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Adopting Orphan Diseases: Rare Interstitial Lung Diseases
was conceived and brought to life to meet a pressing need in the
field of respiratory medicine. These conditions, encountered only
rarely—and in some cases, exceedingly rarely —remain insuffi-
ciently understood in their biopsychosocial dimensions. Opportu-
nities for research are often constrained by the limited number of
patients or by the lack of interest from industry. Against this back-
ground, we aimed to bring together up-to-date theoretical knowl-
edge with the realities of medical practice.

Within this practice, we sought to address a broad spectrum—
from the role of these diseases in undergraduate and postgraduate
education to the patient perspective, from advocacy efforts to vi-
sions for the future. It has been a particular source of joy for us
to see this book, with international reach and contributions from
some of the foremost experts in the field, completed in a spirit of
collective wisdom and in what could be considered a record time.
The invaluable contributions of each author have allowed us to
create a resource designed to support physicians eager to deep-
en their understanding of these diseases and to better serve their
patients. We wished to provide a reference to which a physician
faced with a rare interstitial lung disease might turn, enabling them
to navigate the process in the most appropriate way.

Another distinctive feature of this book is its attention to the
social dimensions of rare interstitial lung diseases. One chapter,
enriched by the history of the LAM Foundation and LAMposium,
shares a real story that brings forward both the patient and care-
giver perspective—an inspiring example of patient advocacy. We
sincerely hope this will encourage similar efforts and serve as a
source of inspiration for the active participation of patients and
their families in these journeys.

We owe our gratitude to all our contributing authors, to the
publication team, and to the dedicated scientists who, long before
us, devoted themselves to adopting orphan diseases and laid the
groundwork for this book. However rare a disease may be, for the
patient who receives the diagnosis and for their loved ones, and for
the physicians striving to provide the best possible care, we hope
this book will offer both knowledge and breath.

Prof. Dr. Goksel ALTINISIK ERGUR
Pamukkale University, Faculty of Medicine,
Department of Chest Diseases, Denizli, Tiirkiye

Prof. Dr. Francis X. MCCORMACK
Cincinnati University, Faculty of Medicine,
Department of Internal Medicine, Division of Pulmonary Critical Care,

and Sleep Medicine, Cincinnati, USA
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Oksiiz Hastaliklart Sahiplenmek: Nadir Interstisyel Akciger
Hastaliklar: baslikli bu kitap, gogus hastaliklart alaninda onemli
bir gereksinimi kargilamak amaciyla kurgulandi ve gergeklestiril-
di. Az, hatta bazilar1 cok az rastlanmalar1 nedeniyle haklarindaki
bilginin (biyopsikososyal ag¢ilardan) kisitl oldugu, arastirma ola-
naginin hasta sayisi ya da endustrinin ilgisindeki azlik nedeniyle
yeterli olamadig1 bu hastaliklarda guncel teorik bilgiyi hekimlik
pratigi ile birlestirmeyi hedefledik. Bu pratigin icinde, mezuniyet
oncesi ve sonrast egitimdeki konumlarindan hasta perspektifine,
hasta savunuculugundan gelecek perspektifine genis bir yelpazeyi
ele aldik.

Uluslararasi erigimi olan bir kitabi, alaninin 6nde gelen ulus-
lararasi isimlerinin de yazarlarimiz arasinda yer aldig1 bir ekiple,
ortak akil ve rekor denebilecek stirede tamamlamig olmak ayr1 bir
mutluluk kaynagi. Her bir yazarin degerli katkilari, hastaliklari
derinlemesine 0grenmek ve hastalarina yardimer olmak isteyen
hekimlere destek kitabi olusturmamiza olanak sagladi. Nadir bir
interstisyel akciger hastaligi ile kargilagan bir hekimin, bagvuraca-
&1 ve bu sayede suireci en uygun sekilde yurutebilecegi bir kaynak
olmasini istedik. Ayrica konunun sosyal yonlerini, ustelik hasta
savunuculugunun 6zgun bir 6rnegi olan LAM Vakfi ve LAM sem-
pozyumu tarihcesiyle hasta ve hasta yakini perspektifini gercek bir
oykuden aktaran bir bolumun yer almasi, bu kitabin fark yaratan
yonunu olusturmaktadir. Bunun, benzer ornekleri ¢ogaltmasini,
hasta ve hasta yakinlarinin suireclere katilmasi i¢in ilham kaynagi
olmasin1 yurekten umuyoruz.

Kitabimizin okurlarina ulagmasinda emegi gecen yazarlarimi-
za, yay1n ekibine, yazinda yer alan degerli bilgileri elde etmek i¢in
bizden once de oksuz hastaliklar1 sahiplenen ve bu kitabin olus-
masini mumkiin kilan bilim insanlarina tesekkuiri bir borg biliriz.
Ne denli nadir olursa olsun o tanty1 alan hasta ve onun yakinlar
icin, tan1 ya da tedavi siirecinde kargilagarak hastasina en iyi saglik
bakimin1 sunmak isteyen hekimler i¢in kitabimizin hem bilgi sun-
mast hem nefes olmasi dilegimizle.

Prof. Dr. Goksel ALTINISIK ERGUR
Pamukkale Universitesi Tip Fakiiltesi,

Gogiis Hastaliklart Ana Bilim Dali, Denizli, Tiirkiye

Prof. Dr. Francis X. MCCORMACK

Cincinnati Universitesi Tip Fakiiltesi,

Dahiliye Boliimii, Akciger Yogun Bakim ve Uyku Tibbt Boliimii,
Cincinnati, ABD
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AN OVERVIEW OF
RARE INTERSTITIAL LUNG DISEASES

NADIR INTERSTISYEL AKCIGER HASTALIKLARINA GENEL BIR BAKIS

ABSTRACT

While ILDs represent a heterogeneous group of over 200 disorders, rare forms are often grouped under
the ambiguous “others” category in classification systems, making them difficult to identify. In today’s
era of personalized medicine, it is increasingly important to reflect individualized approaches within
disease classifications as well. This book aims to provide a comprehensive approach to rare interstitial
lung diseases (rare ILDs), exploring their diagnosis, treatment options, integration into medical educa-
tion, and the patient perspective.

By focusing on the concepts of rare and “orphan” diseases, conditions that have low prevalence and
often suffer from a lack of clinical or research interest, this book seeks to systematically increase
awareness and recognition. Delays and difficulties in diagnosis are common in rare ILDs, often due
to insufficient knowledge. Thus, integrating these diseases into undergraduate medical education and
strengthening their presence in postgraduate training is essential, the methods should be enriched.
Given the key role of imaging in diagnosis, an early chapter of the book is devoted to radiological clues
specific to rare ILDs, offering a foundational perspective before exploring individual disease groups.
The book categorizes rare ILDs into four major groups: alveolar filling disorders, cystic lung diseases,
familial ILDs, and other uncommon conditions. Each chapter begins with a case vignette to highlight
the clinical relevance of the topic, followed by theoretical content and concludes with a case analysis
and a few reflective questions to reinforce understanding.

Beyond its scientific content, the book also emphasizes other important dimensions: the patient expe-
rience, educational gaps and recommendations, end-of-life management, telemedicine opportunities,
and an example of social and scientific collaboration (LAM Foundation). Pulmonary rehabilitation, a
modality often overlooked yet potentially impactful, and lung transplantation are also discussed, high-
lighting the need to both improve current practice and shape future directions.

Ultimately, this book is designed as the seed of a snowball, small but powerful, aiming not only to
address rare ILDs from a scientific standpoint but also to embrace patients, caregivers, and physicians
as part of a shared human context, fostering a sense of ‘adopting’ these orphan conditions.
Keywords: Interstitial lung diseases; Rare interstitial lung diseases; Orphan diseases;

Computerized tomography; Patient perspective; Education; Lung transplantation;

End of life management; Future perspective

OZET

Bu kitap, nadir interstisyel akciger hastaliklar1 (nadir IAH) 6zelinde tani, tedavi segenekleri, egitim-
deki yerleri, hasta perspektifi gibi farkl bagliklar altinda konuya buttinctil bir yaklagim sinmay1 amag-
lamaktadir.

Interstisyel Akciger Hastaliklari, genellikle 200°den fazla hastaligi kapsayan heterojen bir grup ola-
rak tanimlanirken, siniflama sistemlerinde nadir formlar genellikle “diger” baghig: altinda yer almakta
ve bu durum s6z konusu hastaliklarin taninmasini zorlagtirmaktadir. Ginumuzun kisisellestirilmis tip
bakigini, hastalik siniflamalarina da yansitmak onemli bir gereksinim olarak karsimiza ¢cikmaktadir.

Nadir ve “oksuz” hastaliklar kavramlar1 uizerinden, dusuk prevalansli ama ayni1 zamanda ¢ogunlukla
klinik ve aragtirma ilgisinden yoksun ya da az sayida hasta olmasit nedeniyle bu agidan kisitliliklara
sahip hastaliklar1 sistematik bicimde ele alarak bilinirliklerini artirmak onem tagimaktadur.
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Nadir IAH tanilarinda cesitli nedenlerle hem gecikmeler hem de zorluklar genellikle yasanmaktadir. Bir tanidan kuskulanmak icin hakkinda
bilgi sahibi olma gerekliliginden hareketle, nadir IAH larinin mezuniyet oncesi tip egitimi mufredatinda yer bulmasi, ozellikle de uzmanlik
egitimi duzeyinde daha fazla ve kapsamli bicimde yer almalar1 gereklidir.

Bu hastaliklarin tanisinda goruntuleme bulgularini kilit rol oynamasi nedeniyle, tek tek tartisilmalarindan once nadir IAH baglaminda radyolojik
ipuclar1 tizerine bir bolumun, henuiz kitabin baginda aydinlatici bir temel olusturmasi amaglanmistir. Ardindan, nadir IAH’lar1 dort temel grupta
incelenmektedir: alveoler dolum hastaliklari, kistik hastaliklar, ailesel IAH’lar1 ve diger nadir durumlar. Her bolimiin bir olgu sunumu ile bagla-
mas1, ardindan gelecek teorik bilgisinin kullanim alanlarin1 vurgulamay1 amaglarken, pratik-teorik bilgi butunlesmesini, bolum sonundaki olgu
analizi ve akilda kalic1lig1 artiracak birkag soru saglayacaktir.

Bilimsel igeriginin zengin olmasi yaninda, bu kitabin bagka bazi yonleriyle de one ¢ikmasi amaglanmgstir. Hasta perspektifi, egitimde mevcut
durum ve oneriler, yasam sonu bakimu, tele-tip olanaklari, sosyal ve bilimsel organizasyon ornekleri bu amagla kitabin kapsamina alinmistir.
Pulmoner rehabilitasyona tedavide goz ardi edilmesi; ancak etkili olma potansiyeli tagimasi nedeniyle, deneyimin artirilmasina gereksinim
duyulan akciger nakli uygulamasina giincel durumunu bilip gelecekteki yerini hazirlamak gerekliligi agisindan yer verilmistir.

Sonugta, bu kitap bir kartopunun ¢ekirdegini olusturmak izere kurgulanarak, nadir [AH’larin1 yalnizca bilimsel yonleriyle ele almakla kalmayip
hasta, hasta yakini ve hekimleri insan baglaminda kucaklamay1, bir anlamda sahiplenmeyi one ¢ikarmaktadir.

Anahtar Kelimeler: Agri; Interstisyel akciger hastaliklar1; Nadir interstisyel akciger hastaliklari; Oksiiz hastaliklar; Bilgisayarli tomografi;
Hasta perspektifi; Egitim; Akciger transplantasyonu; Yagsam sonu yaklasimi; Gelecek perspektifi

perspective in future updates- one that prioritizes the

INTRODUCTION

Interstitial Lung Diseases (ILDs) are defined in the

awareness and recognition of rare ILDs.

. « In a recent narrative review, the importance and
first sentence of almost all related articles as “a hetero- ) o .
. specific characteristics of rare ILDs were emphasized
geneous group of more than 200 entities that affect the ) . . . o o
. . . to support their accurate identification -distinguishing
alveolar-capillary unit and, in some cases, the small ] . e o
. , them from other diseases with similar clinical or ra-
airways and pulmonary vasculature.” Updates to the ) ) ) o ] )

. . . . diological presentations- and to highlight the implica-
classification of ILDs are infrequent but consistently ] ¢ i s £ q
. . . . . tions ot correct diagnosis for management and prog-
implemented.'? These classifications typically include . & & prog
« , nostic outcomes.® In the ERS Monograph on Orphan
an “other” category for lesser-known and less preva- L Di Cordier described their obiecti
. . rdier ri ir iv
lent ILDs. These rare diseases are often unnamed in un(g:l zieasesf,ﬁ ordier describe Le ho ]e(;;[ ¢as
. . . “to deve efficient care, especially through more
the lists thus have a risk to be underestimated due to ° op - P y throug 0

their rarity. A recent classification differs from previ- appropriate diagnosis and research, including drug

ous ones by explicitly naming diseases such as Pul-
monary Alveolar Proteinosis (PAP), Lymphangioleio-
myomatosis (LAM), and Pulmonary Langerhans Cell
Histiocytosis (PLCH), in addition to a subgroup called
“other rare ILDs” under the fifth category: ILDs with
cysts and/or airspace filling.? In their review, Ryerson
and Collard proposed a future classification approach
based on genetic, molecular, and environmental phe-
notypes, grouped according to disease pathobiology.
They advocated for a personalized medicine frame-
work aimed at providing clinicians with more accurate
prognostic information and targeted therapies tailored
to the underlying biology of each disease.* Despite
these developments, recent overviews of ILDs con-
tinue to focus primarily on more common diagnoses,
with rare diseases still consolidated into generalized
groups.® Despite two decades of progress, a persistent
need remains to allocate greater attention and repre-
sentation to rare ILDs in classification systems. These
insights underscore the importance of adopting a new

development and a more humanistic consideration of
the patients”.” In this monograph, rare ILDs among or-
phan lung diseases are discussed in several chapters,
as part of groups of diseases such as multiple cystic
lung diseases, alveolar lipoproteinosis syndromes, and
rare interstitial lung diseases of environmental origin.
In another comprehensive book titled Orphan Lung
Diseases: A Clinical Guide to Rare Lung Diseases, a
broad range of conditions is covered with the stated
aim “to provide synthesized and easily accessible in-
formation about the main orphan lung diseases.” The
editors intend to support clinicians in answering the
practical questions they encounter in patient care in
a timely and effective manner.® This textbook covers
many orphan lung diseases, including some relatively
common rare ILDs, from a medical perspective.

A decade later, there remains a need to publish
a handbook that not only addresses recent advances
in rare ILDs from a medical standpoint but also in-
tegrates integrative and future perspectives across a
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broad spectrum with a central focus on the patient,
to whom all efforts should ultimately be dedicated.
Therefore, the title of this book (Adopting Orphan
Diseases: Rare Interstitial Lung Diseases) was chosen
to emphasize the commitment to embracing this group
of diseases by exploring rare ILDs across a broad
spectrum, from medical to social aspects.

DEFINITION OF RARENESS

It would be appropriate to begin by defining certain
terms, both in terms of their frequency, such as rare
diseases in general, rare lung diseases, and rare ILDs,
and their functional use, such as the concept of orphan
diseases.

Rare diseases and orphan diseases are terms of-
ten used interchangeably, but their distinctions war-
rant clarification—particularly in a book intended as
a reference guide. Jeff Aronson has clearly defined
these terms, including their ontological origins: the
word rare comes from the Latin rarus (meaning
loosely spaced or sparse), and orphan originates from
the Greek orphanos (referring to a child deprived of
one or both parents, or an adult deprived of a child).’
In medical contexts, rare generally refers to the low
prevalence of a disease, whereas orphan disease is
used to describe neglected diseases. Furthermore, or-
phan diseases convey the sense that affected patients
feel abandoned-that no one cares about their disorder
and that little, if any, research is conducted to improve
diagnosis and management.'

A rare disease is defined in Europe as one that af-
fects fewer than one person in every 2,000.” Orphan
diseases are those that are not widely researched, lack
specific treatments, or attract limited interest from
scientists and clinicians. In the United States, a rare
disease is defined as one affecting fewer than 200,000
individuals." Approximately 30 million people in the
U.S. are living with a rare disease, a figure that trans-
lates to about 1 in 10 people.'® In Japan and Austra-
lia, a disease is considered rare if it affects fewer than
50,000 and 2,000 people, respectively. These thresh-
olds correspond to a prevalence of 1 to 8 in 10,000
people. The European Union defines rare diseases as
those affecting fewer than 5 in 10,000, while the World
Health Organization uses a range of less than 6.5 to 10
in 10,000 people.’ Therefore, a disease considered rare
in one region may not be classified as rare in another.

Specific, coordinated initiatives in the field of rare

diseases are essential to ensure equity in care delivery,
the development of best practices, and the availabili-
ty of reliable information for healthcare professionals
and the broader public.'? It is widely acknowledged
that rarer conditions are too often neglected by health
services, resulting in reduced quality of life for affect-
ed individuals and increased costs to national health-
care systems, welfare programs, employers, and pa-
tients themselves.'> When barriers stand in the way of
providing the best care for patients and their families
in the field of rare diseases, rare lung diseases are also
affected by this disadvantageous situation. Consid-
erable variability in the prevalence and incidence of
ILDs has been observed, depending on the specific
diagnosis, which in turn is influenced by factors such
as gender, age, geographic region, and ethnicity.’ Rare
ILDs can be approached from a similar perspective.

HOLISTIC APPROACH TO RARE ILDS

The rarer the disorder, the more tests and healthcare
visits are usually required to achieve a correct diagno-
sis. This often results in increased costs, unnecessary
procedures, and missed opportunities for early inter-
vention.!” Unfortunately, the lack of interest stems
from limited medical knowledge about these diseases
and the unsatisfactory financial incentives from the in-
dustry’s perspective. Lesser-studied ILDs represent a
diagnostic and therapeutic challenge and are frequent-
ly misdiagnosed. Recently, the need for more global
and accessible educational methods for rare diseases
has been emphasized.' Since diagnostic work-ups
begin with clinical suspicion and involve a broad dif-
ferential diagnosis, an optimal level of basic knowl-
edge about these diseases should be ensured through
medical education, both at the undergraduate level and
during pulmonary medicine training, alignment with
current curricula.’ From this perspective, a chapter ti-
tled “Rare ILDs in Medical and Postgraduate Ed-
ucation” aims to highlight the current situation and
propose alternative educational approaches.

Radiological investigation is the primary tool for
both guiding the development of an appropriate list
of differential diagnoses and determining the diagnos-
tic work-up needed to reach a correct diagnosis. The
following chapter, titled “Differential Diagnosis in
Rare ILDs Through Radiological Hints,” provides
a radiology-focused overview of all these conditions,
highlighting their characteristic imaging features of-
ten the first step in raising clinical suspicion and guid-
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ing differential diagnosis. Differentiating cystic lung
diseases within the group of rare ILDs is essential,
as these diseases have distinct clinical features and
therapeutic approaches. Radiological guidance plays
a crucial role in recognizing the underlying pathology
and planning an appropriate diagnostic approach. To
reach an accurate final diagnosis, similarities and dis-
tinguishing imaging findings must be carefully eval-
uated, especially when attempting to avoid the need
for histopathological confirmation. However, in some
cases, a radiologist with expertise in rare ILDs may
not be available to support clinicians. Therefore, phy-
sicians should be able to recognize key radiological
features, at least to ensure timely referral to an expert
center. The radiology chapter is designed to support
pulmonary medicine specialists in such circumstances
by providing a wide range of radiological images and
a structured diagnostic workflow.

According to a biomedical approach, this book on
rare ILDs is organized into four main categories: alve-
olar filling diseases [Pulmonary Alveolar Microlithi-
asis (PAM), Pulmonary Alveolar Proteinosis (PAP),
Acute Silicosis/Silicoproteinosis), cystic lung diseas-
es (Birt-Hogg-Dube Syndrome (BHD), Lymphan-
gioleiomyomatosis (LAM), Pulmonary Langerhans
Cell Histiocytosis (PLCH)], Familial Interstitial
Pneumonias (SP-C, ABCA3, telomere-related dis-
orders), and other conditions such as Pleuroparen-
chymal Fibroelastosis (PPFE), Pulmonary Amyloi-
dosis, Hermansky-Pudlak Syndrome, and Thoracic
Involvement in IgG4-related ILD. These represent
the key diseases included under the umbrella of rare
ILDs.

Each topic is presented in a structured format
designed to provide the reader with a systematic ap-
proach and practical understanding of the aforemen-
tioned diseases. The format follows a flow that begins
with a concise and illustrative clinical case to introduce
the topic and engage the reader. After the initial steps,
presentation, clinical evaluation, physical examina-
tion, and preliminary diagnosis, the chapter proceeds
to the next section. Details regarding the final part of
the case report are withheld until the end, while the
theoretical background is conveyed in an organized
manner. This is followed by a case analysis. At the
end of each chapter, sample questions and take-home
messages are included to help apply the information in
practical settings. This format may enhance the impact
of the book by making it a useful handbook for daily

medical practice, in addition to its educational value in
the context of rare ILDs.

Aholistic approach would not be complete without
the chapters on “Patient Perspective in Rare ILDs”,
“End-of-Life Management in Rare ILDs” and “The
LAM Story: From Grass Roots Patient Advocacy
to an Effective Treatment”. Even though treatment
options are generally limited for rare ILDs, non-phar-
macological approaches such as “Telemedicine Op-
portunities for Rare ILDs,” which explores remote
healthcare delivery, and “Pulmonary Rehabilitation
in Rare ILDs” are addressed in related chapters. Ad-
ditionally, a discussion on lung transplantation in rare
ILDs is essential due to the importance of careful ben-
efit-risk evaluation.

The future of patients with orphan lung diseases
depends not only on equitable access to a definitive di-
agnosis and optimal current care, but also on advance-
ments in both clinical and basic research. Standard
randomized, double-blind, placebo-controlled trials
for evaluating new drugs in very rare diseases are
often hindered by challenges in patient recruitment.
As a result, researchers frequently resort to alterna-
tive, suboptimal study designs, methods, and clinical-
ly meaningful endpoints.® Consequently, due to the
lack of randomized controlled trials, there are still no
well-established therapeutic options available.® Un-
fortunately, there has been hardly any progress so far.
This topic could be addressed in a chapter titled “Fu-
ture Perspectives on Rare ILDs.”

CONCLUSION

It has been more than a decade since Jean-Frangois
Cordier, in the introduction to the ERS Monograph on
Orphan Lung Diseases, wrote: “For too long, orphan
diseases have been a matter of curiosity to the public
and to doctors, rather than an obligation of solicitude
to the affected patients. The time has come to develop
efficient care, especially through more appropriate di-
agnosis and research, including drug development and
a more humanistic consideration of the patients who
should no longer be made to feel like an ‘orphan.’”.”
Furthermore, four decades have passed since the en-
actment of the Orphan Drug Act in the United States,
which stated: “There is reason to believe that some
promising orphan drugs will not be developed unless
changes are made in the applicable Federal laws to
reduce the costs of developing such drugs and to pro-
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vide financial incentives to develop such drugs; and it
is in the public interest to provide such changes and
incentives for the development of orphan drugs.”'" In
a recently published book on rare and interstitial lung
diseases, only PAM, PAP, PPFE, 1gG4-related diseas-
es, and PLCH took place through a certain case report
for each chapter to demonstrate real life experiences.'*

While review articles and occasional case reports
continue to be published, there remains a significant
need to compile, analyze, and extract new insights
from them to improve our understanding of rare ILDs.
Early consultation with, or referral to, experts has
been recommended to “diagnose, optimally treat, and
support patients with rare ILDs, as well as advance the
field,” and the European Reference Network on Rare
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DIFFERENTIAL DIAGNOSIS IN
RARE INTERSTITIAL LUNG DISEASES
THROUGH RADIOLOGICAL HINTS

NADIR INTERSTISYEL AKCIGER HASTALIKLARINDA
RADYOLOJIK IPUGLARIYLA AVIRICI TANI

ABSTRACT

Thin-slice computed tomography (CT) has become the cornerstone for diagnosing in interstitial lung
diseases (ILDs), allowing radiologists to triage patients by pattern, distribution, and ancillary systemic
clues long before histology is available. Thin-section volumetric acquisitions <1.25 mm recommended
by the Society of Thoracic Radiology and recent Fleischner updates maximise conspicuity of subtle
cysts, nodules, and septal thickening while standardising terminology across centres. Among cystic
disorders, pulmonary Langerhans-cell histiocytosis typically shows upper- and mid-zone centrilobular
nodules that cavitate into irregular cysts with relative costophrenic sparing, strongly associated with
cigarette smoking; lymphangioleiomyomatosis demonstrates innumerable uniformly thin-walled cysts
scattered throughout enlarged lungs that often spare pericostophrenic angles and may coexist with
chylous effusion or renal angiomyolipoma; and Birt-Hogg-Dubé syndrome produces fewer, variably
shaped lentiform cysts clustered in basal-medial regions, frequently heralded by spontaneous pneumo-
thorax. The “crazy-paving” pattern is a mosaic of ground-glass opacities (GGOs) with superimposed
inter- and intralobular septal thickening remains the signature of pulmonary alveolar proteinosis (PAP),
although it is recognised as a non-specific pattern shared with infection and acute lung injury. Smooth
septal thickening with background GGOs in a child or young adult, particularly when accompanied by
hepatosplenomegaly, should raise concern for Niemann-Pick disease type B or other lysosomal storage
disorders. Diffuse hyperdense calcific micronodules generating the “black pleura sign” and “sandstorm
appearance” are virtually diagnostic of pulmonary alveolar microlithiasis (PAM). Integrating these
imaging signatures with clinical context accelerates multidisciplinary consensus, reduces unnecessary
biopsies, and positions radiology at the forefront of precision therapeutics for these uncommon but
morbid entities.

Keywords: Interstitial lung disease; Computed tomography; Langerhans-cell histiocytosis;
Lymphangioleiomyomatosis; Birt-Hogg-Dubé syndrome; Cystic lung disease

OZET

Ince kesitli bilgisayarli tomografi (BT), interstisyel akciger hastaliklarinin (IAH) tanisinda temel yon-
tem haline gelmis olup, radyologlarin histopatoloji sonuclar1 olmadan once hastalar1 patern, dagilim ve
sistemik ipuglarina gore siniflandirmasina olanak tanir. Society of Thoracic Radiology (STR) ve giincel
Fleischner kilavuzlar: tarafindan onerilen <1,25 mm ince kesitli volumetrik taramalar, ince duvarli
kistlerin, nodullerin ve septal kalinlagmalarin daha belirgin hale gelmesini saglayarak farkli merkezler
arasinda terminolojinin standartlagmasina katkida bulunur. Kistik hastaliklar arasinda pulmoner Lan-
gerhans hiicreli histiyositoz genellikle ust ve orta akciger zonlarinda sentrilobiiler nodiillerle baglar ve
zamanla duzensiz kistlere donuisuir; kostofrenik sinuisler genellikle korunur ve tablo sigara kullanimiy-
la gl iligkilidir. Lenfanjiyoleyomiyomatozis, genellikle tum akcigerlere yayilmis, homojen, ince
cidarl1 sayisiz kistle karakterizedir; perikostofrenik ac1 siklikla korunur ve kistlere siloz efizyon veya
bobrek anjiyomiyolipomu eslik edebilir. Birt-Hogg-Dubé sendromunda daha az sayida, sekil olarak
degisken lentiform kistler bazal ve mediyal alanlarda kiimelenir ve cogu zaman spontan pnomotoraks
ilk bulgu olabilir. Arnavut kaldirimi (Crazy-paving) paterni, buzlu-cam opasiteler tizerine binen inter-
ve intralobiiler septal kalinlasmanin mozaik gorunumudur ve en ¢ok pulmoner alveoler proteinozis
(PAP) ile iligkilidir; ancak enfeksiyon ve akut akciger hasari gibi diger durumlarda da gozlenebilir.
Cocuk veya geng eriskinlerde diizgiin septal kalinlagsma ve eslik eden buzlu-cam opasiteleri, 0zellikle
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hepatosplenomegali de varsa, Niemann-Pick hastalig1 tip B veya diger lizozomal depo hastaliklar1 ayirici tanida dusuntlmelidir. Yaygin hiper-

dens kalsifik mikronodiillerle olusan “siyah plevra isareti” ve “kum firtinas1 goriiniimir” pulmoner alveoler mikrolitiyazis (PAM) i¢in neredeyse

tanisaldir. Bu goruntiileme bulgularinin klinik baglamla birlestirilmesi, multidisipliner karar siire¢lerini hizlandirir, gereksiz biyopsileri azaltir

ve radyolojiyi bu nadir fakat ciddi hastaliklarin tan1 ve tedavisinde dnemli bir konuma tagir.

Anahtar Kelimeler: Intertisyel akciger hastaligi; Bilgisayarli tomografi; Langerhans hiicreli histiyositoz; Lenfanjiyoleyomiyomatozis;

Birt-Hogg-Dubé sendromu; Kistik akciger hastaligi

INTRODUCTION

Interstitial lung diseases (ILDs) encompass a hetero-
geneous group of disorders characterized by varying
degrees of inflammation and fibrosis of the pulmonary
interstitium and alveoli, often leading to respiratory
failure and impaired gas exchange.'* While common
forms like idiopathic pulmonary fibrosis (IPF) are
well-studied, rare ILDs pose unique diagnostic chal-
lenges due to their low prevalence, diverse etiologies,
and overlapping radiological features.* Radiological
evaluation, particularly thin slice chest computed to-
mography (CT) with ILD protocol, serves as a cor-
nerstone in the ILD diagnostic pathway. Chest CT
enables detailed visualization of ILD patterns, such as
ground-glass opacities (GGOs), cysts, nodules, mo-
saicism, traction bronchiectasis, architectural distor-
tion, and reticulation, which are essential for shaping
differential diagnoses and guiding multidisciplinary
discussions.’ Through integration with clinical histo-
ry, pulmonary function tests (PFTs), and, when nec-
essary, histopathology, radiologists play a critical
role in narrowing down the possible causes of ILD.
However, differentiating rare ILDs remains fraught
with difficulties. Most important challenges include
atypical radiological manifestations and mimicry of
more common diseases. These factors often contrib-
ute to diagnostic delays, misclassification, and sub-
optimal patient management.** This section is aimed
to equip clinicians and radiologists with a structured
radiological framework to recognize and differentiate
rare ILDs, ensuring that even subtle or atypical pre-
sentations are systematically evaluated. It also aimed
to emphasize distinct imaging features across a spec-
trum of uncommon conditions, highlighting patterns
that may mimic more prevalent diseases. Finally, it
aimed to explore the role of emerging technologies,
such as artificial intelligence (AI)-driven tools, quan-
titative CT techniques, and advanced modalities like
photon-counting CT.

ROLE OF THIN-SLICE CT (CT) TECHNICAL
PROTOCOLS

Thin-slice CT is essential in ILD evaluation because
it substantially improves the visualization of fine lung
details, such as subtle reticulation, small nodules, in-
terlobular septal thickening, and early honeycombing.
A comprehensive ILD CT protocol includes full-in-
spiratory thin-slice imaging, with prone or expira-
tory series as needed to uncover dependent changes
and air-trapping. The American College of Radiology
(ACR) and Society of Thoracic Radiology (STR) rec-
ommend thin-slice CT acquisition with the following
parameters for ILD evaluation:®

1. Volumetric expiratory and inspiratory scans per-
formed supine at full inspiration, with patient arms
raised to reduce beam hardening and motion arti-
facts.

2. Thin collimation of <1.25 mm (typically 1 mm) us-
ing high-resolution (sharp) reconstruction kernels
ensures optimal lung parenchymal detail.

3. A dedicated prone inspiratory series (restricted to
the dependent lung bases) is recommended when
dependent opacities are seen supine; this helps
differentiate true pathology from gravitational at-
electasis.

4. Expiratory imaging in supine position may be ac-
quired to assess for air-trapping in airway-domi-
nant disorders.

Even with robust protocols, thin-slice CT is sus-
ceptible to motion artifacts, suboptimal inspiration,
and beam-hardening, particularly near the diaphragm
or chest wall. Inadequate breath-hold or improper po-
sitioning can degrade image quality; thus, technolo-
gists should immediately review images and repeat
acquisitions as necessary. Utilizing volumetric acqui-
sition allows post-processing into coronal and sagit-
tal reformats, which not only aids diagnosis but also
helps mitigate the impact of artifacts.”
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ANCILLARY IMAGING TOOLS IN RARE ILD
Lung Ultrasound (LUS)

Lung ultrasound (LUS) is emerging as a bedside
screening tool for ILD, especially in rheumatologic
conditions.® The presence and count of B-lines, along
with pleural irregularities and subpleural nodules,
show high sensitivity (83%) and specificity (81.2%)
compared to high-resolution CT (HRCT).® LUS also
outperforms symptom-based screening in detecting
subclinical ILD among rheumatoid arthritis.' Ad-
vanced techniques such as lung surface-wave elastog-
raphy promise non-invasive assessment of superficial
parenchymal stiffness." However, ultrasound remains
limited to superficial lung zones and cannot visualize
deeper structures obstructed by air.

Magnetic Resonance Imaging (MRI)

Lung MRI is increasingly recognized as a radia-
tion-free, multimodal imaging alternative for ILDs.’
Its strengths include superior tissue characterization,
where inflammation highlights on high T2-weighted
images with early contrast uptake, while fibrosis re-
mains hypointense with delayed enhancement. Ultra-
short echo time (UTE) sequences have demonstrated
strong correlations with HRCT for detecting fibrosis
patterns such as reticulation, honeycombing, and trac-
tion bronchiectasis in idiopathic pulmonary fibrosis,
with sensitivity up to 97.1% and a correlation coef-
ficient of r=0.72."? Building on this, zero echo time
(ZTE) MRI has shown excellent agreement with thin-
slice CT for quantifying ILD extent in systemic scle-
rosis, with an intermodality correlation of r=0.986 and
high interobserver reliability (ICC up to 0.969), mak-
ing it a promising tool for serial monitoring without
ionizing radiation.!”* Additionally, hyperpolarized gas
MRI using *He or '¥Xe offers functional maps of ven-
tilation and gas exchange, enabling sensitive detection
of regional abnormalities that correlate with PFTs.!4
Despite these advancements, MRI lags HRCT in spa-
tial resolution, remains susceptible to motion artifacts,
and demands specialized protocols, respiratory con-
trol, and proprietary hardware that limit widespread
adoption.”” Nonetheless, with continuous technolog-
ical improvements and increased accessibility, MRI
offering a safer, no-radiation approach to diagnosing
and managing rare ILDs.

Positron Emission Tomography-CT (PET-CT)

PET-CT provides functional insight by mapping met-
abolic activity onto anatomical CT images. Standard
FDG-PET has demonstrated utility in identifying
active inflammation and early fibrotic changes, par-
ticularly in connective tissue disease (CTD)-related
ILDs.'* Additionally, %Ga-FAPI PET-CT-targeting
fibroblast activation protein has recently emerged
as a sensitive tool for quantifying fibrotic burden in
ILDs.!"” Although promising, PET-CT use in rare ILDs
remains investigational and requires more prospective
validation for routine clinical integration.

MULTIDISCIPLINARY APPROACH

Integrating clinical and pathologic data through a
multidisciplinary approach is essential for accurate
and timely diagnosis of rare ILDs.'® Regular meetings
involving pulmonologists, rheumatologists, thoracic
radiologists, and ILD-trained pathologists form the
diagnostic gold standard, improving inter-observ-
er agreement, boosting diagnostic confidence, and
reducing the number of unclassifiable cases. Such
collaborative synthesis not only enhances diagnostic
precision but also guides procedural choices, informs
prognosis, and reduces the need for unnecessary inva-
sive testing.'®

RADIOLOGICAL PATTERNS OF RARE ILDs

Rare ILDs often display distinct radiologic patterns
that are critical for differential diagnosis.* The cra-
zy-paving pattern, combining GGOs with septal
thickening, is first described in pulmonary alveolar
proteinosis but also occurs in many disorders, includ-
ing alveolar microlithiasis, acute silicoproteinosis,
Langerhans cell histiocytosis, and pulmonary hemor-
rhage. Cystic changes are typical of lymphangioleio-
myomatosis and Birt-Hogg-Dubé syndrome, while
nodular patterns commonly appear in Langerhans cell
histiocytosis, amyloidosis, sarcoidosis, and pneumo-
conioses. Finally, fibrotic features with reticulation,
traction bronchiectasis, and honeycombing, as seen
in pleuroparenchymal fibroelastosis and familial in-
terstitial pneumonias, can resemble usual interstitial
pneumonia (UIP) but often show apical pleural thick-
ening or familial clustering.*® Recognizing these im-
aging signatures and their nuances is essential to avoid
misdiagnosis and guide targeted clinical and genetic
evaluation.
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Pulmonary Alveolar Proteinosis (PAP)

Pulmonary alveolar proteinosis (PAP) classically
presents on chest radiographs with bilateral, symmet-
ric alveolar opacities with mid-to-lower lung zone
predominance, often described as a bat-wing pattern.
These radiographic findings reflect filling of the alveo-
li with surfactant-rich material, giving a homogenous,
cloud-like appearance.'* On chest CT, PAP is most no-
tably characterized by the crazy-paving pattern, where
GGOs are intersected by smooth interlobular and in-
tralobular septal thickening.>!*? These GGOs are fre-
quently patchy or geographic with sharply demarcated
borders from adjacent unaffected lung, which often
appears relatively clear, a helpful clue for identifying
involved zones (Figure 1). These imaging features,
when recognized in the appropriate clinical context,
strongly suggest PAP and help distinguish it from oth-
er causes of diffuse lung opacities.!*?

Differential considerations to bear in mind include
Preumocystis jirovecii pneumonia (PCP), pulmonary
edema, and alveolar hemorrhage. PCP should be a
prime consideration in immunocompromised patients
presenting with upper lung zone predominant diffuse

GGOs or crazy-paving pattern on CT.?' Pulmonary
edema also mimics this pattern and characterized by
smooth septal thickening combined with GGOs in

dependent lung regions, often alongside cardiomega-
ly and pleural effusions. Lastly, alveolar hemorrhage
can present a similar CT appearance, particularly in
acutely symptomatic patients with concurrent clinical
or laboratory evidence of bleeding.>*!

Pulmonary Alveolar Microlithiasis (PAM)

Pulmonary alveolar microlithiasis (PAM) is a rare,
genetic disorder marked by widespread intra-alveolar
calcium phosphate microliths.?? On chest radiographs,
PAM displays the characteristic “sandstorm” appear-
ance—diffuse, bilateral micronodular calcifications
that obscure the cardiac borders and diaphragms—
most prominently in the mid to lower lung zones.?
A classic CT pattern includes innumerable tiny,
high-density microliths superimposed on GGOs and
septal thickening, often accompanied by calcification
of the pleura and interlobular septa (Figure 2). An im-
portant diagnostic clue is the “black pleura sign,” a
thin, lucent subpleural line created by spared periph-
eral lung immediately beneath dense calcified paren-
chyma. Subpleural cysts may also be seen in advanced
cases.”” Importantly, these radiographic findings
starkly contrast the typically mild clinical presenta-
tion, and patients often remain asymptomatic or mild-
ly symptomatic despite pronounced imaging abnor-

Figure 1. A 59-year-old male with pulmonary alveolar proteinosis. a) Frontal chest radiograph demonstrates bilateral, pre-
dominantly perihilar interstitial opacities (rectangles). b-e) Axial chest CT images show patchy ground-glass opacities with
smooth interlobular and intralobular septal thickening, consistent with a crazy-paving pattern (arrows).
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Figure 2. A 34-year-old male with pulmonary alveolar microlithiasis. a) Frontal chest radiograph shows the characteristic
“sandstorm” appearance, with diffuse, bilateral micronodular calcifications obscuring the cardiac borders and diaphragms,
most prominent in the mid to lower lung zones. b-e) Axial chest CT images demonstrate innumerable tiny, high-density
microliths superimposed on ground-glass opacities and septal thickening. Calcification of the pleura and interlobular septa is

also present, along with subpleural cysts (arrows).

malities. Differential diagnoses include PAP, silicosis,
amyloidosis, pulmonary hemosiderosis, sarcoidosis,
and metastatic calcification; however, the presence of
dense micronodular calcifications with pleural or sep-
tal involvement, absence of cardiomegaly or lymph-
adenopathy, and the sandstorm and black-pleura signs
are generally distinguish PAM from these mimics.>#*%

Acute Silicosis

Acute silicosis, also known as silicoproteinosis, is
a fulminant form of silicosis that typically develops
within months to a few years after intense silica expo-
sure.?* Chest CT often shows bilateral, posterior-pre-
dominant consolidation with GGOs, and in many
cases, centrilobular nodules, some with calcification,
reflecting inhalational injury (Figure 3).> Unlike id-
iopathic PAP, the classic crazy-paving pattern may be
present but is less consistent, and fibrosis is usually
minimal or absent. Additional distinguishing findings
include ill-defined centrilobular nodules in over 80%
of cases, patchy consolidation, and septal lines; calci-
fied mediastinal or hilar lymph nodes are common.?
Chest radiographs often reveal diffuse alveolar filling
with air-space consolidation, resembling pulmonary
edema or pneumonia. Given the rapid clinical progres-
sion, history of silica exposure is critical for diagno-
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sis and differentiation from other causes of GGO and

consolidation.?*?¢

Birt-Hogg-Dubé (BHD) Syndrome

Pulmonary cysts are the defining radiological feature
of BHD syndrome, an autosomal dominant condition
marked by lower-lobe, medial, and subpleural distri-
bution of multiple variably sized, thin-walled cysts on
chest CT.””?® Unlike other cystic lung diseases, BHD
cysts are fewer, fusiform or lenticular in shape, and
abut interlobular septa or mediastinal pleura (Figure
4). These cysts also tend to cluster basally and me-
dially, with frequent involvement of costophrenic
recesses. The surrounding lung parenchyma remains
typically normal, and cyst size and number remain
relatively stable over time.” Clinically, these distinc-
tive imaging findings—particularly when accompa-
nied by spontaneous pneumothorax and skin or renal
tumors —raise strong suspicion for BHD syndrome.
Their recognition can prompt genetic testing for the
folliculin (FLCN) mutation and guide focused surveil-
lance for associated renal neoplasms.?”*

Lymphangioleiomyomatosis (LAM)
Lymphangioleiomyomatosis (LAM) characterized by
numerous thin-walled, round or oval cysts, typically
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Figure 3. A 53-year-old male with silicoproteinosis. a) Frontal chest radiograph shows nonspecific patchy pulmonary opaci-
ties. b-e) Axial chest CT images demonstrate bilateral, posterior-predominant consolidation and ground-glass opacities with
scattered centrilobular nodules, consistent with inhalational injury. An endotracheal tube is present.

]

Figure 4. A 62-year-old female with Birt-Hogg-Dubé (BHD) syndrome. a-d) Axial chest CT images demonstrate multiple
bilateral, subpleural-predominant, thin-walled cysts of varying sizes (arrows). Most cysts are lenticular in shape and abut the
mediastinal pleura.

uniform in size and diffusely distributed throughout appear evenly across all zones and may be accompa-
both lungs, and cysts often spare the extreme lung bas- nied by interlobular septal thickening, ground-glass
es on CT (Figure 5).* Unlike the basal-predominant opacities, spontaneous pneumothorax, or chylous pleu-
cysts seen in Birt-Hogg-Dubé syndrome, LAM’s cysts ral effusions.?” Chest radiographs are often normal ear-
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Figure 5. A 65-year-old female with lymphangioleiomyomatosis. a-d) Axial chest CT images show numerous thin-walled,
round cysts that are relatively uniform in size and diffusely distributed throughout both lungs.

ly in the disease but may later show bilateral reticular
or cystic changes and hyperinflation, while maintaining
normal lung volumes. The consistent cyst distribution,
context of a woman in her reproductive years, and pos-
sible correlates like renal angiomyolipomas or elevated
serum vascular endothelial growth factor-D (VEGF-D)
strongly support a LAM diagnosis and help differenti-
ate it from other cystic lung diseases.?**

Pulmonary Langerhans Cell Histiocytosis (PLCH)

Pulmonary Langerhans cell histiocytosis (PLCH) typi-
cally presents on chest CT with a striking combination
of centrilobular nodules, cavitating nodules, and irreg-
ularly shaped cysts, predominantly affecting the upper
and mid-lung zones while sparing the costophrenic an-
gles.! In the early stages, small, poorly defined nod-
ules measuring 1-10 mm predominate; as the disease
progresses, some of these nodules cavitate and merge,
gradually transforming into thick- or thin-walled cysts
with irregular, often bizarre shapes. Advanced disease
may result in confluent cystic destruction mimicking
emphysema (Figure 6).2%3! A distinguishing feature is
the upper-lobe predominance with relative basal spar-
ing, which helps separate PLCH from other diffuse
cystic lung diseases.’' Chest radiographs often initially
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reveal nodular or reticulonodular patterns, progressing
to cystic changes as the disease advances. Key diag-
nostic clues include a history of smoking, spontaneous
pneumothorax, and the characteristic nodular-to-cys-
tic transformation on CT.*!

Hermansky-Pudlak Syndrome (HPS)

Hermansky-Pudlak syndrome (HPS)-associated ILD
typically characterized by diffuse, basal-predominant
reticular pattern, traction bronchiectasis, and GGOs.
As fibrosis advances, honeycombing becomes evident
in the lower lobes, while apical regions are often rela-
tively spared (Figure 7).%? Unlike idiopathic UIP, how-
ever, HPS occurs in younger patients and is associated
with oculocutaneous albinism and bleeding diathesis,
which serve as critical diagnostic clues.** Chest radio-
graphs typically show lower-zone reticular opacities
and volume loss in more advanced stages. The com-
bination of progressive fibrotic changes on imaging,
systemic features, and a history of easy bruising or
bleeding strongly supports HPS and helps distinguish
it from sporadic UIP or other fibrosing ILDs.?>3

Familial Interstitial Pneumonias (FIP)

Familial interstitial pneumonias (FIP) encompass a
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Figure 6. A 57-year-old female with pulmonary Langerhans cell histiocytosis. a-c¢) Initial axial chest CT images demonstrate
a combination of centrilobular nodules, cavitating nodules, and irregularly shaped cysts, predominantly involving the upper
and mid-lung zones. d-f) Axial chest CT images obtained seven years later show numerous thin-walled cysts with irregular
and bizarre shapes, along with advanced, upper lung—predominant confluent cystic destruction mimicking emphysema.

Figure 7. A 35-year-old male with Hermansky-Pudlak syndrome. a) Coronal and b-e) axial chest CT images demonstrate a
diffuse, basal-predominant reticular pattern, traction bronchiectasis, and ground-glass opacities, along with bibasilar honey-
combing.

heterogeneous group of fibrosing lung diseases oc- telomere-related genes such as TERT and TERC.*
curring in two or more family members, often linked Chest CT findings frequently overlap with sporadic
to genetic mutations in surfactant protein C (SFTPC), IPF, showing basal-predominant reticulation, traction

ATP-binding cassette transporter A3 (ABCA3), and bronchiectasis, and honeycombing consistent with



Ufuk

Differential Diagnosis in Rare Interstitial Lung Diseases through Radiological Hints

a UIP pattern. However, FIP may also demonstrate
nonspecific interstitial pneumonia (NSIP) features,
including ground-glass opacities and subpleural spar-
ing, particularly in younger individuals or those with
surfactant-related mutations. Imaging alone rarely
differentiates familial from sporadic disease; thus, a
combination of radiologic findings, family history of
ILD or premature hair graying, extrapulmonary fea-
tures (such as liver disease or bone marrow failure in
telomeropathies), and genetic testing is essential for
diagnosis (Figure 8). Serial CT imaging is often used
to monitor disease progression, as FIP can progress
more rapidly than nonfamilial forms.*3*

Pulmonary Amyloidosis

Pulmonary amyloidosis can manifest on CT in three
patterns: nodular, tracheobronchial, and diffuse in-
terstitial involvement.> The nodular form appears as
well-defined, often calcified parenchymal nodules,
which may be solitary or multiple and can occasional-
ly cavitate. The tracheobronchial pattern is character-
ized by irregular, nodular and circumferential thick-
ening of the tracheal and bronchial walls, sometimes

:

with luminal narrowing and calcification.’* The dif-
fuse interstitial form mimics other chronic infiltrative
processes, showing reticulation, septal thickening, and
GGOs, occasionally progressing to fibrotic distortion
(Figure 9).% On chest radiographs, nodular amyloido-
sis may present as multiple bilateral opacities, while
tracheobronchial involvement can be suggested by
airway narrowing or calcified plaques.**?® Recogniz-
ing these imaging patterns in the appropriate clinical
context is essential to prompt histologic confirmation
and exclude systemic amyloidosis, which frequently
coexists.

|gG4-Related Disease (IgG4-RD)

Thoracic IgG4-related disease (IgG4-RD) is both
common and notably heterogeneous on imaging.*’
High-resolution CT reveals multiple overlapping pat-
terns: peribronchovascular thickening, mediastinal
lymphadenopathy, parenchymal solid and ground-
glass nodules, interstitial changes, and pleural ab-
normalities (Figure 10). Specifically, peribroncho-
vascular involvement is seen in over half of cases,
often presenting alongside bronchial wall thickening

Figure 8. A 49-year-old male with short telomere syndrome. a-d) Axial chest CT images demonstrate basal-predominant

subpleural reticulation and traction bronchiectasis.
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Figure 9. A 58-year-old female with pulmonary amyloidosis. a-d) Axial chest CT images show multifocal irregular pulmo-
nary nodules with adjacent architectural distortion and cystic changes (arrows). Note the accompanying patchy ground-glass
opacities and reticulations.

Figure 10. A 60-year-old female with IgG4-related lung disease. a-d) Axial chest CT images demonstrate multifocal irregu-
lar solid pulmonary nodules (arrows), diffuse bronchial wall thickening, scattered patchy ground-glass opacities, and diffuse
pulmonary mosaicism.
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and traction bronchiectasis.’” Other notable findings
include multifocal solid nodules, sometimes with
spiculated or lobulated margins mimicking malignan-
cy, as well as round GGOs and diffuse ground-glass
patterns.”’?? A less frequent but distinctive manifes-
tation is fibrosing mediastinitis, where periaortic or
paravertebral mediastinal soft tissue thickening may
extend into structures like the pleura or pericardium.
Chest radiographs are often normal or reveal nonspe-
cific findings. The key to accurate diagnosis lies in
the combination of imaging patterns and histological
confirmation of storiform fibrosis with IgG4 plasma
cells.’”* Recognizing this radiological mosaic, espe-
cially in patients with appropriate serology or multi-
system involvement, is critical to differentiate IgG4-
RD from neoplastic, infectious, or fibrotic diseases.

Other Rare Causes of ILD

Rare multisystem diseases like Niemann-Pick disease
(especially type B) can involve the lungs, manifest-
ing on chest radiograph as a reticulonodular intersti-
tial pattern and on chest CT as smooth interlobular
and intralobular septal thickening, patchy GGOs, and
occasionally crazy-paving pattern in lower lobes. 4!
Niemann-Pick syndrome should be considered in chil-
dren or young adults when smooth septal thickening
is present in conjunction with hepatosplenomegaly.
Differential considerations include Gaucher disease,
which typically shows more prominent bone-marrow
infiltration, hepatosplenomegaly, GGOs and reticulo-
nodular opacities, and Erdheim-Chester disease, char-
acterized by peri-aortic soft tissue encasement (“coat-
ed aorta” appearance).*>#

Desquamative interstitial pneumonia (DIP) vari-
ants, often linked to smoking or environmental ex-
posures, are radiologically characterized by diffuse
GGOs, usually in a basal and peripheral distribution.
These can include subtle reticulation and small cysts
in about one-third of cases; chest radiographs typical-
ly show faint hazy opacities.”*

FUTURE PERSPECTIVES: ARTIFICIAL INTELLIGENCE
(AI) AND LARGE LANGUAGE MODELS (LLMs)

Artificial intelligence (Al) is transforming diagnostic
assessments in (ILD), with FDA-cleared tools (such
as Brainomix’s e-Lung and Imvaria’s ScreenDx) now
approved to quantify ILD extent on chest CT and flag
suspected disease.**® While these machine-learning
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models show promising correlations between lesion
volume and pulmonary function decline, and can as-
sist in prognosis stratification, current approvals re-
main limited to specific quantitative and screening
functions. Many such systems are FDA-cleared under
510(k) or DeNovo pathways and are intended for ad-
junctive use only, not autonomous diagnosis. More-
over, maintenance of regulatory compliance involves
rigorous pre-market validation and ongoing post-mar-
ket oversight, such as FDA-mandated predetermined
change control plans for evolving algorithms.*” Deep
learning techniques, ranging from convolutional neu-
ral networks to radiomics, can extract subtle imaging
biomarkers beyond visual detection. Zero-shot or
multimodal networks offer resistance against limited
annotated datasets by generalizing across underrepre-
sented ILD subtypes.*° Yet, most are still in research
phases and lack clearance for clinical deployment.

Large language models (LLMs) like GPT-4 can
streamline report generation, extract structured find-
ings, and suggest guideline-based follow-up. How-
ever, they are not FDA-cleared for diagnostic inter-
pretation. Their use in clinical workflows remains
predominantly for administrative and documentation
support. Integration challenges include explainability,
potential biases, data privacy concerns (e.g., HIPAA
compliance), and the absence of robust regulatory
pathways governing diagnostic decision-making Al
systems.*

In summary, while Al and LLM tools offer consid-
erable promise in enhancing radiologist efficiency and
consistency in ILD assessment, they should current-
ly be viewed as adjunctive aids, not replacements for
clinical judgment. Their deployment demands careful
navigation of regulatory constraints, validation re-
quirements, and ethical considerations.

CONCLUSION

In conclusion, this section highlights key imaging fea-
tures across rare ILDs and shows how these findings
can help guide accurate diagnosis (Table 1). Looking
ahead, future research should aim to validate advanced
imaging biomarkers, apply Al tools to less common
diseases, and combine genetic and molecular informa-
tion into decision-support systems. These efforts will
improve our understanding, reduce uncertainty, and
support more personalized approaches to managing
rare ILDs.
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Table 1. The summary of key radiological findings in rare interstitial lung diseases.

Disease Key Radiologic Features Diagnostic Clues
Pulmonary Alveolar Crazy—pav%ng pz}ttern (ground-glass opacities Mlld.—lower. zone bat-wing opacities,
o + septal thickening), sharply demarcated areas minimal air bronchograms, preserved
Proteinosis . .
with adjacent clear lung lung volumes
Pulmonary Alveolar ?}:{fﬁ;‘:;Sﬁieamlzzﬁgr?il;msrecigfggtl(‘):jra] Striking radiographic findings despite
Microlithiasis PP > S€P P mild symptoms

calcifications, black pleura sign, subpleural cysts

Acute Silicosis
(Silicoproteinosis)

Diffuse or posterior-predominant ground-glass
opacities, centrilobular nodules (some calcified),
patchy consolidation, crazy-paving (less
consistent), mediastinal lymph node calcification

Rapid progression after silica expo-
sure, history of intense occupational
inhalation

Birt-Hogg-Dubé Syndrome

Multiple thin-walled cysts, basally and medially
predominant, fusiform or lenticular shape, cysts
abutting septa or mediastinum

Fewer cysts (<50), spontaneous
pneumothorax, associated renal tumors
and skin lesions

Lymphangioleiomyomatosis

Numerous, diffusely distributed thin-walled
cysts of uniform size, preserved parenchyma,
chylous effusions, mild GGO

Women of reproductive age, renal
angiomyolipomas, elevated VEGF-D

Langerhans Cell
Histiocytosis

Upper/mid-lung centrilobular nodules evolving
to cavitated nodules and bizarre cysts, sparing of
costophrenic recesses

Nodular-to-cystic progression, smoking
history, spontaneous pneumothorax

Hermansky-Pudlak
Syndrome

Basal-predominant reticulation, traction
bronchiectasis, GGO, late-stage honeycombing

Oculocutaneous albinism, bleeding
diathesis, young age

Familial Interstitial

UIP pattern (reticulation, honeycombing,
traction bronchiectasis), possible NSIP features

Family history, telomere syndromes,
premature hair graying, liver/bone

Pneumonias (GGO, subpleural sparing) marrow dysfunction
Nodular (calcified nodules), tracheobronchial Known svstemic amvloidosis. airwa
Pulmonary Amyloidosis wall thickening/calcification, diffuse interstitial Y Y ’ Y

pattern (reticulation, septal thickening, GGO)

narrowing, histologic confirmation

IgG4-Related Disease

Peribronchovascular thickening, bronchial
wall thickening, solid nodules, diffuse GGO,
fibrosing mediastinitis

Elevated IgG4, multisystem
involvement, storiform fibrosis

Niemann-Pick Disease

(Type B)

Smooth septal thickening, patchy GGO, lower
lobe crazy-paving

Hepatosplenomegaly, lipid storage
disorder

Gaucher Disease

Diffuse GGO, septal thickening, small intersti-
tial nodules, mosaic attenuation

Splenomegaly, bone involvement,
enzyme deficiency

Desquamative Interstitial
Pneumonia

Diffuse basal and peripheral GGO, subtle reticu-
lation, occasional small cysts

Smoking history, macrophage-rich
alveolar filling, mild symptoms
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ABSTRACT

Pulmonary alveolar proteinosis (PAP) is a rare syndrome characterized by surfactant accumulation
within the alveoli, leading to impaired gas exchange and, in severe cases, respiratory failure. Once
regarded as idiopathic, PAP is now classified into autoimmune, secondary, hereditary, and congenital
forms based on distinct underlying mechanisms. Autoimmune PAP (aPAP), the most common type,
is mediated by GM-CSF autoantibodies that impair macrophage-mediated surfactant clearance. Sec-
ondary PAP is typically associated with hematologic malignancies or environmental exposures, while
hereditary and congenital types result from genetic defects affecting surfactant metabolism or GM-
CSF receptor function.

Despite a shared histopathological hallmark, clinical manifestations are heterogeneous, ranging from
asymptomatic cases to progressive dyspnea and hypoxemic respiratory failure. Diagnosis relies on
clinical suspicion supported by characteristic radiological findings, bronchoalveolar lavage (BAL) cy-
tology, and GM-CSF autoantibody testing. High-resolution CT often reveals the classic “crazy paving”
pattern, while milky BAL fluid with PAS-positive material is considered diagnostic in the appropriate
clinical context.

Whole lung lavage (WLL) remains the cornerstone of treatment, particularly for symptomatic patients,
and is strongly recommended in current guidelines. Inhaled GM-CSF has emerged as an effective
and noninvasive alternative for aPAP, with support from randomized controlled trials. Other options,
such as rituximab, plasmapheresis, or lung transplantation, may be considered in refractory cases. For
secondary and congenital PAP, no standardized treatment exists, and management primarily focuses on
treating the underlying condition and providing supportive care.

Prognosis varies depending on PAP subtype, disease severity, and treatment response. While sponta-
neous remission can occur, close follow-up is essential due to the risks of respiratory failure, infections,
and, in rare cases, fibrosis. Advances at the molecular level, novel therapies targeting cholesterol ho-
meostasis and macrophage function, and the expansion of international registries and PAP centers are
expected to improve diagnosis, treatment, and outcomes for this complex disease, while also enhancing
patient access to specialized care.

Keywords: Autoimmune PAP; Crazy paving; GM-CSF; Pulmonary alveolar proteinosis; Surfactant;
Whole lung lavage

OZET

Pulmoner alveoler proteinozis (PAP), alveoller iginde suirfaktan birikimi ile karakterize nadir bir send-
romdur. Surfaktan metabolizmasindaki bozukluklar ya da artmig suirfaktan tiretimi sonucu gelisen bu
durum gaz degisimini bozar ve ileri vakalarda solunum yetmezligine yol acabilir. Baglangicta idiopatik
olarak tanimlanan PAP, giiniimuizde altta yatan mekanizmalara gore primer (otoimmiin ve kalitsal), se-
konder ve konjenital formlar olarak smiflandirilmaktadir. En yaygin form olan otoimmiin PAP (aPAP),
makrofaj aracili surfaktan temizligini bozan GM-CSF otoantikorlar: araciligiyla gelisir. Sekonder PAP
genellikle hematolojik maligniteler veya ¢evresel maruziyetlerle iligkilidirken, kalitsal ve konjenital
formlar surfaktan metabolizmasi ya da GM-CSF reseptor fonksiyonunu etkileyen genetik bozukluklara
baglhidir.

Histopatolojik ozellikler benzer olsa da klinik bulgular olduk¢a degiskendir. Hastalar asemptomatik
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olabilecegi gibi ilerleyici dispne ve hipoksemik solunum yetmezligi ile bagvurabilirler. Tani, klinik stipheye ek olarak karakteristik radyolojik
bulgular, bronkoalveoler lavaj (BAL) sitolojisi ve GM-CSF otoantikor testleriyle konur. Yiiksek ¢ozunurlikli BT de tipik olarak alveoler dolum
ile iligkili buzlu cam dansitelerine intralobiler ve interlobiiler septalarin eslik ettigi “cilgin kaldirim tag1” (crazy paving) paterni gorulur. PAS
pozitif materyal iceren suitlit BAL s1vis1, uygun klinik baglamda tanisal kabul edilir.

Belirgin semptomlar1 olan hastalarda, guncel kilavuzlarin da guglu onerisiyle, tum akciger lavaji (TAL) temel tedavi yontemidir. Otoimmiin
PAP’ta, randomize kontrollii caligmalarla desteklenen inhaler GM-CSF, etkili ve invaziv olmayan bir tedavi segcenegi olarak one ¢ikmaktadir.
Rituksimab, plazmaferez veya akciger nakli gibi diger tedaviler, direngli olgularda dusuniilmektedir. Sekonder veya konjenital PAP i¢in standart
bir tedavi bulunmamaktadir. Bu nedenle yonetim, gerektiginde TAL ile altta yatan nedenin tedavisi ve destekleyici bakima odaklanir.

PAP’1n prognozu alt tip, hastalik siddeti ve tedavi yanitina gore degiskenlik gosterir. Bazi olgularda spontan remisyon gorulebilir; ancak solu-
num yetmezligi, enfeksiyonlar ve nadiren de olsa fibrozis riski nedeniyle yakindan izlem onemlidir. Molekuler duzeydeki gelismeler, kolesterol
homeostazi ve makrofaj fonksiyonunu hedefleyen yeni tedaviler, uluslararas: kayitlarin ve PAP merkezlerinin yayginlagsmasi karmagik hastali-
gin tani, tedavi ve sonuglarini iyilestirmeye, hastalarin uzmana ulagimini artirmaya katki saglayacaktir.

Anahtar Kelimeler: GM-CSF; Otoimmun PAP; Pulmoner alveoler proteinozis; Siirfaktan; Total akciger lavaji

CASE PRESENTATION smoking 22.5 pack.years, which she quit two months

prior to presentation. On physical examination, she
A 47-year-old woman presented to the outpatient clin-

ic in respiratory distress. She had no known chronic
medical conditions but reported progressively wors-
ening shortness of breath over the past six months.
Initially, dyspnea occurred only during long walks or

was visibly dyspneic, with peripheral cyanosis and
digital clubbing. Inspiratory crackles were audible be-
neath the left scapula on auscultation. Her oxygen sat-
uration on room air was 81%, and her pulse was 110

while climbing inclines, but more recently it had be- bpm. Recent chest CT imaging showed a diffuse al-

gun to occur indoors and even during conversation. A
newly developed productive cough with sticky spu-
tum was also noted. She had initially sought care at

veolar pattern (Figure 1). Flexible bronchoscopy was
performed, and bronchoalveolar lavage fluid (BALF)
had a characteristic milky appearance. Cytological ex-

a local health center where she was treated for pre- amination demonstrated strong periodic acid-Schiff
sumed acute bronchitis. Later, she was diagnosed with (PAS) positivity, consistent with a diagnosis of pulmo-
asthma and prescribed inhaler therapy. However, her nary alveolar proteinosis (PAP). Despite supplemental
symptoms persisted, and a thoracic computed tomog- oxygen, her saturation could only be maintained at
raphy (CT) performed at another facility revealed ab- 90%, and her respiratory distress persisted. Whole-
normalities that prompted referral to a tertiary center. lung lavage (WLL) was indicated; however, the near-

The patient, with no significant history of occu- est center where the procedure could be performed
pational exposure, had been engaged in embroidery was 470 km away. The patient, unwilling to travel,
work at home for the past year. She had a history of insisted on receiving treatment locally.

Figure 1. High-resolution computed tomography (HRCT) image demonstrating widespread interlobular septal thickening
accompanied by diffuse ground-glass opacities in both lungs, resulting in the characteristic “crazy paving” pattern.
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“I wasn’t disturbed when I was first diagnosed
with asthma as an explanation for the shortness of
breath I was experiencing. Asthma was a condition |
had heard about, something I roughly understood. But
then I was told that I actually had alveolar proteino-
sis, and my world fell apart. Learning that I had a
disease I had never even heard of was far more unset-
tling than having asthma. Especially because of all the

uncertainties...”

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a syndrome
characterized by the accumulation of surfactant with-
in the alveoli, which can progress to respiratory fail-
ure.!? The term syndrome is preferred over disease
because of the substantial heterogeneity in its under-
lying mechanisms, clinical manifestations, and natural
history.

In 1958, Rosen, Castleman, and Liebow published
a report describing 27 cases in which periodic ac-
id-Schiff (PAS)-positive lipoproteinaceous material
was found within the alveoli. This seminal work de-
fined PAP as a clinicopathological entity for the first
time. While the authors described typical findings of
progressive dyspnea and radiographic alveolar infil-
trates, they were unable to identify a clear underlying
mechanism, as no evidence of inflammation, fibrosis,
or neoplasia could be demonstrated.! Although hy-
potheses related to infections, lipid metabolism dis-
orders, and environmental exposures were later pro-
posed, the etiology remained elusive for decades. In
the 1990s, experimental models mimicking PAP led
to a major breakthrough in our understanding of the
disease. These studies identified the crucial role of
granulocyte—macrophage colony-stimulating factor
(GM-CSF) in surfactant homeostasis and clearance,
providing the first mechanistic insights into PAP
pathogenesis.’

In the early 2000s, what had previously been con-
sidered idiopathic PAP was reclassified as autoim-
mune PAP (aPAP) following the identification of GM-
CSF autoantibodies in bronchoalveolar lavage fluid
(BALF) from affected individuals, but not in healthy
controls or patients with other respiratory diseases.*
Although autoimmune PAP is now known to account
for the majority of cases, other PAP subtypes have
been described in association with hematologic ma-
lignancies (especially myelodysplastic syndromes),

inhalational exposures (such as silica, titanium, and
aluminum dust), and immunosuppressive therapies.>'?
The increasing availability of genetic studies in the
2000s also led to the identification of mutations affect-
ing surfactant homeostasis. These discoveries enabled
recognition of two distinct hereditary forms of PAP:
one due to impaired surfactant clearance and another
due to abnormal surfactant production, now classified
as congenital PAP."**'> Today, PAP is no longer regard-
ed as a single disease, but rather as a syndrome defined
by a shared histopathological hallmark, alveolar sur-
factant accumulation, with diverse etiologies. Based
on underlying mechanisms, PAP is broadly classified
into primary (autoimmune and hereditary), secondary,
and congenital forms. '

In this chapter, PAP will be reviewed in light of
current evidence, with an emphasis on evolving patho-
physiological insights and corresponding therapeutic
approaches. The case presented at the beginning of the
chapter will be revisited to illustrate key diagnostic
and management principles.

EPIDEMIOLOGY

As with many rare diseases, epidemiological data on
PAP are limited. In the 1990s, the estimated prevalence
was 1-3 cases per million, whereas more recent cohort
studies have reported a prevalence of 6-7 cases per
million individuals.!”** Although numerous publica-
tions have addressed PAP since its initial description,
the majority of earlier reports consisted of case pre-
sentations or small case series.” Recent cohort studies
from the United States and Japan have contributed to
the understanding of PAP epidemiology, though it has
been emphasized that diagnostic delays may limit the
accuracy of frequency estimates.'®!" To date, no sig-
nificant global or sociodemographic differences have
been identified in the prevalence of the disease. PAP
affects both children and adults across all ages, ethnic-
ities, and geographical regions. The disease appears
to occur independently of socioeconomic status.'t
However, a recent population-based study from Ko-
rea reported a PAP prevalence of 4.4 per million, with
a higher mean age at diagnosis and a lower male-to-
female ratio compared to Western populations. These
findings suggest that ethnicity may influence certain
demographic features of PAP.? Among environmen-
tal risk factors, cigarette smoking and silica dust ex-
posure are the most commonly reported associations.
Additional exposures include biomass smoke, nitro-
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gen dioxide, organic and inorganic dusts, aluminum,
cellulose fibers, titanium dioxide, and indium-tin ox-
ide. However, most of these exposures have been re-
ported in isolated case reports or small series.>!'%?!-%
Following the recognition of anti-GM-CSF autoanti-
bodies and the classification of aPAP, it has become
clear that aPAP accounts for more than 90% of all PAP
cases.'®!? Secondary PAP accounts for 5-10% of cas-
es, while hereditary PAP is responsible for less than
1%.124+%In a U.S. cohort study, congenital PAP due to
mutations in surfactant production genes was reported
in approximately 1.5% of patients, whereas no such
cases were identified in the Japanese cohort.'®!

Studies investigating mutations associated with
congenital PAP have reported widely varying esti-
mates. For example, ABCA3 (ATP-binding cassette
subfamily A member 3) deficiency is estimated to oc-
cur in approximately 1 in 3,000 live births annually,
whereas SP-B (surfactant protein B) deficiency is esti-
mated at 1 in 1.7 million.*

Although various disorders are thought to impair
the number or function of alveolar macrophages in sec-
ondary PAP, the most common cause is hematological
disease, particularly myelodysplastic syndromes. 62427

PATHOGENESIS

Surfactant plays a vital role in healthy lung function.
It reduces surface tension by forming a lipid-rich film
along the alveolar lining, thereby preventing alveolar
collapse (atelectasis) and reducing the work of breath-
ing. In addition, surfactant contributes to pulmonary
host defense by modulating the immune response to
inhaled pathogens.?®

The substance known as lipoproteinaceous ma-
terial, i.e., pulmonary surfactant, consists of approx-
imately 80% polar phospholipids (primarily satu-
rated phosphatidylcholine and, to a lesser extent,
other phospholipids), 10% neutral lipids (including
free cholesterol, triglycerides, and free fatty acids),
and 10% surfactant proteins (SP-A, SP-B, SP-C, and
SP-D).” Both deficient surfactant production and im-
paired surfactant clearance can result in significant
lung pathology. In PAP, abnormal accumulation of
surfactant in the alveoli occurs due to overproduction
and/or inadequate clearance.'?

Surfactant homeostasis depends on a delicate bal-
ance involving adequate production, secretion into
the alveolar space, and either recycling or catabolism.

29

Type II alveolar epithelial cells are responsible for
production, secretion, and partial reuptake, while al-
veolar macrophages play a key role in the clearance of
excess surfactant from the alveolar space.'® Disruption
of any part of this cycle can lead to PAP, and the clas-
sification of PAP is based on the underlying site and
mechanism of dysfunction.

Granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) is a cytokine produced by type II al-
veolar epithelial cells. Named for its ability to stim-
ulate neutrophil and macrophage colony formation,
GM-CSF binds to specific cell surface receptors and
activates intracellular signaling pathways. These in-
clude Janus kinase 2 (JAK2) and signal transducer
and activator of transcription 5 (STATS5), ultimately
promoting the terminal differentiation and functional
maturation of alveolar macrophages.-3

GM-CSF also plays a constitutive, dose-depen-
dent, and reversible role in regulating cholesterol ef-
flux from alveolar macrophages. In experimental mod-
els of impaired GM-CSF signaling, the primary defect
in lipid metabolism was not in surfactant phospholipid
degradation, but rather in the markedly reduced abil-
ity of macrophages to efflux cholesterol, resulting in
an increased cholesterol-to-phospholipid ratio in lung
surfactan.!®** The mechanistic links between disrupt-
ed GM-CSF signaling and PAP have been extensively
reviewed by Trapnell et al.'s

In relation to pathogenesis, PAP has three cathe-
gories, as mentioned above: Primary, secondary and
congenital.

Primary PAP

Most cases of PAP are due to impaired surfactant
clearance, typically resulting from defective GM-CSF
signaling, which leads to functional impairment of al-
veolar macrophages and neutrophils. This category is
collectively referred to as primary PAP.

e In aPAP, neutralizing autoantibodies against GM-
CSF block surfactant clearance by interfering with
macrophage maturation.

e In hereditary PAP, mutations in the genes encoding
the alpha or beta chains of the GM-CSF receptor
(CSF2RA or CSF2RB) impair GM-CSF signaling
at the receptor level.

Autoimmune PAP

A landmark discovery demonstrated that injecting
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GM-CSF autoantibodies isolated from PAP patients
into non-human primates reproduced PAP features.*
Subsequent studies confirmed that GM-CSF autoanti-
body levels are elevated in patients with autoimmune
PAP but not in individuals with secondary, congenital,
or hereditary PAP, nor in healthy controls.***” Howev-
er, since low levels of GM-CSF autoantibodies may
also be detected in healthy individuals, a diagnostic
cutoff of =10.2 pg/mL has been established, offering
100% sensitivity and specificity for the diagnosis of
aPAP.*6340 Importantly, no correlation has been found
between antibody levels and disease severity or activ-
ity 4!

These autoantibodies are polyclonal IgG, primari-
ly of the IgG1 and IgG2 subclasses, and bind multiple
distinct epitopes on the GM-CSF molecule. They neu-
tralize GM-CSF effectively at concentrations exceed-
ing physiological levels. Notably, therapeutic mono-
clonal anti-GM-CSF antibodies, used in the treatment
of autoimmune diseases such as rheumatoid arthritis,
have not been associated with the development of
PAP in any patient, despite large treatment cohorts.*?
This supports the notion that the polyclonal nature of
GM-CSF autoantibodies in aPAP reflects a complex
and broadly targeted immune response, involving the
use of multiple immunoglobulin variable region (V)
genes. 64

Furthermore, the targeting of multiple, non-over-
lapping epitopes suggests that the immune response in
aPAP is not the result of cross-reactivity with a foreign
antigen, but rather a primary response directed against
GM-CSF itself.*

Hereditary PAP

Hereditary PAP is caused by mutations in the genes
encoding the alpha or beta subunits of the GM-CSF
receptor (CSF2RA or CSF2RB), and it is inherited in
an autosomal recessive pattern.’>*46 Although rela-
tively few cases have been reported in the literature,
clinical presentation typically occurs during early
childhood, although asymptomatic or late-onset cases
have also been described. Although most patients are
diagnosed in childhood, there are cases of hereditary
PAP in young adults.!3144749

In a study evaluating nine children with CSF2RA
mutations from the Kids Lung Register, early-onset
disease was associated with a more severe clinical
phenotype. However, no clear correlation was found
between initial disease severity and long-term progno-

sis or genotype severity.'* Interestingly, even among
family members with identical mutations, clinical
presentation varied, suggesting that additional genetic
or environmental modifiers may influence disease ex-
pression, !>

Secondary PAP

Although the mechanisms by which surfactant accu-
mulates in the alveoli in secondary PAP are not fully
understood, the condition is believed to be associat-
ed with a reduction in the number and/or function of
alveolar macrophages due to underlying diseases or
exposures.'® Supporting this, animal models in which
alveolar macrophages were chemically depleted
demonstrated marked surfactant accumulation in the
alveoli.”!

Since secondary PAP is rare, most data are de-
rived from case reports and small case series.”810-5%54
In these reports, hematologic disorders, particularly
myelodysplastic syndromes, are the most frequently
identified underlying cause, accounting for approx-
imately 75% of cases.!'> In a case series and liter-
ature review by Zhang et al. (2018), secondary PAP
was attributed to hematologic malignancy in 70%
of patients, followed by solid organ transplantation
(10.4%), infections (7.9%; including M. tuberculosis,
nontuberculous mycobacteria, HIV, and Aspergillus),
autoimmune diseases (6.7%), non-hematologic malig-
nancies, and dust exposure.!!

In hematologic diseases, PAP may result from
impaired phagocytic clearance due to profound leu-
kopenia or disrupted immune function secondary to
hypergammaglobulinemia.> A case of PAP in a patient
with myelofibrosis was diagnosed following the de-
velopment of respiratory symptoms shortly after initi-
ation of ruxolitinib, with symptom improvement upon
discontinuation of the drug, highlighting the potential
role of medications in PAP pathogenesis in rare hema-
tologic conditions.*

In malignancy, the disease process or cytotoxic
chemotherapy may impair immune cell function and
distribution, thereby disrupting pulmonary phagocyt-
ic clearance and promoting PAP development.’’” One
report described coexisting metastatic melanoma and
PAP in a surgical lung biopsy specimen, suggesting
that altered macrophage function in the setting of pro-
gressive malignancy may play a role in surfactant ac-
cumulation.®
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PAP has also been reported in association with im-
munosuppressive therapy. The use of mTOR inhibitors
(e.g., everolimus, sirolimus), commonly prescribed
after solid organ transplantation, has been implicat-
ed in PAP development, with improvement following
drug withdrawal 3%

Infections may also impair macrophage function
and lead to secondary PAP. Tuberculosis is the most
frequently reported infectious trigger.! However, be-
cause infections such as M. tuberculosis, Nocardia,
and Aspergillus may develop in patients with existing
PAP, distinguishing infection as a precipitating factor
versus a complication can be challenging.® In such
cases, measurement of GM-CSF autoantibody levels
may help distinguish autoimmune from secondary
forms.

Among environmental exposures, silica is the
most well-established risk factor.! Experimental an-
imal studies have shown that silica disrupts surfac-
tant homeostasis.®%? Although acute silicoproteinosis
may occur after intense exposure, cases have become
increasingly rare due to improved awareness and oc-
cupational protection measures.!®$3 In a cohort of 70
patients, Bonella et al. reported that 90% had autoim-
mune PAP and 54% had a history of dust exposure,
including not only silica but also aluminum and saw-
dust.** A more comprehensive discussion of this rare
condition is provided in another chapter of the current
book.

Due to the absence of large registries, current data
remain limited, and most reports are based on individ-
ual cases. Exposures to titanium, cadmium, fiberglass
insulation, and other inhaled substances have also
been linked to PAP.!>226366 Although toxic inhalation
is a recognized cause of secondary PAP, it may also
trigger autoimmunity. For example, in one case of
PAP with occupational exposure to cement and paint,
elevated GM-CSF autoantibody levels suggested toxic
inhalation—induced autoimmune PAP.%’

Two workers exposed to indium-tin oxide in a
manufacturing plant were diagnosed with PAP; one
case was fatal, and indium was detected in lung tis-
sue. Both patients had elevated GM-CSF autoanti-
body levels.? In a Japanese autoimmune PAP cohort,
26% of patients reported dust exposure, supporting a
possible link between inhalational exposure and au-
toimmunity.'®* As awareness increases and GM-CSF
autoantibody testing becomes more widespread, it is

anticipated that the heterogeneity of secondary PAP
will diminish through improved classification.®

Congenital PAP

Congenital PAP is associated with mutations in genes
encoding surfactant proteins, SFTPB and SFTPC (en-
coding surfactant protein B and C, respectively), as
well as genes involved in surfactant metabolism, such
as ABCA3 (encoding ATP-binding cassette subfami-
ly A member 3), and transcriptional regulators such
as NKX2-1 (encoding thyroid transcription factor 1,
TTF1). Histopathological examination of lung tissue
from affected infants often reveals alveolar accumu-
lation of eosinophilic, lipoproteinaceous granular ma-
terial and associated fibrosis.®7' Although congenital
PAP typically presents in infancy or early childhood
with severe and sometimes fatal respiratory failure,
later-onset forms with milder symptoms have also
been described. The genetic basis, clinical spectrum,
and molecular mechanisms of congenital PAP have
been extensively reviewed by Trapnell et al.!

CLINICAL MANIFESTATIONS

Despite a shared histopathological hallmark, the clin-
ical presentation of PAP is highly variable. This vari-
ability reflects differences in the underlying cause,
classification subtype, and, where applicable, the spe-
cific gene mutation and its zygosity. While it is diffi-
cult to generalize the clinical features across all types
of PAP, cohort studies composed mostly of aPAP cases
suggest that the disease most commonly presents in
adults aged 40-50 years, with a male predominance
and a high prevalence of smoking history.>!82

Although some cases are diagnosed incidentally
during routine health screening in asymptomatic indi-
viduals, most patients present with progressive exer-
tional dyspnea. Accompanying symptoms may include
cough, sputum production, fatigue, and weight loss.
Cough is often dry, but gelatinous sputum may occur.
Symptoms such as fever, chest pain, and hemoptysis
are typically associated with superimposed infections
or underlying hematologic or malignant disease. The
extent of alveolar filling and overall disease severity
may result in hypoxemic respiratory failure. In addi-
tion to impaired gas diffusion, intrapulmonary shunt-
ing due to blood flow through non-ventilated alveoli
may contribute to refractory hypoxemia.”

Symptoms generally have an insidious onset, and



Getin

Pulmonary Alveolar Proteinosis

many patients report prolonged periods of illness be-
fore a definitive diagnosis is made.'®*® In contrast,
patients with congenital PAP (particularly those with
deleterious mutations) or PAP secondary to hemato-
logic diseases may present with acute respiratory dete-
rioration, potentially progressing to respiratory failure
and death.'

Physical examination is often unremarkable. Bilat-
eral, nonspecific crackles may be audible on ausculta-
tion. Notably, despite extensive radiological involve-
ment, breath sounds may appear normal. This may be
attributed to reduced alveolar ventilation caused by
intra-alveolar accumulation of material, which pre-
vents the generation of pathological sounds typically
originating from the alveolar regions. Digital clubbing
and peripheral or central cyanosis are reported in ap-
proximately 25-30% of cases.>'s"

DIAGNOSIS

Diagnosis of PAP is challenging due to its rarity,
nonspecific symptoms, subtle physical findings, and
variable clinical course. Limited awareness among
clinicians further contributes to delayed recognition.
A detailed clinical history, systematic physical exam-
ination, and appropriate radiological assessment are
key to raising clinical suspicion. Routine laboratory
investigations are generally unremarkable and do not
provide specific diagnostic markers. Hematological
abnormalities may suggest an underlying hematologic
disorder and prompt further evaluation.

In patients with compatible clinical and radiologi-

cal findings, bronchoalveolar lavage (BAL) can often
establish the diagnosis. When typical BAL findings
are absent, more invasive procedures, such as lung bi-
opsy, may be required.”

Laboratory Findings

Routine blood tests in PAP are typically within nor-
mal limits. Although nonspecific, elevated lactate de-
hydrogenase (LDH) is found in approximately half of
patients.> A number of nonspecific biomarkers have
been explored for their potential association with dis-
ease severity, including:

e Tumor markers: Carcinoembryonic antigen (CEA),
Carbohydrate antigen 19-9 (CA 19-9), CYFRA 21-
1, and neuron-specific enolase (NSE)

* Lung epithelium-derived proteins: Mucin, KL-6,
SP-A, SP-B, and SP-D

e Inflammatory mediators: Chemokines (e.g., CCL-
2) and chitinase 3-like protein 1 (YKL-40)

Although these markers show correlation with dis-
ease severity, further research is needed to validate
their diagnostic and prognostic utility.”

Radiological Features

Initial radiological evaluation in suspected PAP cases
is typically performed with a chest X-ray, which often
reveals bilateral alveolar opacities predominantly in
the mid-to-lower zones with a perihilar distribution,
producing the characteristic “bat-wing” appearance.’
(Figure 2). A normal chest X-ray does not exclude the

Figure 2. Bilateral alveolar opacities resembling “bat-wing” patterns are observed in both chest radiographs, predominantly
in the mid-to-lower lung zones and perihilar regions, with varying degrees of involvement.

32
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diagnosis, nor are bilateral opacities specific to PAP.
Therefore, additional imaging is usually required, and
high-resolution computed tomography (HRCT) fre-
quently provides essential diagnostic clues.'®

The hallmark finding on HRCT is ground-glass
opacities resulting from alveolar filling. These are
usually bilateral and often accompanied by thickened
intra- and interlobular septa, forming a polygonal pat-
tern that resembles cobblestone pavement, a radiolog-
ical pattern known as “crazy paving”.’¢7® Although
initially described in PAP, crazy paving is not pathog-
nomonic and may also be seen in a wide range of oth-
er pulmonary conditions.” Subpleural sparing, when
present, is considered a supportive feature, although
it is not universally observed.” Rarely, interstitial pat-
terns, nodules, or fibrotic changes may be noted on
imaging.”’

In secondary PAP, isolated ground-glass opacities
are more common, while the crazy paving pattern and
subpleural sparing are less frequently observed.’"

Despite the relatively well-characterized imaging
features of PAP, they are not specific, and a compre-
hensive differential diagnosis should be considered.
Similar findings may occur in Pneumocystis jirovecii
pneumonia, mycobacterial infections, COVID-19,
pulmonary edema, lipoid pneumonia, acute eosino-
philic pneumonia, acute interstitial pneumonia, al-
veolar hemorrhage, drug-induced lung disease, and
pulmonary adenocarcinoma.® In such cases, clinical
context, supporting laboratory findings, and BALF
analysis are critical for differentiation.

Radiological overlap with infectious diseases may
also complicate the interpretation in patients already
diagnosed with PAP, potentially leading to unneces-
sary infection diagnoses or precautionary measures.
During the COVID-19 pandemic, radiologic similar-
ities contributed to delays in referral and challenges
in performing whole-lung lavage (WLL) for some pa-
tients.3!

Pulmonary Function Tests

Pulmonary function tests (PFTs) may be normal in the
early or mild stages of PAP. However, findings typi-
cally resemble those of other interstitial lung diseas-
es, with a restrictive ventilatory defect characterized
by reductions in forced vital capacity (FVC) and total
lung capacity (TLC).>'® Diffusing capacity for carbon
monoxide (DLco) is frequently decreased and cor-

relates with disease severity.? Notably, a decline in
DLco has been observed even in patients with normal
spirometry.>

The alveolar-arterial oxygen gradient, which re-
flects impaired gas exchange at the alveolar level, is
typically increased and is considered a reliable indi-
cator of disease severity.? Resting hypoxemia and ex-
ercise-induced oxygen desaturation are also important
parameters, particularly in guiding therapeutic deci-
sion-making.">**

Bronchoalveolar Lavage (BAL)

Following clinical and radiological assessment, bron-
choscopic procedures, particularly bronchoalveolar
lavage (BAL), represent a key diagnostic step in pa-
tients with suspected PAP. BAL allows for sampling
of the cellular and acellular components of distal air-
ways and alveoli with relatively low risk and technical
simplicity.®

Macroscopically, BALF often appears milky and
opaque, with visible sediment, findings considered
highly suggestive of PAP. Cytological examination
typically reveals the following features:!¢%2

e Acellular globules that appear basophilic with
May-Grunwald-Giemsa or periodic acid-Schiff
(PAS) staining

* Foamy alveolar macrophages that appear red with
oil-red-O staining

e Abundant cellular debris weakly staining with
PAS.

When clinical and radiologic findings are consis-
tent and accompanied by typical BALF features, a
definitive diagnosis of PAP can be made.®* Although
open lung biopsy was once considered the diagnostic
gold standard, its necessity has declined over time.?

In patients undergoing bronchoscopy, transbron-
chial lung biopsy (TBLB) from a different segment
may provide additional diagnostic yield. However, a
significant proportion of patients are diagnosed with
BAL alone, estimated at 75% in a 2002 review and
83% in a 2011 cohort of 70 patients.>** In a more re-
cent study of 150 patients by Azuma et al., BAL alone
was diagnostic in 90.7%, and when combined with
TBLB, the yield increased to 98.8%.%

Beyond diagnosis, BAL plays a crucial role in
detecting secondary infections, which are associated
with worse prognosis and increased mortality. Oppor-
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tunistic infections, including Nocardia, mycobacteria,
and fungi, should be specifically investigated, and
BALF should be sent for both cytological and micro-
biological analysis.’*#

In the 2024 ERS guideline, BAL is recommend-
ed as the initial diagnostic step in suspected PAP.
Depending on the results, further testing, including
serum GM-CSF autoantibodies, genetic analysis, and
additional laboratory studies, may be pursued. Lung
biopsy is reserved for cases with inconclusive findings
and is not recommended for routine diagnosis due
to its higher complication risk and limited value in
patchy disease distribution.®

GM-CSF Autoantibody Testing

In confirmed PAP cases, or in patients with suspected
PAP in whom BAL is inconclusive or cannot be per-
formed, the next step is testing for GM-CSF autoanti-
bodies. A serum GM-CSF autoantibody concentration
of =10.2 pg/mL is 100% sensitive and specific for the
diagnosis of aPAP.**% 1t is critical to report the con-
centration, not merely the presence of the antibody.*

As a blood test, it is easy to perform and can elim-
inate the need for lung biopsy.**3* Understanding the
role of GM-CSF in PAP pathogenesis has also led to
the development of inhaled GM-CSF therapy, making
this test valuable not only for diagnosis but also for
guiding treatment. As a result, many experts now rec-
ommend serum GM-CSF autoantibody measurement
as the first-line test in suspected PAP. However, its
availability is limited to a few laboratories worldwide,
which restricts its use. Establishing international col-
laborations with PAP centers is essential to overcom-
ing this limitation.

Additional Diagnostic Tests

In PAP patients with negative GM-CSF autoantibody
results, the next step is evaluation for secondary caus-
es.®? Secondary PAP has a distinct clinical profile and
worse prognosis compared to primary or congenital
forms. In particular, hematologic disorders associated
with secondary PAP carry a higher risk of opportunis-
tic infections and shorter survival.!! Recognizing the
underlying disease is crucial, especially when patients
with hematologic disorders present with new respira-
tory symptoms.

If a causative condition is identified, the case is
classified as secondary PAP. If no secondary cause is

found, hereditary or congenital forms should be con-
sidered. In such cases, serum GM-CSF levels should
be measured. Elevated serum GM-CSF, along with
impaired signaling, indicates receptor dysfunction,
and genetic testing for CSF2RA and CSF2RB muta-
tions confirms hereditary PAP.#647:83

In patients with normal GM-CSF levels, genetic
testing for surfactant protein gene mutations (SFTPB,
SFTPC, ABCA3, NKX2-1) should be performed to di-
agnose congenital PAP.%

In a small subset of patients where diagnosis re-
mains inconclusive despite exhaustive testing, surgical
lung biopsy may be considered. If the histopathology is
consistent with PAP but classification remains unclear,
the condition is designated as unclassifiable PAP.*

TREATMENT

Management of PAP varies depending on disease se-
verity and underlying etiology. The treatment spec-
trum ranges from watchful waiting in asymptomatic
autoimmune PAP patients, to pharmacological, genet-
ic, or cell-based therapies targeting disease pathogene-
sis in some primary or secondary PAP forms, and even
to lung transplantation in cases progressing to end-
stage respiratory failure.

Patients who are asymptomatic or mildly symp-
tomatic, without physiological impairment or with
only mild hypoxemia, do not require urgent interven-
tion. These patients can be managed through periodic
reassessment of symptoms, oxygen saturation moni-
toring, pulmonary function tests, and imaging when
necessary. Spontaneous remission has been reported
in this group.’>% For patients with moderate to severe
symptoms or respiratory failure, the mainstay of treat-
ment since the disease was first described has been the
WLL, which aims to physically remove the accumu-
lated material from the alveolar space. Treatment goals
include symptom control, improved oxygenation, and
enhanced quality of life.'s

All patients should receive supportive care similar
to that for other chronic lung diseases, including vac-
cination, smoking cessation counseling, and long-term
oxygen therapy when indicated.®> While evidence on
the efficacy of pulmonary rehabilitation (PR) in PAP is
limited, its safety and feasibility make it a promising
area for further research. A case of a PAP patient who
benefited from PR is discussed in another chapter in
this book, focusing on PR in rare ILDs.
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Whole Lung Lavage (WLL)

Although procedural modifications and variations
exist, the fundamental principle of WLL involves
repetitive instillation and drainage of warmed saline
until the accumulated lipoproteinaceous material is
removed from the alveoli.’”®

Indications for WLL include moderate-to-severe
symptoms, desaturation at rest, exertional dyspnea
limiting daily activities, arterial hypoxemia or an alve-
olar-arterial oxygen gradient >40 mmHg, and progres-
sive parenchymal abnormalities on CT.”* Although
treatment of the underlying cause is the priority in sec-
ondary PAP, WLL can be performed in all symptom-
atic patients, both children and adults.'*7>33 Perioper-
ative preparation and anticoagulant management are
similar to those for bronchoscopy. General contrain-
dications include cardiac instability and uncorrectable
coagulopathy. WLL should not be performed in the
presence of active pulmonary infection due to the risk
of widespread infection, sepsis, and shock.*

The procedure is performed under general anesthe-
sia with double-lumen intubation. While one lung is

ventilated, warmed saline is instilled into the non-ven-
tilated lung and drained passively through a closed
circuit (Figure 3). The more severely affected lung is
typically targeted first. Proper tube positioning must
be confirmed and secured. Although various patient
positions have been proposed, the supine position is
most commonly used and considered safest.*’

During the procedure, the patient’s position may
be slightly adjusted (e.g., Trendelenburg positioning),
and percussion maneuvers are often applied, manually
or using external devices like a surgical wrap or chest
vest.%% The lavage usually involves instilling 500-
1000 mL of saline per cycle. After saline is instilled
into the lung (typically visible as backflow in the en-
dotracheal tube), passive drainage is initiated under
the influence of gravity. During both the instillation
and drainage phases, position adjustments and percus-
sion maneuvers can be used to facilitate distribution
and clearance. Although suctioning is not routinely
employed during the drainage phase, it may be used
intermittently when passive drainage is insufficient—
such as in cases of fluid stagnation or suspected block-
age.”! Rapid infusion devices may reduce procedure

Figure 3. This figure presents actual images captured during the sequential stages of whole lung lavage (WLL). Under
general anesthesia, a double-lumen endotracheal tube is placed, and the lumen leading to the lung designated for lavage is
clamped. Tube placement is confirmed bronchoscopically. Once correct positioning is verified, warmed saline is instilled into
the occluded lung. When fluid becomes visible within the tube, the saline instillation is paused, and the circuit is redirected
into a collection container positioned below the patient, allowing passive drainage by gravity. During both the instillation
and drainage phases, the patient bed may be repositioned, and manual percussion or mechanical vibration techniques can be

employed to enhance fluid distribution and clearance.
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time and improve saline distribution but carry risks of
barotrauma or hydro-pneumothorax.” As lavage pro-
ceeds, the initially turbid, sediment-rich return fluid
becomes progressively clearer (Figure 4). While there
is no universally agreed volume, recommendations
include 250 mL/kg or 30-50 mL/kg per lung.**** The
process is often continued until the effluent appears
visually clear or until the optical density falls below
0.4.% At the end of the final instillation-drainage cy-
cle, remaining saline may be aspirated. It is important
to monitor the volume of fluid instilled and retrieved
throughout the procedure. The majority of the instilled
saline is expected to be recovered. A fluid loss exceed-
ing 1000 mL may suggest leakage into the contralater-
al lung or pleural space.** Recruitment maneuvers are
used when both lungs are reopened to ventilation to
prevent atelectasis.”® Switching to a single-lumen tube
and aspirating residual fluid using a fiberoptic bron-
choscope may also be considered.®” In patients with
advanced disease and respiratory failure, WLL can be
performed under extracorporeal membrane oxygen-
ation (ECMO) support.* While simultaneous bilateral
WLL has been reported, the more common practice is
sequential unilateral lavage, typically starting with the
more affected lung, followed 1-2 weeks later by the
contralateral side.*

Although no randomized controlled trials exist to
definitively confirm its efficacy and safety, WLL is
currently accepted as the standard of care. A large co-
hort study demonstrated a significantly higher 5-year
survival rate in patients treated with WLL (94% + 2 vs.

85% + 5; n=146 and 85; P=0.04).> Numerous studies
also support improvements in respiratory symptoms.
The most recent ERS guideline strongly recommends
WLL for patients with clinical and/or functional im-
pairment due to PAP.* Though generally considered
safe, WLL may be associated with complications such
as hypoxemia, fever, fluid leakage, pneumothorax, hy-
dro-pneumothorax, pneumonia, ARDS, and sepsis.*
A multidisciplinary team, including pulmonologists,
anesthesiologists, intensivists, and cardiothoracic
surgeons when needed, is essential for optimal out-

comes.”

Post-WLL clinical course is variable. Some pa-
tients achieve disease stabilization after one or a few
procedures, while others may require repeated lavag-
es. Patients who smoke tend to require more frequent
WLLs compared to non-smokers. %53

Pharmacological Treatments

There are a few treatment options other than WLL,
though their availability and effectiveness may vary.

Exogenous GM-CSF

Following the recognition of the pathogenic role of
GM-CSF autoantibodies in PAP, studies have explored
the use of recombinant GM-CSF therapies. Although
patient numbers are limited, both randomized con-
trolled and numerous observational studies have high-
lighted the efficacy and safety of inhaled GM-CSF in
confirmed aPAP cases. Subcutaneous GM-CSF has

Figure 4. In whole lung lavage (WLL), the initially turbid and sediment-rich effluent gradually becomes clearer with each
instillation-drainage cycle. The procedure is typically continued until the return fluid appears macroscopically clear, ensuring

effective removal of intra-alveolar material.
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also shown favorable outcomes in fewer reports.’s-1%¢

In the Pulmonary Alveolar Proteinosis GM-CSF In-
halation Efficacy (PAGE) trial, inhaled GM-CSF was
administered once daily for seven days, then biweekly
for 24 weeks. Improvements in the alveolar-arterial
gradient and imaging findings were noted, although
clinical parameters remained unchanged. Effective-
ness was lower in smokers, possibly due to airway
remodeling and mucus affecting drug distribution.”®
In the Inhaled Molgramostim for Autoimmune Pul-
monary Alveolar Proteinosis (IMPALA) trial, pa-
tients with severe symptoms initially received daily
GM-CSF, which was then continued either continu-
ously or biweekly and compared to placebo. Similar
to PAGE, significant improvements were observed in
A-a02 gradient and imaging, especially in the con-
tinuous treatment group. Symptom improvement was
noted on the St. George’s Respiratory Questionnaire,
although there was no change in six-minute walk test
(6MWT) results or WLL requirements.”” The optimal
duration of therapy remains unclear, and the long-term
efficacy is currently being evaluated in the ongoing
IMPALA-2 study.

Due to its noninvasive nature, ease of use, and the
growing body of evidence, inhaled GM-CSF is strong-
ly recommended in the most recent guideline.® It may
help avoid or delay WLL, a costly intervention requir-
ing general anesthesia and hospitalization. Especially
in patients needing repeated WLLs, inhaled GM-CSF
may prolong stability and offer a safer, more cost-ef-

fective alternative.'®’

Rituximab

Only a few small studies have evaluated rituximab, an
anti-CD20 monoclonal antibody, in aPAP. In patients
with refractory symptoms despite WLL and GM-
CSF, rituximab showed improvements in DLCO and
6MWT and was generally well tolerated.'*'” How-
ever, due to the limited and low-quality evidence, its
use is conditionally recommended only in refractory
aPAP.®

Other Interventions

Data on plasmapheresis are limited to case reports,
and the level of evidence supporting its effectiveness
remains low. Nevertheless, for patients with confirmed
autoimmune PAP who continue to experience signifi-
cant symptoms or require ongoing oxygen or repeated

WLL despite GM-CSF and rituximab, it is listed as a
conditional recommendation.®?

Lung transplantation is also conditionally recom-
mended in cases of refractory PAP, particularly when
unresponsive to WLL and pharmacotherapy.®* Given
the high mortality and lifelong treatment needs in
therapy-resistant PAP, lung transplantation may be a
viable alternative regardless of fibrosis status.'® Fur-
ther details on this topic are provided in the relevant
chapter of this book.

Emerging therapies are focusing on genetic and
statin-based approaches. Gene-targeted treatments
aiming to restore macrophage function may hold
promise, particularly for hereditary PAP.'” Given the
recognized role of cholesterol homeostasis in PAP,
research into reducing intracellular cholesterol ac-
cumulation has increased. Several reports describe
improved lung function, oxygenation, and radiologic
findings with statin use in autoimmune PAP."°

Immunosuppressive therapies, particularly corti-
costeroids, have been tried in aPAP but are not recom-
mended due to lack of benefit and increased suscepti-
bility to opportunistic infections, which may worsen
outcomes.'!!

Most therapeutic studies have been conducted in
aPAP. There is still no established optimal therapy for
secondary, hereditary, or congenital PAP. WLL re-
mains the primary treatment based on disease severity.
Supportive care is essential, and management of the
underlying cause is required in secondary PAP. Case
reports describe improvement following treatment of
hematologic disorders or with WLL.!? Non-myeloab-
lative hematopoietic stem cell transplantation (HSCT)
has been combined with WLL in familial MDS and
may be a therapeutic option in hereditary PAP with
GM-CSF receptor defects.!'2!13

PROGNOSIS AND FOLLOW-UP

Prognosis in PAP varies according to etiology, disease
severity, and response to treatment. Clinical courses
include spontaneous remission, stable disease, remis-
sion/stability with WLL and/or pharmacotherapy, and
refractory disease.” Although predictive factors for
disease trajectory are not well defined, a recent global
cohort study reported that patients with more severe
symptoms had poorer prognoses. The overall mortal-
ity was 9.5%, with 46% of deaths related to respira-
tory failure and 18% to pulmonary infections. WLL
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was shown to improve survival.!'* While pulmonary
fibrosis is rarely reported, its presence is associated
with poor outcomes.!''> Among the heterogeneous PAP
subtypes, secondary PAP is linked to worse long-term
survival. This is particularly true in hematologic con-
ditions, where the risks of infection and bleeding are
higher.!-14

In summary, careful and structured follow-up is as
crucial as treatment. Monitoring for respiratory fail-
ure, infections, and fibrosis, factors associated with in-
creased mortality, is essential. Vaccination and routine
microbiological screening during WLL should not be
overlooked. Smoking cessation improves both disease
prognosis and response to WLL, and should be ad-
dressed at every follow-up visit.

CASE ANALYSIS

Although the patient exhibited severe symptoms and
respiratory failure indicating a clear need for WLL,
the nearest center capable of performing the proce-
dure was geographically distant. Considering the
patient’s insistence and clinical status, preparations
were initiated to perform WLL at the local hospital
by the pulmonology and anesthesiology team. After
undergoing relevant training, a multidisciplinary team
was formed, in addition to pulmonolgist, specialists in
anesthesia, intensive care, and thoracic surgery, and
WLL was successfully performed without complica-
tions. A total of five WLLs were performed, and the
patient has remained symptom-free for over 10 years.
Following this successful experience and with more
patients presenting from the region, 14 patients have
since been followed at the center, and 48 WLL proce-
dures have been conducted.

REFERENCES

1. Rosen SH, Castleman B, Liebow AA. Pulmonary alve-
olar proteinosis. N Engl J Med. 1958;258(23):1123-42.
doi:10.1056/NEIM195806052582301. https://pubmed.
ncbi.nlm.nih.gov/13552931

2. Seymour JF, Presneill JJ. Pulmonary alveolar proteinosis:
progress in the first 44 years. Am J Respir Crit Care Med.
2002;166(2):215-5.  doi:10.1164/rccm.2109105.  https://
pubmed.ncbi.nlm.nih.gov/13552931

3. Dranoff G, Crawford AD, Sadelain M, Ream B, Rashid A,
Bronson RT, et al. Involvement of granulocyte-macrophage

colony-stimulating factor in pulmonary homeostasis. Sci-

As patient numbers increased, the center initiated
collaboration with an international PAP center to en-
able GM-CSF testing. The diagnosis of aPAP was con-
firmed in the index case in University of Cincinnati,
with a GM-CSF autoantibody level of 289.9 mcg/mL.
As with other rare diseases, limited access to expert
centers for PAP poses challenges for both patients and
clinicians. Strategies to increase the number of qual-
ified centers and improve access to WLL, the current
cornerstone of PAP management, should be priori-
tized. The story of the patient, titled “Lesson Behind
Success”, has been published in a book. !¢

CONCLUSION

PAP is a rare and distinct disease characterized by sur-
factant accumulation in the alveoli, presenting with
variable symptoms and clinical courses. Over the 70
years since its first description, our understanding of
PAP has significantly advanced, particularly regarding
its pathogenesis and treatment options. WLL, which
has long been the cornerstone of therapy, remains a
successfully applied intervention, with ongoing re-
finements to its technique. Recognition of the role of
GM-CSF in the disease mechanism has paved the way
for exogenous GM-CSF therapies, which have shown
promise in reducing the need for WLL. In addition,
recent insights into cholesterol metabolism and ge-
netic mutations have laid the foundation for future
therapies, offering hope for novel treatment strategies.
These advancements have been made possible through
data sharing and the growth of registries. Further in-
ternational collaborative studies and robust registries
are essential to illuminate the complex landscape of
PAP and take us beyond our current understanding.

ence. 1994;264(5159):713-6. doi:10.1126/science.8171324.
https://pubmed.ncbi.nlm.nih.gov/8171324

4. Kitamura T, Tanaka N, Watanabe J, Uchida, Kanegasaki S,
Yamada Y, et al. Idiopathic pulmonary alveolar proteinosis
as an autoimmune disease with neutralizing antibody against
granulocyte/macrophage colony-stimulating factor. J Exp
Med. 1999;190(6):875-80.  doi:10.1084/jem.190.6.875.
https://pubmed.ncbi.nlm.nih.gov/10499925

5. Carnovale R, Zornoza J, Goldman AM, Luna M. Pulmo-
nary alveolar proteinosis: its association with hematologic
malignancy and lymphoma. Radiology. 1977;122(2):303-


https://pubmed.ncbi.nlm.nih.gov/13552931
https://pubmed.ncbi.nlm.nih.gov/13552931
https://pubmed.ncbi.nlm.nih.gov/13552931
https://pubmed.ncbi.nlm.nih.gov/13552931
https://pubmed.ncbi.nlm.nih.gov/8171324
https://pubmed.ncbi.nlm.nih.gov/10499925

Getin

Pulmonary Alveolar Proteinosis

10.

11.

12.

13.

14.

15.

16.

6. doi:10.1148/122.2.303.
2ov/834862

Patiroglu T, Akyildiz B, Patiroglu TE, Gulmez I'Y. Recurrent
pulmonary alveolar proteinosis secondary to agammaglobu-
linemia. Pediatr Pulmonol. 2008:43(7):710-3. doi:10.1002/
ppul.20818. https://pubmed.ncbi.nlm.nih.gov/18496859
Shoji N, Ito Y, Kimura Y, Nishimaki J, Kuriyama Y, Tauchi
T, et. Pulmonary alveolar proteinosis as a terminal com-
plication in myelodysplastic syndromes: a report of four
cases detected on autopsy. Leuk Res. 2002;26(6):591-5.
doi:10.1016/s0145-2126(01)00178-3. https://pubmed.ncbi.
nlm.nih.gov/12007507

Schiller V, Aberle DR, Aberle AM. Pulmonary alveolar
proteinosis. Occurrence with metastatic melanoma to lung.
Chest.  1989;95(2):466-7.  doi:10.1378/chest.95.2.466.
https://pubmed.ncbi.nlm.nih.gov/2914503

Shimizu Y, Matsuzaki S, Dobashi K, Yanagitani N, Satoh
T, Koka M, et al. Elemental analysis of lung tissue particles
and intracellular iron content of alveolar macrophages in
pulmonary alveolar proteinosis. Respir Res. 2011;12(1):88.
doi:10.1186/1465-9921-12-88.
nih.gov/21718529

Gacouin A, Le Tulzo Y, Suprin E, Briens E, Bernard M,
Camus C, et al. Acute respiratory failure caused by second-
ary alveolar proteinosis in a patient with acute myeloid leu-
kemia: a case report. Intensive Care Med. 1998;24(3):265-
7. doi:10.1007/s001340050563. https://pubmed.ncbi.nlm.
nih.gov/9565812

Zhang D, Tian X, Feng R, Guo X, Wang P, Situ Y, et al.
Secondary pulmonary alveolar proteinosis: a single-center
retrospective study (a case series and literature review).
BMC Pulm Med. 2018;18(1):15. doi:10.1186/s12890-018-
0590-z. https://pubmed.ncbi.nlm.nih.gov/29368649

Miller RR, Churg AM, Hutcheon M, Lom S. Pulmo-
nary alveolar proteinosis and aluminum dust exposure.
Am Rev Respir Dis. 1984;130(2):312-5. doi:10.1164/
arrd.1984.130.2.312. https://pubmed.ncbi.nlm.nih.
20v/6465685

Tanaka T, Motoi N, Tsuchihashi Y, Tazawa R, Kaneko C,
Nei T, et al. Adult-onset hereditary pulmonary alveolar pro-
teinosis caused by a single-base deletion in CSF2RB. J Med
Genet. 2011;48(3):205-9. doi:10.1136/jmg.2010.082586.
https://pubmed.ncbi.nlm.nih.gov/21075760

Hildebrandt J, Yalcin E, Bresser HG, Cinel G, Gappa M,
Haghighi A, et al. Characterization of CSF2RA mutation
related juvenile pulmonary alveolar proteinosis. Orphanet
J Rare Dis. 2014;9:171. doi:10.1186/s13023-014-0171-z.
https://pubmed.ncbi.nlm.nih.gov/25425184

Martinez-Moczygemba M, Doan ML, Elidemir O, Fan LL,
Cheung SW, Lei JT, et al. Pulmonary alveolar proteino-
sis caused by deletion of the GM-CSFRalpha gene in the
X chromosome pseudoautosomal region 1. J Exp Med.
2008;205(12):2711-6. doi:10.1084/jem.20080759. https://
pubmed.ncbi.nlm.nih.gov/12939344

Trapnell BC, Nakata K, Bonella F, Campo I, Griese M,
Hamilton J, et al. Pulmonary alveolar proteinosis. Nat Rev

https://pubmed.ncbi.nlm.nih.

https://pubmed.ncbi.nlm.

39

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Dis Primers. 2019;5(1):16. doi:10.1038/s41572-019-0066-
3. https://pubmed.ncbi.nlm.nih.gov/30846703

Ben Dov I, Kishinevski Y, Roznman J, Soliman A, Bisha-
ra H, Zelligson E, et al. Pulmonary alveolar proteinosis in
Israel: ethnic clustering. Isr Med Assoc J. 1999;1(2):75-8.
https://pubmed.ncbi.nlm.nih.gov/10731299

. Inoue Y, Trapnell BC, Tazawa R, Arai T, Takada T, Hizawa

N, et. al. Characteristics of a large cohort of patients with
autoimmune pulmonary alveolar proteinosis in Japan. Am
J Respir Crit Care Med. 2008;177(7):752-62. doi:10.1164/
rccm.200708-12710C.
2ov/18202348
McCarthy C, Avetisyan R, Carey BC, Chalk C, Trapnell
BC. Prevalence and healthcare burden of pulmonary al-
veolar proteinosis. Orphanet J Rare Dis. 2018;13(1):129.
doi:10.1186/513023-018-0846-y. https://pubmed.ncbi.nlm.
nih.gov/30064481

Yoon HY, Kim JH, Kim YJ, Song JW. Pulmonary alveolar
proteinosis in Korea: analysis of prevalence and incidence

https://pubmed.ncbi.nlm.nih.

via a nationwide population-based study. BMC Pulm Med.
2020;20(1):34. doi:10.1186/s12890-020-1074-5.  https:/
pubmed.ncbi.nlm.nih.gov/32028922

Davidson JM, Macleod WM. Pulmonary alveolar pro-
teinosis. Br J Dis Chest. 1969;63(1):13-28. doi:10.1016/
s0007-0971(69)80040-9.
20v/4886263

Keller CA, Frost A, Cagle PT, Abraham JL. Pulmonary
alveolar proteinosis in a painter with elevated pulmonary
concentrations of titanium. Chest. 1995;108(1):277-80.
doi:10.1378/chest.108.1.277. https://pubmed.ncbi.nlm.nih.
2ov/7606971

Cummings KJ, Donat WE, Ettensohn DB, Roggli VL, In-
gram P, Kreiss K. Pulmonary alveolar proteinosis in workers
at an indium processing facility. Am J Respir Crit Care Med.
2010;181(5):458-64.  doi:10.1164/rccm.200907-1022CR.
https://pubmed.ncbi.nlm.nih.gov/20019344

https://pubmed.ncbi.nlm.nih.

Salvaterra E, Campo 1. Pulmonary alveolar proteino-
sis: from classification to therapy. Breathe (Sheff).
2020;16(2):200018. doi:10.1183/20734735.0018-2020.
https://pubmed.ncbi.nlm.nih.gov/32684997

Jouneau S, Ménard C, Lederlin M. Pulmonary alveolar
proteinosis. Respirology. 2020;25(8):816-26. doi:10.1111/
resp.13831. https://pubmed.ncbi.nlm.nih.gov/32363736

Gower WA, Nogee LM. Surfactant dysfunction. Paediatr Re-
spir Rev. 2011;12(4):223-9. do0i:10.1016/j.prrv.2011.01.005.
https://pubmed.ncbi.nlm.nih.gov/22018035

Ishii H, Seymour JF, Tazawa R, Inoue Y, Uchida N, Nishida
A, et al. Secondary pulmonary alveolar proteinosis compli-
cating myelodysplastic syndrome results in worsening of
prognosis: a retrospective cohort study in Japan. BMC Pulm
Med. 2014;14:37. doi:10.1186/1471-2466-14-37. https://
pubmed.ncbi.nlm.nih.gov/24597668

Wright JR.
tant. Physiol Rev.
physrev.1997.77.4.931.
2ov/9354809

Immunomodulatory functions of surfac-
1997;77(4):931-62.  doi:10.1152/
https://pubmed.ncbi.nlm.nih.


https://pubmed.ncbi.nlm.nih.gov/834862
https://pubmed.ncbi.nlm.nih.gov/834862
https://pubmed.ncbi.nlm.nih.gov/18496859
https://pubmed.ncbi.nlm.nih.gov/12007507
https://pubmed.ncbi.nlm.nih.gov/12007507
https://pubmed.ncbi.nlm.nih.gov/2914503
https://pubmed.ncbi.nlm.nih.gov/21718529
https://pubmed.ncbi.nlm.nih.gov/21718529
https://pubmed.ncbi.nlm.nih.gov/9565812
https://pubmed.ncbi.nlm.nih.gov/9565812
https://pubmed.ncbi.nlm.nih.gov/29368649
https://pubmed.ncbi.nlm.nih.gov/6465685
https://pubmed.ncbi.nlm.nih.gov/6465685
https://pubmed.ncbi.nlm.nih.gov/21075760
https://pubmed.ncbi.nlm.nih.gov/25425184
https://pubmed.ncbi.nlm.nih.gov/12939344
https://pubmed.ncbi.nlm.nih.gov/12939344
https://pubmed.ncbi.nlm.nih.gov/30846703
https://pubmed.ncbi.nlm.nih.gov/10731299
https://pubmed.ncbi.nlm.nih.gov/18202348
https://pubmed.ncbi.nlm.nih.gov/18202348
https://pubmed.ncbi.nlm.nih.gov/30064481
https://pubmed.ncbi.nlm.nih.gov/30064481
https://pubmed.ncbi.nlm.nih.gov/32028922
https://pubmed.ncbi.nlm.nih.gov/32028922
https://pubmed.ncbi.nlm.nih.gov/4886263
https://pubmed.ncbi.nlm.nih.gov/4886263
https://pubmed.ncbi.nlm.nih.gov/7606971
https://pubmed.ncbi.nlm.nih.gov/7606971
https://pubmed.ncbi.nlm.nih.gov/20019344
https://pubmed.ncbi.nlm.nih.gov/32684997
https://pubmed.ncbi.nlm.nih.gov/32363736
https://pubmed.ncbi.nlm.nih.gov/22018035
https://pubmed.ncbi.nlm.nih.gov/24597668
https://pubmed.ncbi.nlm.nih.gov/24597668
https://pubmed.ncbi.nlm.nih.gov/9354809
https://pubmed.ncbi.nlm.nih.gov/9354809

Getin

Pulmonary Alveolar Proteinosis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Perez-Gil J, Weaver TE. Pulmonary surfactant patho-
physiology: current models and open questions. Physiol-
ogy (Bethesda). 2010;25(3):132-41. doi:10.1152/physi-
01.00006.2010. https://pubmed.ncbi.nlm.nih.gov/20551227

Lehtonen A, Matikainen S, Miettinen M, Julkunen I. Gran-
ulocyte-macrophage colony-stimulating factor (GM-CS-
F)-induced STATS activation and target-gene expression
during human monocyte/macrophage differentiation. J Leu-
koc Biol. 2002;71(3):511-9. https://pubmed.ncbi.nlm.nih.
2ov/11867689

Shibata Y, Berclaz PY, Chroneos ZC, Yoshida M, Whit-
sett JA, Trapnell BC. GM-CSF regulates alveolar mac-
rophage differentiation and innate immunity in the lung
through PU.1. Immunity. 2001;15(4):557-67. doi:10.1016/
s1074-7613(01)00218-7.
gov/11672538

Hansen G, Hercus TR, McClure BJ, Stomski FC, Dottore M,
Powell J, et al. The structure of the GM-CSF receptor com-
plex reveals a distinct mode of cytokine receptor activation.
Cell. 2008;134(3):496-507. doi:10.1016/j.cell.2008.05.053.
https://pubmed.ncbi.nlm.nih.gov/18692472

Gearing DP, King JA, Gough NM, Nicola NA. Expression
cloning of a receptor for human granulocyte-macrophage
colony-stimulating factor. EMBO J. 1989;8(12):3667-76.
doi:10.1002/j.1460-2075.1989.tb08541.x.  https://pubmed.
ncbi.nlm.nih.gov/2555171

https://pubmed.ncbi.nlm.nih.

Yancey PG, Jerome WG. Lysosomal sequestration of free
and esterified cholesterol from oxidized low density li-
poprotein in macrophages of different species. J Lipid
Res.  1998;39(7):1349-61.
g0v/9684737

Sakagami T, Beck D, Uchida K, Suzuki T, Carey BC, Na-
kata K, et al. Patient-derived granulocyte/macrophage

https://pubmed.ncbi.nlm.nih.

colony-stimulating factor autoantibodies reproduce pul-
monary alveolar proteinosis in nonhuman primates. Am J
Respir Crit Care Med. 2010;182(1):49-61. doi:10.1164/
rcem.201001-00080C.
20v/20224064

Uchida K, Nakata K, Carey B, Chalk C, Suzuki T, Sakagami
T, et al. Standardized serum GM-CSF autoantibody testing
for the routine clinical diagnosis of autoimmune pulmonary
alveolar proteinosis. J Immunol Methods. 2014;402(1-
2):57-70. doi:10.1016/j.jim.2013.11.01.  https://pubmed.
ncbi.nlm.nih.gov/24275678

Uchida K, Nakata K, Suzuki T, Luisetti M, Watanabe M,
Koch DE, et al. Granulocyte/macrophage-colony-stimulat-

https://pubmed.ncbi.nlm.nih.

ing factor autoantibodies and myeloid cell immune func-
tions in healthy subjects. Blood. 2009;113(11):2547-56.
doi: 10.1182/blood-2009-05-155689.  https://pubmed.ncbi.
nlm.nih.gov/19282464

Bendtzen K, Svenson M, Hansen MB. GM-CSF autoanti-
bodies in pulmonary alveolar proteinosis. N Engl J Med.
2007;356(19):2001-2. doi:10.1056/NEJMc070650. https://
pubmed.ncbi.nlm.nih.gov/17494938

CLSI. Defining, Establishing, and Verifying Reference

40

40.

41.

42.

43.

44.

45.

46.

47.

48.

Intervals in the Clinical Laboratory; Approved Guide-
line-Third Edition. [Internet] CLSI document C28-A3c.
Wayne, PA: Clinical and Laboratory Standards Institute;
2008. [Accessed date: 09.07.2025] https://webstore.ansi.
org/preview-pages/CLSI/

McCarthy C, Carey BC, Trapnell BC. Autoimmune Pul-
monary Alveolar Proteinosis. Am J Respir Crit Care Med.
2022;205(9):1016-35.  doi:10.1164/rccm.202112-2742S0.
https://pubmed.ncbi.nlm.nih.gov/35227171

Seymour JF, Doyle IR, Nakata K, Presneill JJ, Schoch OD,
Hamano E, et al. Relationship of anti-GM-CSF antibody
concentration, surfactant protein A and B levels, and serum
LDH to pulmonary parameters and response to GM-CSF
therapy in patients with idiopathic alveolar proteinosis.
Thorax. 2003;58(3):252-7. doi:10.1136/thorax.58.3.252.
https://pubmed.ncbi.nlm.nih.gov/12612307

Burmester GR, Mclnnes IB, Kremer JM, Miranda P, Ven-
covsky J, Godwood A, et al. Mavrilimumab, a Fully Human
Granulocyte-Macrophage Colony-Stimulating Factor Re-
ceptor-Monoclonal Antibody: Long-Term Safety and Effi-
cacy in Patients With Rheumatoid Arthritis. Arthritis Rheu-
matol. 2018;70(5):679-89. doi:10.1002/art.40420. https://
pubmed.ncbi.nlm.nih.gov/29361199

Uchida K, Nakata K, Trapnell BC, Terakawa T, Hamano
E, Mikami A, et al. High-affinity autoantibodies specifical-
ly eliminate granulocyte-macrophage colony-stimulating
factor activity in the lungs of patients with idiopathic pul-
monary alveolar proteinosis. Blood. 2004;103(3):1089-98.
doi:10.1182/blood-2003-05-1565. https://pubmed.ncbi.nlm.
nih.gov/14512323

Wang Y, Thomson CA, Allan LL, Jackson LM, Olson
M, Hercus TR, et al. Characterization of pathogenic hu-
man monoclonal autoantibodies against GM-CSF. Proc
Natl Acad Sci U S A. 2013;110(19):7832-7. doi:10.1073/
pnas.1216011110.
2gov/23620516

Suzuki T, Sakagami T, Rubin BK, Nogee LM, Wood RE,
Zimmerman SL, et al. Familial pulmonary alveolar pro-
teinosis caused by mutations in CSF2RA. J Exp Med.
2008;205(12):2703-10. doi:10.1084/jem.20080990. https://
pubmed.ncbi.nlm.nih.gov/18955570

Suzuki T, Maranda B, Sakagami T, Catellier P, Couture
CY, Carey BC, et al. Hereditary pulmonary alveolar pro-
teinosis caused by recessive CSF2RB mutations. Eur Re-
spir J. 2011;37(1):201-4. doi:10.1183/09031936.00090610.
https://pubmed.ncbi.nlm.nih.gov/21205713

Suzuki T, Sakagami T, Young LR, Carey BC, Wood RE,
Luisetti M, et al. Hereditary pulmonary alveolar proteino-
sis: pathogenesis, presentation, diagnosis, and therapy.
Am J Respir Crit Care Med. 2010;182(10):1292-304.
doi:10.1164/rccm.201002-02710C.
nlm.nih.gov/20622029

Chiu CY, Su SC, Fan WL, Lai SH, Tsai MH, Chen SH, et
al. Whole-Genome Sequencing of a Family with Hereditary

https://pubmed.ncbi.nlm.nih.

https://pubmed.ncbi.

Pulmonary Alveolar Proteinosis Identifies a Rare Structur-
al Variant Involving CSF2RA/CRLF2/IL3RA Gene Dis-


https://pubmed.ncbi.nlm.nih.gov/20551227
https://pubmed.ncbi.nlm.nih.gov/11867689
https://pubmed.ncbi.nlm.nih.gov/11867689
https://pubmed.ncbi.nlm.nih.gov/11672538
https://pubmed.ncbi.nlm.nih.gov/11672538
https://pubmed.ncbi.nlm.nih.gov/18692472
https://pubmed.ncbi.nlm.nih.gov/2555171
https://pubmed.ncbi.nlm.nih.gov/2555171
https://pubmed.ncbi.nlm.nih.gov/9684737
https://pubmed.ncbi.nlm.nih.gov/9684737
https://pubmed.ncbi.nlm.nih.gov/20224064
https://pubmed.ncbi.nlm.nih.gov/20224064
https://pubmed.ncbi.nlm.nih.gov/24275678
https://pubmed.ncbi.nlm.nih.gov/24275678
10.1182/blood
https://pubmed.ncbi.nlm.nih.gov/19282464
https://pubmed.ncbi.nlm.nih.gov/19282464
https://pubmed.ncbi.nlm.nih.gov/17494938
https://pubmed.ncbi.nlm.nih.gov/17494938
https://webstore.ansi.org/preview-pages/CLSI/preview_CLSI+C28-A3.pdf?srsltid=AfmBOoo7mU6_4F5WGhyjhpDeCUJFV7VQpCq73e5X_ELX683LoW1ehCV2
https://webstore.ansi.org/preview-pages/CLSI/preview_CLSI+C28-A3.pdf?srsltid=AfmBOoo7mU6_4F5WGhyjhpDeCUJFV7VQpCq73e5X_ELX683LoW1ehCV2
https://pubmed.ncbi.nlm.nih.gov/35227171
10.1136/thorax
https://pubmed.ncbi.nlm.nih.gov/12612307
10.1002/art
https://pubmed.ncbi.nlm.nih.gov/29361199
https://pubmed.ncbi.nlm.nih.gov/29361199
https://pubmed.ncbi.nlm.nih.gov/14512323
https://pubmed.ncbi.nlm.nih.gov/14512323
10.1073/pnas
10.1073/pnas
https://pubmed.ncbi.nlm.nih.gov/23620516
https://pubmed.ncbi.nlm.nih.gov/23620516
10.1084/jem
https://pubmed.ncbi.nlm.nih.gov/18955570
https://pubmed.ncbi.nlm.nih.gov/18955570
https://pubmed.ncbi.nlm.nih.gov/21205713
https://pubmed.ncbi.nlm.nih.gov/20622029
https://pubmed.ncbi.nlm.nih.gov/20622029

Getin

Pulmonary Alveolar Proteinosis

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

ruption. Sci Rep. 2017;7:43469. doi:10.1038/srep43469.
https://pubmed.ncbi.nlm.nih.gov/28233860

Al-Haidary AS, Alotaibi W, Alhaider SA, Al-Saleh S. A
newly identified novel variant in the CSF2RA gene in a
child with pulmonary alveolar proteinosis: a case report. J
Med Case Rep. 2017;11(1):122. doi:10.1186/s13256-017-
1285-4. https://pubmed.ncbi.nlm.nih.gov/28464852

Hadchouel A, Drummond D, Abou Taam R, Lebour-
geois M, Delacourt C, de Blic J. Alveolar proteinosis of
genetic origins. Eur Respir Rev. 2020;29(158):190187.
doi:10.1183/16000617.0187-2019. https://pubmed.ncbi.
nlm.nih.gov/33115790

Forbes A, Pickell M, Foroughian M, Yao LJ, Lewis J, Veld-
huizen R. Alveolar macrophage depletion is associated with
increased surfactant pool sizes in adult rats. J Appl Physi-
ol (1985). 2007;103(2):637-45. doi:10.1152/japplphysi-
01.00995.2006. https://pubmed.ncbi.nlm.nih.gov/17446406
Yokomura K, Chida K, Suda T, Miwa S, Nakano H, Kuwata
H, et al. Secondary pulmonary alveolar proteinosis associat-
ed with myelodysplastic syndrome. Nihon Kokyuki Gakkai
Zasshi. 2002;40(7):599-604. https://pubmed.ncbi.nlm.nih.
gov/12382426

Kita H, Muro S, Nakano Y, Hattori N, Mizutani T, Kagioka
H, et al. An autopsy case of acute lymphocytic leukemia
associated with secondary pulmonary alveolar proteinosis
and systemic aspergillosis. Nihon Kyobu Shikkan Gakkai

Zasshi. 1993;31(3):374-8.  https://pubmed.ncbi.nlm.nih.
2ov/8315908
Birsak CA, van Rossem RN, Nijhuis-Heddes JM,

Maartense E. Pulmonary alveolar proteinosis: a complica-
tion in patients with hematologic malignancy. Neth J Med.
2000;56(5):193-7.  doi:10.1016/s0300-2977(00)00025-5.
https://pubmed.ncbi.nlm.nih.gov/10781712

Ishii H, Tazawa R, Kaneko C, Saraya T, Inoue Y, Hama-
no E, et al. Clinical features of secondary pulmonary al-
veolar proteinosis: pre-mortem cases in Japan. Eur Respir
J. 2011;37(2):465-8.  doi:10.1183/09031936.00092910.
https://pubmed.ncbi.nlm.nih.gov/21282812

El Kik A, Vander Kuylen M, Bailly B, Fallas J, Bondue B.
Unusual cause of dyspnea in patient with Myelofibrosis: The
Ruxolitinib lung. Respir Med Case Rep. 2024;51:102090.
doi:10.1016/j.rmer.2024.102090. https://pubmed.ncbi.nlm.
nih.gov/39206099

Bedrossian CW, Luna MA, Conklin RH, Miller WC. Alve-
olar proteinosis as a consequence of immunosuppression. A
hypothesis based on clinical and pathologic observations.
Hum Pathol. 1980;11(5 Suppl):527-35. https://pubmed.
ncbi.nlm.nih.gov/7429503

Lopez P, Kohler S, Dimri S. Interstitial Lung Disease As-
sociated with mTOR Inhibitors in Solid Organ Transplant
Recipients: Results from a Large Phase III Clinical Trial
Program of Everolimus and Review of the Literature. J
Transplant. 2014;2014:305931. doi:10.1155/2014/305931.
https://pubmed.ncbi.nlm.nih.gov/25580277

Hinojosa-Gonzalez DE, Davila-Gonzalez D, Salgado-Garza

41

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

G, Flores-Villalba E. Reversible sirolimus-induced pulmo-
nary alveolar proteinosis in a renal transplant patient. Lung
India. 2020;37(3):252-6. doi:10.4103/lungindia.lungin-
dia_484_19. https://pubmed.ncbi.nlm.nih.gov/32367848

Punatar AD, Kusne S, Blair JE, Seville MT, Vikram
HR. Opportunistic infections in patients with pulmo-
nary alveolar proteinosis. J Infect. 2012;65(2):173-9.
doi:10.1016/}.jinf.2012.03.020.
nih.gov/22484272

Heppleston AG, Wright NA, Stewart JA. Experimen-
tal alveolar lipo-proteinosis following the inhalation
of silica. J Pathol. 1970;101(4):293-307. doi:10.1002/
path.1711010402. https://pubmed.ncbi.nlm.nih.
gov/4323445

https://pubmed.ncbi.nlm.

Heppleston AG, Fletcher K, Wyatt I. Changes in the compo-
sition of lung lipids and the “turnover” of dipalmitoyl lec-
ithin in experimental alveolar lipo-proteinosis induced by
inhaled quartz. Br J Exp Pathol. 1974;55(4):384-95. https://
pubmed.ncbi.nlm.nih.gov/4279687

Xipell JM, Ham KN, Price CG, Thomas DP. Acute sili-
coproteinosis. Thorax. 1977;32(1):104-11. doi:10.1136/
thx.32.1.104. https://pubmed.ncbi.nlm.nih.gov/190727

Bonella F, Bauer PC, Griese M, Ohshimo S, Guzman J,
Costabel U. Pulmonary alveolar proteinosis: new insights
from a single-center cohort of 70 patients. Respir Med.
2011;105(12):1908-16.  doi:10.1016/j.rmed.2011.08.018.
https://pubmed.ncbi.nlm.nih.gov/21900000

McDonald JW, Alvarez F, Keller CA. Pulmonary alveo-
lar proteinosis in association with household exposure to
fibrous insulation material. Chest. 2000;117(6):1813-7.
doi:10.1378/chest.117.6.1813.
nih.gov/10858425

https://pubmed.ncbi.nlm.

Johansson A, Camner P. Adverse effects of metals on the
alveolar part of the lung. Scan Electron Microsc. 1986;(Pt
2):631-7. https://digitalcommons.usu.edu/electron/vol 1986/
iss2/33

Santos GF, Portela J, Argyropoulou D, Varudo R, Pimenta
I, Oliveira A, et al. Alveolar proteinosis due to toxic inhala-
tion at workplace. Respir Med Case Rep. 2020;31:101199.
doi:10.1016/j.rmcr.2020.101199.  https://pubmed.ncbi.nlm.
nih.gov/32868988

Costabel U, Nakata K. Pulmonary alveolar proteinosis as-
sociated with dust inhalation: not secondary but autoim-
mune? Am J Respir Crit Care Med. 2010;181(5):427-8.
doi:10.1164/rccm.200912-1800ED.
nlm.nih.gov/20185750

Mechri M, Epaud R, Emond S, Coulomb A, Jaubert F,
Tarrant A, et al. Surfactant protein C gene (SFTPC) mu-

https://pubmed.ncbi.

tation-associated lung disease: high-resolution computed
tomography (HRCT) findings and its relation to histo-
logical analysis. Pediatr Pulmonol. 2010;45(10):1021-9.
doi:10.1002/ppul.21289.
gov/20658481

Guillot L, Carré A, Szinnai G, Castanet M, Tron E, Jau-
bert F, et al. NKX2-1 mutations leading to surfactant

https://pubmed.ncbi.nlm.nih.


https://pubmed.ncbi.nlm.nih.gov/28233860
https://pubmed.ncbi.nlm.nih.gov/28464852
https://pubmed.ncbi.nlm.nih.gov/33115790
https://pubmed.ncbi.nlm.nih.gov/33115790
10.1152/japplphysiol
10.1152/japplphysiol
https://pubmed.ncbi.nlm.nih.gov/17446406
https://pubmed.ncbi.nlm.nih.gov/12382426
https://pubmed.ncbi.nlm.nih.gov/12382426
https://pubmed.ncbi.nlm.nih.gov/8315908
https://pubmed.ncbi.nlm.nih.gov/8315908
https://pubmed.ncbi.nlm.nih.gov/10781712
https://pubmed.ncbi.nlm.nih.gov/21282812
https://pubmed.ncbi.nlm.nih.gov/39206099
https://pubmed.ncbi.nlm.nih.gov/39206099
https://pubmed.ncbi.nlm.nih.gov/7429503
https://pubmed.ncbi.nlm.nih.gov/7429503
https://pubmed.ncbi.nlm.nih.gov/25580277
10.4103/lungindia.lungindia
10.4103/lungindia.lungindia
https://pubmed.ncbi.nlm.nih.gov/32367848
10.1016/j.jinf
https://pubmed.ncbi.nlm.nih.gov/22484272
https://pubmed.ncbi.nlm.nih.gov/22484272
https://pubmed.ncbi.nlm.nih.gov/4323445
https://pubmed.ncbi.nlm.nih.gov/4323445
https://pubmed.ncbi.nlm.nih.gov/4279687
https://pubmed.ncbi.nlm.nih.gov/4279687
https://pubmed.ncbi.nlm.nih.gov/190727
https://pubmed.ncbi.nlm.nih.gov/21900000
10.1378/chest
https://pubmed.ncbi.nlm.nih.gov/10858425
https://pubmed.ncbi.nlm.nih.gov/10858425
https://digitalcommons.usu.edu/electron/vol1986/iss2/33
https://digitalcommons.usu.edu/electron/vol1986/iss2/33
https://pubmed.ncbi.nlm.nih.gov/32868988
https://pubmed.ncbi.nlm.nih.gov/32868988
10.1164/rccm
https://pubmed.ncbi.nlm.nih.gov/20185750
https://pubmed.ncbi.nlm.nih.gov/20185750
https://pubmed.ncbi.nlm.nih.gov/20658481
https://pubmed.ncbi.nlm.nih.gov/20658481

Getin

Pulmonary Alveolar Proteinosis

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

protein promoter dysregulation cause interstitial lung
disease in “Brain-Lung-Thyroid Syndrome”. Hum Mu-
tat. 2010;31(2):E1146-E1162. doi:10.1002/humu.21183.
https://pubmed.ncbi.nlm.nih.gov/20020530

Young LR, Nogee LM, Barnett B, Panos RJ, Colby TV,
Deutsch GH. Usual interstitial pneumonia in an adoles-
cent with ABCA3 mutations. Chest. 2008;134(1):192-5.
doi:10.1378/chest.07-2652.  https://pubmed.ncbi.nlm.nih.
2ov/18628224

Borie R, Danel C, Debray MP, Taille C, Dombret MC, Aub-
ier M, et al. Pulmonary alveolar proteinosis. Eur Respir Rev.
2011;20(120):98-107.  doi:10.1183/09059180.00001311.
https://pubmed.ncbi.nlm.nih.gov/21632797

Shah PL, Hansell D, Lawson PR, Reid KB, Morgan C.
Pulmonary alveolar proteinosis: clinical aspects and cur-
rent concepts on pathogenesis. Thorax. 2000;55(1):67-77.
doi:10.1136/thorax.55.1.67.
gov/10607805

https://pubmed.ncbi.nlm.nih.

Morton C, DeBiasi E. Pulmonary Alveolar Proteino-
sis. Clin Chest Med. 2025;46(2):373-82. doi:10.1016/j.
ccm.2025.02.014.
2ov/40484510

McCarthy C, Carey B, Trapnell BC. Blood Testing for
Differential Diagnosis of Pulmonary Alveolar Proteino-
sis Syndrome. Chest. 2019;155(2):450-2. doi:10.1016/j.
chest.2018.11.002.
2ov/30732696

Lee KN, Levin DL, Webb WR, Chen D, Storto ML, Gold-
en JA. Pulmonary alveolar proteinosis: high-resolution

https://pubmed.ncbi.nlm.nih.

https://pubmed.ncbi.nlm.nih.

CT, chest radiographic, and functional correlations. Chest.
1997;111(4):989-95. doi:10.1378/chest.111.4.989. https://
pubmed.ncbi.nlm.nih.gov/9106579

Holbert JM, Costello P, Li W, Hoffman RM, Rogers
RM. CT features of pulmonary alveolar proteinosis. AJR
Am J Roentgenol. 2001;176(5):1287-94. doi:10.2214/
ajr.176.5.1761287.
gov/11312196

https://pubmed.ncbi.nlm.nih.

Hawkins P, Chawke L, Cormican L, Wikenheiser-Brokamp
KA, Fabre A, Keane MP, et al. Autoimmune pulmonary al-
veolar proteinosis: a discrepancy between symptoms and
CT findings. Lancet. 2021;398(10296):e7. doi:10.1016/
S0140-6736(21)01254-X.
gov/34274066

Ishii H, Trapnell BC, Tazawa R, Inoue Y, Akira M, Kogure
Yet al. Japanese Center of the Rare Lung Disease Consor-

https://pubmed.ncbi.nlm.nih.

tium. Comparative study of high-resolution CT findings
between autoimmune and secondary pulmonary alveolar
proteinosis. Chest. 2009;136(5):1348-55. doi:10.1378/
chest.09-0097. https://pubmed.ncbi.nlm.nih.gov/19892674
Johkoh T, Itoh H, Miller NL, Ichikado K, Nakamura
H, Ikezoe J, et al. Crazy-paving appearance at thin-sec-
tion CT: spectrum of disease and pathologic findings.

Radiology. 1999;211(1):155-60. doi:10.1148/radiol-
ogy.211.1.r99ap10155. https://pubmed.ncbi.nlm.nih.
2ov/10189465

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Altinigik G, Cetin N, Ugurlu E, Akbudak IH, Baser S. PAP
with COVID-19 Radiology - Differential Diagnosis Dis-
cussion. Turk Thorac J. 2021;22(1):99-100. doi:10.5152/
TurkThoracJ].2021.20128.
gov/33646114

Wells AU. The clinical utility of bronchoalveolar lavage

https://pubmed.ncbi.nlm.nih.

in diffuse parenchymal lung disease. Eur. Respir. Rev.
2010;19(117):237-41.  doi:10.1183/09059180.00005510.
https://pubmed.ncbi.nlm.nih.gov/20956199

McCarthy C, Bonella F, O’Callaghan M, Dupin C, Alfa-
ro T, Fally M, et al. European Respiratory Society guide-
lines for the diagnosis and management of pulmonary
alveolar proteinosis. Eur Respir J. 2024;64(5):2400725.
doi:10.1183/13993003.00725-2024.  https://pubmed.ncbi.
nlm.nih.gov/39147411

Azuma K, Takimoto T, Kasai T, Hirose M, Hatsuda K,
Sugimoto C, et al. Diagnostic yield and safety of bronchofi-
berscopy for pulmonary alveolar proteinosis. Respir Inves-
tig. 2021;59(6):757-65. doi:10.1016/j.resinv.2021.03.012.
https://pubmed.ncbi.nlm.nih.gov/33967014

Suzuki T, Trapnell BC. Pulmonary Alveolar Proteino-
sis Syndrome. Clin Chest Med. 2016;37(3):431-40.
doi:10.1016/j.ccm.2016.04.006.  https://pubmed.ncbi.nlm.
nih.gov/27514590

Zhao YY, Huang H, Liu YZ, Song XY, Li S, Xu ZJ.
Whole Lung Lavage Treatment of Chinese Patients with
Autoimmune Pulmonary Alveolar Proteinosis: A Retro-
spective Long-term Follow-up Study. Chin Med J (Engl).
2015;128(20):2714-9. doi:10.4103/0366-6999.167295.
https://pubmed.ncbi.nlm.nih.gov/26481735

Ben-Abraham R, Greenfeld A, Rozenman J, Ben-Dov 1.
Pulmonary alveolar proteinosis: step-by-step perioper-
ative care of whole lung lavage procedure. Heart Lung.
2002;31(1):43-9.  doi:10.1067/mhl.2002.119831.  https://
pubmed.ncbi.nlm.nih.gov/11805749

Wasserman K, Blank N, Fletcher G. Lung lavage (alveolar
washing) in alveolar proteinosis. Am J Med. 1968;44(4):611-
7. doi:10.1016/0002-9343(68)90062-4.  https://pubmed.
ncbi.nlm.nih.gov/5642718

Campo I, Luisetti M, Griese M, Trapnell BC, Bonella F,
Grutters J, et al; WLL International Study Group. Whole
lung lavage therapy for pulmonary alveolar proteinosis: a
global survey of current practices and procedures. Orphanet
J Rare Dis. 2016;11(1):115. doi:10.1186/s13023-016-0497-
9. https://pubmed.ncbi.nlm.nih.gov/27577926

Altinisik G, Yigit N, Metin B, Turkarslan M, Akbudak IH.
A Case of Pulmonary Alveolar Proteinosis in which a New
Approach to the Traditional Whole Lung Lavage Tech-
nique is Preformed. Respir Case Rep. 2022;11(1):36-40.
doi:10.5505/respircase.2022.98470.
case.com/jvi.aspx 7un=RCR-98470&volume=11&issue=1
Ra SW, Park SE, Lee HK, Han IS, Park SH. Whole lung
lavage using a rapid infusion system to treat a patient with

https://www.respir-

pulmonary alveolar proteinosis. Yeungnam Univ J Med.
2020;37(1):67-72. doi:10.12701/yujm.2019.00360. https://
pubmed.ncbi.nlm.nih.gov/31661750


https://pubmed.ncbi.nlm.nih.gov/20020530
https://pubmed.ncbi.nlm.nih.gov/18628224
https://pubmed.ncbi.nlm.nih.gov/18628224
https://pubmed.ncbi.nlm.nih.gov/21632797
https://pubmed.ncbi.nlm.nih.gov/10607805
https://pubmed.ncbi.nlm.nih.gov/10607805
https://pubmed.ncbi.nlm.nih.gov/40484510
https://pubmed.ncbi.nlm.nih.gov/40484510
https://pubmed.ncbi.nlm.nih.gov/30732696
https://pubmed.ncbi.nlm.nih.gov/30732696
https://pubmed.ncbi.nlm.nih.gov/9106579
https://pubmed.ncbi.nlm.nih.gov/9106579
https://pubmed.ncbi.nlm.nih.gov/11312196
https://pubmed.ncbi.nlm.nih.gov/11312196
https://pubmed.ncbi.nlm.nih.gov/34274066
https://pubmed.ncbi.nlm.nih.gov/34274066
https://pubmed.ncbi.nlm.nih.gov/19892674
https://pubmed.ncbi.nlm.nih.gov/10189465
https://pubmed.ncbi.nlm.nih.gov/10189465
https://pubmed.ncbi.nlm.nih.gov/33646114
https://pubmed.ncbi.nlm.nih.gov/33646114
https://pubmed.ncbi.nlm.nih.gov/20956199
https://pubmed.ncbi.nlm.nih.gov/39147411
https://pubmed.ncbi.nlm.nih.gov/39147411
https://pubmed.ncbi.nlm.nih.gov/33967014
https://pubmed.ncbi.nlm.nih.gov/27514590
https://pubmed.ncbi.nlm.nih.gov/27514590
https://pubmed.ncbi.nlm.nih.gov/26481735
https://pubmed.ncbi.nlm.nih.gov/11805749
https://pubmed.ncbi.nlm.nih.gov/11805749
https://pubmed.ncbi.nlm.nih.gov/5642718
https://pubmed.ncbi.nlm.nih.gov/5642718
https://pubmed.ncbi.nlm.nih.gov/27577926
https://www.respircase.com/jvi.aspx?un=RCR-98470&volume=11&issue=1
https://www.respircase.com/jvi.aspx?un=RCR-98470&volume=11&issue=1
https://pubmed.ncbi.nlm.nih.gov/31661750
https://pubmed.ncbi.nlm.nih.gov/31661750

Getin

Pulmonary Alveolar Proteinosis

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Wayne MT, Ali MS, Roller L, Gay SE, Maldonado F, De
Cardenas J. Safety of Bilateral Whole Lung Lavage for Pul-
monary Alveolar Proteinosis: Experiences in a Multicenter
Cohort. J Bronchology Interv Pulmonol. 2023;30(2):188-
91. doi:10.1097/LBR.0000000000000897. https://pubmed.
ncbi.nlm.nih.gov/36124621

Paschen C, Reiter K, Stanzel F, Teschler H, Griese M.
Therapeutic lung lavages in children and adults. Respir
Res. 2005;6(1):138. doi:10.1186/1465-9921-6-138. https://
pubmed.ncbi.nlm.nih.gov/16303053

Awab A, Khan MS, Youness HA. Whole lung lavage-tech-
nical details, challenges and management of complica-
tions. J Thorac Dis. 2017;9(6):1697-706. doi:10.21037/
jtd.2017.04.10. https://pubmed.ncbi.nlm.nih.gov/28740686

Sikachi R, Anders M. Whole lung lavage: considerations
from the anesthesiology perspective. Curr Opin Pulm Med.
2025;31(1):53-8.  doi:10.1097/MCP.0000000000001132.
https://pubmed.ncbi.nlm.nih.gov/39513386

Tazawa R, Ueda T, Abe M, Tatsumi K, Eda R, Kondoh S,
et al. Inhaled GM-CSF for Pulmonary Alveolar Proteino-
sis. N Engl J Med. 2019;381(10):923-32. doi:10.1056/NE-
JMoal816216. https://pubmed.ncbi.nlm.nih.gov/31483963

Trapnell BC, Inoue Y, Bonella F, Morgan C, Jouneau S,
Bendstrup E, et al; IMPALA Trial Investigators. Inhaled
Molgramostim Therapy in Autoimmune Pulmonary Al-
veolar Proteinosis. N Engl J Med. 2020;383(17):1635-44.
doi:10.1056/NEJMoa1913590.
nih.gov/32897035

Tazawa R, Trapnell BC, Inoue Y, Arai T, Takada T, Nasu-
hara Y, et al. Inhaled granulocyte/macrophage-colony stim-

https://pubmed.ncbi.nlm.

ulating factor as therapy for pulmonary alveolar proteino-
sis. Am J Respir Crit Care Med. 2010;181(12):1345-54.
doi:10.1164/rccm.200906-09780C.
nlm.nih.gov/20167854

Seymour JF, Presneill JJ, Schoch OD, Downie GH, Moore
PE, Doyle IR, et al. Therapeutic efficacy of granulocyte-mac-

https://pubmed.ncbi.

rophage colony-stimulating factor in patients with idiopath-
ic acquired alveolar proteinosis. Am J Respir Crit Care Med.
2001;163(2):524-31.  doi:10.1164/ajrccm.163.2.2003146.
https://pubmed.ncbi.nlm.nih.gov/11179134

Wylam ME, Ten R, Prakash UB, Nadrous HF, Clawson
ML, Anderson PM. Aerosol granulocyte-macrophage col-
ony-stimulating factor for pulmonary alveolar proteinosis.
Eur Respir J. 2006;27(3):585-93. doi:10.1183/09031936.06
.00058305. https://pubmed.ncbi.nlm.nih.gov/16507860

Venkateshiah SB, Yan TD, Bonfield TL, Thomassen MJ,
Meziane M, Czich C, et al. An open-label trial of granulo-
cyte macrophage colony stimulating factor therapy for mod-
erate symptomatic pulmonary alveolar proteinosis. Chest.
2006;130(1):227-37. doi:10.1378/chest.130.1.227. https:/
pubmed.ncbi.nlm.nih.gov/16840407

Papiris SA, Tsirigotis P, Kolilekas L, Papadaki G, Papaioan-
nou Al, Triantafillidou C, et al. Long-term inhaled granulo-
cyte macrophage-colony-stimulating factor in autoimmune
pulmonary alveolar proteinosis: effectiveness, safety, and

43

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

lowest effective dose. Clin Drug Investig. 2014;34(8):553-
64. doi:10.1007/s40261-014-0208-z. https://pubmed.ncbi.
nlm.nih.gov/24890235

Zhang F, Weng D, Su Y, Yin C, Shen L, Zhang Y, et al.
Therapeutic effect of subcutaneous injection of low dose
recombinant human granulocyte-macrophage colony-stim-
ulating factor on pulmonary alveolar proteinosis. Respir
Res. 2020;21(1):1. doi:10.1186/s12931-019-1261-1. https://
pubmed.ncbi.nlm.nih.gov/31898493

Zhen G, Li D, Jiang J, Weng Y. Granulocyte-Macro-
phage Colony-Stimulating Factor Ther-
apy for Severe Pulmonary Alveolar Proteinosis.
Am J Ther. 2020;28(2):el171-e178. doi:10.1097/
MJT.0000000000001053. https://pubmed.ncbi.nlm.nih.
gov/31513019

Campo I, Carey BC, Paracchini E, Kadija Z, De Silvestri
A, Rodi G, et al. Inhaled recombinant GM-CSF reduces the
need for whole lung lavage and improves gas exchange in au-

Inhalation

toimmune pulmonary alveolar proteinosis patients. Eur Re-
spir J. 2024;63(1):2301233. doi:10.1183/13993003.01233-
2023. https://pubmed.ncbi.nlm.nih.gov/37973175

Kavuru MS, Malur A, Marshall I, Barna BP, Meziane M,
Huizar I, et al. An open-label trial of rituximab therapy in pul-
monary alveolar proteinosis. Eur Respir J. 2011;38(6):1361-
7. doi:10.1183/09031936.00197710. https://pubmed.ncbi.
nlm.nih.gov/21478218

Soyez B, Borie R, Menard C, Cadranel J, Chavez L, Cot-
tin V, et al. Rituximab for auto-immune alveolar proteino-
sis, a real life cohort study. Respir Res. 2018;19(1):74.
doi:10.1186/s12931-018-0780-5. https://pubmed.ncbi.nlm.
nih.gov/29695229

Parker LA, Novotny DB. Recurrent alveolar proteinosis fol-
lowing double lung transplantation. Chest. 1997;111:1457—
8. doi:10.1378/chest.111.5.1457. https://pubmed.ncbi.nlm.
nih.gov/9149615

Lachmann N, Happle C, Ackermann M, Liuttge D, Wetz-
ke M, Merkert S, et al. Gene correction of human induced
pluripotent stem cells repairs the cellular phenotype in pul-
monary alveolar proteinosis. Am J Respir Crit Care Med.
2014;189(2):167-82.  doi:10.1164/rccm.201306-10120C.
https://pubmed.ncbi.nlm.nih.gov/24279725

McCarthy C, Lee E, Bridges JP, Sallese A, Suzuki T, Woods
JC, et al. Statin as a novel pharmacotherapy of pulmo-
nary alveolar proteinosis. Nat Commun. 2018;9(1):3127.
doi:10.1038/s41467-018-05491-z.
nlm.nih.gov/30087322

Akasaka K, Tanaka T, Kitamura N, Ohkouchi S, Tazawa
R, Takada T, et al. Outcome of corticosteroid adminis-

https://pubmed.ncbi.

tration in autoimmune pulmonary alveolar proteinosis: a
retrospective cohort study. BMC Pulm Med. 2015;15:88.
doi:10.1186/s12890-015-0085-0. https://pubmed.ncbi.nlm.
nih.gov/26264717

Chaulagain CP, Pilichowska M, Brinckerhoff L, Tabba M,
Erban JK. Secondary pulmonary alveolar proteinosis in he-
matologic malignancies. Hematol Oncol Stem Cell Ther.


https://pubmed.ncbi.nlm.nih.gov/36124621
https://pubmed.ncbi.nlm.nih.gov/36124621
https://pubmed.ncbi.nlm.nih.gov/16303053
https://pubmed.ncbi.nlm.nih.gov/16303053
https://pubmed.ncbi.nlm.nih.gov/28740686
https://pubmed.ncbi.nlm.nih.gov/39513386
10.1056/NEJMoa
10.1056/NEJMoa
https://pubmed.ncbi.nlm.nih.gov/31483963
10.1056/NEJMoa
https://pubmed.ncbi.nlm.nih.gov/32897035
https://pubmed.ncbi.nlm.nih.gov/32897035
10.1164/rccm
https://pubmed.ncbi.nlm.nih.gov/20167854
https://pubmed.ncbi.nlm.nih.gov/20167854
https://pubmed.ncbi.nlm.nih.gov/11179134
https://pubmed.ncbi.nlm.nih.gov/16507860
https://pubmed.ncbi.nlm.nih.gov/16840407
https://pubmed.ncbi.nlm.nih.gov/16840407
https://pubmed.ncbi.nlm.nih.gov/24890235
https://pubmed.ncbi.nlm.nih.gov/24890235
https://pubmed.ncbi.nlm.nih.gov/31898493
https://pubmed.ncbi.nlm.nih.gov/31898493
https://pubmed.ncbi.nlm.nih.gov/31513019
https://pubmed.ncbi.nlm.nih.gov/31513019
https://pubmed.ncbi.nlm.nih.gov/37973175
https://pubmed.ncbi.nlm.nih.gov/21478218
https://pubmed.ncbi.nlm.nih.gov/21478218
https://pubmed.ncbi.nlm.nih.gov/29695229
https://pubmed.ncbi.nlm.nih.gov/29695229
https://pubmed.ncbi.nlm.nih.gov/9149615
https://pubmed.ncbi.nlm.nih.gov/9149615
https://pubmed.ncbi.nlm.nih.gov/24279725
https://pubmed.ncbi.nlm.nih.gov/30087322
https://pubmed.ncbi.nlm.nih.gov/30087322
https://pubmed.ncbi.nlm.nih.gov/26264717
https://pubmed.ncbi.nlm.nih.gov/26264717

Getin

Pulmonary Alveolar Proteinosis

113.

114.

2014;7(4):127-35. doi:10.1016/j.hemonc.2014.09.003.
https://pubmed.ncbi.nlm.nih.gov/25300566

Gaine SP, O’Marcaigh AS. Pulmonary alveolar pro-
teinosis: lung transplant or bone marrow transplant?
Chest;113(2):563-4. doi:10.1378/chest.113.2.563-a. https://
pubmed.ncbi.nlm.nih.gov/9498994

Huang J, Xie S, Gao Y, Lin Z, Xu Z, Lin J, et al. Phenotypic
heterogeneity in mortality and prognosis of pulmonary al-
veolar proteinosis: a large-scale, global pooled analysis of
individual-level data. Orphanet J Rare Dis. 2025;20(1):102.
doi:10.1186/s13023-025-03617-3. https://pubmed.ncbi.
nlm.nih.gov/40038784

44

115.

116.

Guirriec Y, Luque-Paz D, Bernard G, Mabo A, Kerjouan M,
Ménard C, et al; Orphalung network. Pulmonary fibrosis
in patients with autoimmune pulmonary alveolar proteino-
sis: a retrospective nationwide cohort study. ERJ Open Res.
2024;10(6):00314-2024. doi:10.1183/23120541.00314-
2024. https://pubmed.ncbi.nlm.nih.gov/39624377

Altinisik G. As our hearts keep beating “From the note-
book of a physician” Timisoara: Victor Babes” Publish-
ing House. 2024:101-13 https://www.umft.ro/wp-content/
uploads/2024/06/EVB_Beletristica_As-Our-Hearts-Keep-
Beating_2024.pdf


https://pubmed.ncbi.nlm.nih.gov/25300566
https://pubmed.ncbi.nlm.nih.gov/9498994
https://pubmed.ncbi.nlm.nih.gov/9498994
https://pubmed.ncbi.nlm.nih.gov/40038784
https://pubmed.ncbi.nlm.nih.gov/40038784
https://pubmed.ncbi.nlm.nih.gov/39624377
https://www.umft.ro/wp-content/uploads/2024/06/EVB_Beletristica_As-Our-Hearts-Keep-Beating_2024.pdf
https://www.umft.ro/wp-content/uploads/2024/06/EVB_Beletristica_As-Our-Hearts-Keep-Beating_2024.pdf
https://www.umft.ro/wp-content/uploads/2024/06/EVB_Beletristica_As-Our-Hearts-Keep-Beating_2024.pdf

4
Q
s
LL
[T—
o
<X
=
Q

PULMONARY ALVEOLAR MICROLITIASIS
PULMONER ALVEOLER MIKROLITIAZIS

Assist. Prof. Dr. Niliifer Yigit



Nilifer Yigit

Pamukkale University, Faculty of
Medicine, Department of Chest
Diseases, Denizli, Tiirkiye
nilifer_savurmus@hotmail com
Orcid 1D: 0000-0002-5871-6461

For Citation:

Yigit N. Pulmonary Alveolar
Microlitiasis. In: Altinisik G,
McCormack FX, editors. Adopting
Orphan Diseases: Rare Interstitial
Lung Diseases. 1* ed. Ankara: Turkiye
Klinikleri; 2025. p.45-59.

PULMONARY ALVEOLAR MICROLITIASIS
PULMONER ALVEOLER MIKROLITIAZIS

ABSTRACT

Pulmonary Alveolar Microlithiasis is a rare, slowly progressive diffuse lung disease characterized by
the intra-alveolar accumulation of calcium phosphate microliths. The condition is typically inherited
in an autosomal recessive manner and is caused by inactivating mutations in the SLC34A2 gene,
which encodes a type IIb sodium-phosphate co-transporter primarily expressed in alveolar type II
epithelial cells. The dysfunction of this transporter leads to impaired phosphate clearance from the
alveolar space, resulting in the precipitation of hydroxyapatite crystals and the formation of character-
istic microliths. Despite its genetic origin being elucidated in recent years, the clinical course of PAM
remains unpredictable. Many patients are asymptomatic at the time of diagnosis, which is often made
incidentally via chest imaging performed for unrelated reasons. However, the disease tends to progress
over time, with patients eventually developing exertional dyspnea, restrictive ventilatory defects, and,
in advanced stages, chronic respiratory failure and cor pulmonale. Radiologically, the condition is
classically identified by a “sandstorm-like” pattern on chest X-ray, reflecting diffuse, calcified micro-
nodules throughout the lungs. Recent advances in genetics have contributed to a better understanding
of disease heterogeneity and genotype-phenotype correlations, yet no treatment has been proven effec-
tive in PAM. Empirical therapies, including corticosteroids, bisphosphonates, and whole-lung lavage,
have shown limited to no benefit. Lung transplantation remains the only definitive therapeutic option
for patients with advanced disease, and early referral before the onset of right heart failure is strong-
ly recommended. This chapter will review the current knowledge on the clinical, radiological, and
pathological features of PAM, explore recent insights into its genetic and molecular pathogenesis, and
provide an overview of diagnostic strategies, management options, and future research perspectives.
Special emphasis will be placed on the role of international registries, telemedicine in follow-up, and
emerging concepts in disease monitoring and personalized care.

Keywords: Pulmonary alveolar microlithiasis; SLC34AZ2 gene mutation; Rare lung disease;
Alveolar microliths; Sodium-phosphate cotransporter; Clinical-radiological dissociation;
Autosomal recessive disorder; Genetic heterogeneity

OZET

Pulmoner Alveoler Mikrolitiazis (PAM), intra-alveoler kalsiyum fosfat mikrolitlerinin birikimi ile ka-
rakterize olan, nadir goriilen ve yavas ilerleyen difuz bir akciger hastaligidir. Bu hastalik genellikle
otozomal resesif kaliim gosterir ve alveoler tip II epitel huicrelerinde baglica eksprese edilen tip IIb
sodyum-fosfat kotransportorinii kodlayan SLC34A2 genindeki inaktive edici mutasyonlardan kay-
naklanir. Bu transportorin islev bozuklugu, alveoler bosluktan fosfat temizlenmesini engeller, bunun
sonucunda hidroksiapatit kristalleri ¢okelir ve karakteristik mikrolitler olusur. Son yillarda genetik ko-
keni aydinlatilmis olmasina ragmen, PAM’1n klinik seyri ongorulemezligini korumaktadir. Hastalarin
buytik bir kismi1 tan1 aninda asemptomatiktir ve hastalik genellikle baska nedenlerle ¢ekilen akciger
goruntiilemeleri sirasinda tesadufen saptanir. Bununla birlikte, hastalik zamanla ilerleme egiliminde-
dir. Hastalarda eforla ortaya ¢ikan dispne, restriktif ventilatuvar defektler gorulup ileri evrelerde kronik
solunum yetmezligi ve kor pulmonale gelisebilir. Radyolojik olarak hastalik, akciger grafisinde tim
akcigerlere yayilmig kalsifiye mikronodullerin olusturdugu “kum firtinas1 benzeri” gorunti ile tanimnur.
Genetik alandaki son gelismeler, hastaligin heterojen yapisini ve genotip-fenotip korelasyonlarini daha
iyi anlagilmasina katki saglamistir. Ancak, PAM’1n dogal seyrini degistirebilecek etkili bir tedavi he-
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niiz bulunmamaktadir. Kortikosteroidler, bifosfonatlar ve total akciger lavaji gibi ampirik tedavilerden elde edilen sonuglar sinirli ya da etkisiz
kalmigtir. Ileri evre hastalar igin akciger nakli, halen tek kesin tedavi segenegidir ve sag kalp yetmezligi gelismeden once nakil merkezine yon-

lendirme onem tagimaktadir. Bu bolumde, PAM’1n klinik, radyolojik ve patolojik ozelliklerine dair mevcut bilgiler gozden gegirilecek, genetik

ve molekiller patogenezine iliskin son gelismeler tartisilacak ve tani stratejileri, tedavi secenekleri ile gelecege yonelik arastirma perspektifleri
sunulacaktir. Uluslararasi hasta kayitlarinin onemi, tele-tibbin hasta takibindeki rolu ve kisisellestirilmis izlem yontemlerine dair yeni yakla-

stmlar ozellikle vurgulanacaktir.

Anahtar Kelimeler: Pulmoner alveoler mikrolitiyazis; SLC34A2 gen mutasyonu; Nadir akciger hastaligi; Alveoler mikrolitler;

Sodyum-fostat ko-transportorii; Klinik-radyolojik dissosiyasyon; Otozomal resesif hastalik; Genetik heterojenite

CASE PRESENTATION

A 35-year-old male, employed as a machinery op-
erator, was referred to our clinic nine years ago fol-
lowing suspicion on a routine posteroanterior (PA)
chest radiograph obtained during his pre-employment
screening (Figure 1). Thoracic computed tomography
(CT) was performed and revealed diffuse millimetric
nodules, ground-glass opacities, and focal peripheral
calcifications in both lung fields (Figure 2). Based on
these findings, differential diagnoses of PAM, pulmo-
nary alveolar proteinosis (PAP), and hypersensitivity
pneumonitis (HP) were considered.

As part of the diagnostic work-up, bronchoscopy
was performed and transbronchial biopsy was ob-
tained from the posterior segment of the right lower
lobe. Histopathological analysis demonstrated con-
centrically layered calcifications filling the alveolar
spaces, confirming the diagnosis of PAM (Figure 3,4).

The patient was advised to stop smoking and started
inhaled therapy for accompanying COPD.

INTRODUCTION

PAM is a rare autosomal recessive lung disease caused
by inactivating mutations in the SLC34A2 gene,
which encodes the sodium-phosphate cotransporter
expressed in pulmonary epithelium.! This defect leads
to phosphate accumulation within the alveolar spaces
and the formation of hydroxyapatite microliths.

The majority of patients are asymptomatic at the
time of diagnosis, and the disease is often incidentally
detected during routine examinations performed for

other reasons. However, in cases of PAM, a positive
family history can facilitate diagnosis.>® PAM may af-
fect individuals of all ages, from early childhood to
advanced age. Nevertheless, affected individuals typ-
ically become symptomatic during the third or fourth
decade of life.>*

Figure 1. Posteroanterior chest radiograph of the patient from 2016. The image demonstrates prominent nodular opacities

predominantly in the bilateral lower lung zones.
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Figure 2. Widespread calcified micronodules ranging in diameter from 2 to 4 mm are observed, with more prominent calci-
fied opacities noted particularly in the lower lung zones.

Figure 4. Numerous lamellated calcified structures within peribronchial area consistent with pulmonary microlithiasis.
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Chest radiographs typically demonstrate diffuse,
hyperdense micronodular infiltrates resembling a
“sandstorm” pattern. In patients with a suggestive
family history, this radiographic appearance may be
sufficient to establish the diagnosis without the need
for further invasive testing.’

PAM was first described in 1686 by the renowned
Italian anatomist Marcello Malpighi. Although Mal-
pighi observed calcified structures in the lung paren-
chyma during his microscopic examinations, the eti-
ology or clinical presentation of the disease could not
be clarified at that time. In 1918, Harbitz highlighted
the presence of widespread microlith accumulation in
autopsy material and characterized this finding as a
distinct disease. Later, in 1933, Puhr introduced the
term “pulmonary alveolar microlithiasis,” thereby
establishing the disease’s place in the medical litera-
ture.%’ Since then, PAM has been recognized as a rare
disease, and particularly in recent years, molecular
studies have elucidated its genetic basis, confirming
its association with SLC34A2 gene mutations.

Recent advances in pathogenesis and genetics have
contributed to a better understanding of disease het-
erogeneity and genotype-phenotype correlations, yet
no treatment has been proven effective in PAM. This
chapter will review the current knowledge on the clin-
ical, radiological, and pathological features of PAM,
explore recent insights into its genetic and molecular
pathogenesis, and provide an overview of diagnostic
strategies, management options, and future research
perspectives.

EPIDEMIOLOGY

PAM is a rare interstitial lung disease, and the num-
ber of reported cases worldwide remains quite limited.
One of the most significant indicators of this rarity is
found in a comprehensive review conducted by Cas-
tellana et al. in 2015. In that study, a total of 1,022 cas-
es from 65 countries were identified in the literature,
with Turkey, Italy, and Japan being the regions where
PAM has been reported more frequently.” The fact that
the disease is often diagnosed incidentally, the initial-
ly subtle clinical signs and symptoms, and the limited
availability of genetic testing have all contributed to
reduced diagnostic awareness of PAM, leading to its
classification among rare diseases.

PAM is generally diagnosed between the ages of
30 and 50. Both sporadic and familial cases of PAM
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have been reported in the literature. Cases are defined
as “familial” when two or more members of the same
family (usually two or three, but in rare instances four,
five, or even six) are affected by the disease, and as
“sporadic” when no family history is present.® While
no significant overall gender predominance has been
observed among all reported cases, sporadic cases
are more common in males, whereas familial cases
are much more frequently seen in females.”® Familial
cases account for approximately 30% to 50% of all
reported PAM cases.’

PATHOGENESIS AND GENETICS

PAM results from genetic variants in SLC34A2,
which encodes the NaPi-IIb. SLC34A2 is located on
the short arm of chromosome 4 (4p15.2) and consists
of 12 coding exons. The 690-amino acid protein Na-
Pi-IIb is a member of the SLC34 solute carrier fami-
ly, which also includes NaPi-Ila (SLC34A1) and Na-
Pi-IIc (SLC34A3). These cotransporters play essential
roles in maintaining systemic phosphate homeostasis
by regulating phosphate transport in the kidney (Na-
Pi-IIa, NaPi-Ilc) and the intestine (NaPi-IIb).!"°

NaPi-IIb mRNA is expressed in various organs, in-
cluding the small intestine, mammary gland, kidney,
and liver, and is highly expressed in type II alveolar
cells in the lungs.!" NaPi-IIb likely plays a crucial role
in regulating phosphate (Pi) levels in the fluid lining
the alveolar spaces.’” Dysfunction of NaPi-IIb caused
by variants in the SLC34A2 gene leads to impaired
cellular uptake of Pi, resulting in elevated phosphate
concentrations within the alveolar spaces. This excess
phosphate subsequently precipitates with extracellular
calcium, leading to crystal formation.'*!?

To date, at least 34 allelic variants associated with
PAM have been reported in approximately 68 patients
in the literature.'® These variants are located in various
coding regions of the gene and consist of point muta-
tions or deletions affecting single or multiple exons.'
Although almost all patients in the literature who have
undergone genetic evaluation have been found to car-
ry pathogenic variants in SLC34A2, genetic testing is
not yet part of routine diagnostic assessment. Howev-
er, genetic investigation is increasingly being recom-
mended."

Although genetic analyses have clearly demon-

strated that the disease is caused by mutations in the
SLC34A2 gene, sporadic cases of PAM continue to
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be reported in the literature.”! Interestingly, in some
of these cases, even though pathogenic variants in
SLC34A2 are identified in affected individuals, the
same mutations are present in family members who
do not exhibit the disease. This observation suggests
that the genetic penetrance of the disease may be in-
complete or that certain environmental and epigenetic
factors might contribute to the phenotypic expression
of the disorder. Sporadic cases are often diagnosed
incidentally during radiological imaging, and in the
absence of a positive family history, the diagnostic
process may be delayed. These features of sporadic
cases provide important clinical evidence that PAM
may involve a more complex pathogenic process be-
yond being solely a genetic disorder.

CLINICAL MANIFESTATIONS

PAM, a disease with a wide spectrum of clinical pre-
sentation, involves two main domains: pulmonary and
extrapulmonary manifestations.

Pulmonary Manifestations

Most patients with PAM are asymptomatic at the time
of diagnosis and are typically diagnosed incidental-
ly during routine or unrelated chest imaging.' The
disease generally follows a relatively slow progres-
sion, and there is usually a long latency period before
clinical symptoms appear. As the disease advances,
patients may develop exertional dyspnea and a dry
cough; however, these symptoms often remain mild
relative to the severity of the radiological findings.
This phenomenon is referred to as clinical-radiolog-
ical dissociation.b

With further progression, patients commonly ex-
perience dyspnea on exertion, and other symptoms
such as cough, chest pain, hemoptysis, asthenia, and
pneumothorax have also been reported. Physical ex-
amination findings may be unremarkable, particularly
in mild to moderate cases. When present, peripheral or
central cyanosis and digital clubbing are the most fre-
quently observed findings; however, none of these are
specific to PAM. Lung auscultation may be normal,
but pathological findings such as fine crackles in both
lungs or decreased breath sounds, particularly in the
lower lung zones, can also be detected.!®

Clinical suspicion plays a crucial role in establish-
ing the diagnosis of PAM. In the presence of a family
history of PAM, further diagnostic evaluation is war-
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ranted even if symptoms and clinical findings are not
clearly suggestive. When compatible symptoms are
present, the diagnostic work-up typically begins with
chest radiography and pulmonary function testing. In
the early stages of the disease, pulmonary function
tests (PFTs) are often normal. However, with dis-
ease progression, impaired ventilation may develop,
eventually leading to reductions in total lung capaci-
ty (TLC) and diffusing capacity for carbon monoxide
(DLco). As the disease advances, impairment in the
six-minute walk test and oxygen desaturation during
exertion are commonly observed.!”

PAM is characterized by the accumulation of calci-
um phosphate microliths within the alveolar spaces of
the lungs, ultimately leading to pulmonary hyperten-
sion, pulmonary fibrosis, and, most often in late mid-
dle age, chronic respiratory failure.'31

Extrapulmonary Manifestations

In the vast majority of reported PAM cases, the dis-
ease remains confined to the lungs. However, in rare
case reports, microlith accumulation has also been
described in extrapulmonary sites such as the pleura,
sympathetic ganglia, epididymis, seminal vesicles,
and prostate.® Due to the rarity of PAM and the pre-
dominance of case reports in the literature, it remains
challenging to establish a causal relationship between
extrapulmonary calcifications and Npt2b gene mu-
tations. Reported forms of heterotopic ossification
include medullary nephrocalcinosis, nephrolithia-
sis, cholelithiasis, testicular microlithiasis (as well
as calcifications in the seminal vesicles, epididymis,
and periurethral areas), and calcifications of the aor-
tic valve, mitral valve, and pericardium. Among these,
testicular microlithiasis is of particular interest be-
cause of its reported association with testicular cancer.
However, since testicular microlithiasis is relatively
common in the general population (approximately
10% of males), it remains unclear whether calcifica-
tions in this organ in PAM patients are directly related
to Npt2b mutations.'®

that the
SLC34A2 gene is expressed not only in the alveo-

Recent reports have demonstrated
lar epithelium but also in cardiac valve tissue. Gene
expression analyses revealed significant levels of
SLC34A2 mRNA in aortic valve tissue obtained from
a 75-year-old male patient diagnosed with PAM, sug-
gesting that this transporter may also play a role in the



Yigit

Pulmonary Alveolar Microlitiasis

cardiac valves.? In another case, advanced evaluation
of a 45-year-old male presenting with cardiac symp-
toms revealed pulmonary hypertension and calcifica-
tions involving the tricuspid valve.?! These findings
raise the possibility that SLC34A2 mutations may not
be limited to microlith accumulation in the lungs but
could also be associated with cardiac pathologies such
as calcific valve disease.

Additionally, several comorbid conditions have
been reported in association with PAM in the litera-
ture, mostly as case reports. These include pectus ex-
cavatum, hypertrophic pulmonary osteoarthropathy,
milk-alkali syndrome, diaphyseal aclasia, autosomal
recessive Waardenburg anophthalmia syndrome, and
lymphocytic interstitial pneumonitis.?>*” Moreover, a
case of PAM developing after varicella-zoster virus
infection was reported in a patient diagnosed with an-
tiphospholipid syndrome and discoid lupus erythema-
tosus.’

PULMONARY FUNCTION TESTS

Although PFTs are often normal in the early stages of
the disease, they can vary widely depending on the ex-
tent of pulmonary involvement, ranging up to severe
restrictive impairment.”® As the disease progresses,
the most prominent and commonly observed function-
al abnormality is a decrease in diffusing capacity for
carbon monoxide (DLCO). These findings typically
worsen over time in parallel with disease progression.
Similarly, six-minute walk tests demonstrate reduced
distance and oxygen desaturation as the disease dete-
riorates.’

RADIOLOGICAL FINDINGS

Since radiological findings are key elements in rais-
ing suspicion for PAM, even in asymptomatic patients
with incidental findings, these findings will be dis-
cussed separately for chest radiography and thoracic
CT.

Chest Radiography

Conventional chest radiography often provides the
first indication for the diagnosis of PAM. Classical
findings on chest X-ray include fine, granular-appear-
ing micronodules, or hyperdense ground glass opaci-
ty throughout both lungs, often predominating in the
lower two-thirds of lung regions, which (when severe)
can completely obscure the mediastinal and diaphrag-

matic borders.'® These infiltrates appear as fine, sand-
like opacities on chest X-rays, which has led to the
description of a “sandstorm-like” pattern.” Notably,
the pronounced radiographic findings can be striking-
ly discordant with the clinical presentation, as patients
may be entirely asymptomatic.

A characteristic hyperlucent area known as the
“black pleural line” is frequently observed on chest ra-
diographs. This finding arises due to small, thin-walled
subpleural cysts located between the lung parenchyma
and the ribs. However, accurate identification and dif-
ferential diagnosis of this sign require confirmation by
high-resolution computed tomography (HRCT).?

As the disease progresses, increased lung paren-
chymal density may obscure cardiac borders, dia-
phragms, costophrenic angles, and cardiophrenic sul-
ci, resulting in a radiographic appearance known as

the “vanishing heart sign”.¢

High-Resolution Computed Tomography

HRCT is the most useful radiological modality for the
diagnosis of PAM. In settings with limited diagnostic
resources, radiological methods are primarily relied
upon for diagnosing PAM. Typically microliths are
distributed diffusely but produce widespread, hyper-
dense micronodular ground-glass opacities that are
most prominent in the posterior segments of the lower
lobes and the anterior segments of the upper lobes.5

When HRCT findings are characteristic, espe-
cially in individuals with a positive family history,
the diagnosis can be considered definitive.”” In such
cases, diagnosis may be established based solely on
HRCT without the need for invasive procedures. This
approach both expedites the diagnostic process and
spares patients from unnecessary invasive interven-
tions.

A four-stage radiological progression model has
been described for PAM:6%

1. Pre-calcific Stage: The initial, pre-calcific stage
is characterized by sparse, minimally calcified
microliths accompanied by diffuse ground-glass
opacities. This radiologic pattern has been reported
primarily in asymptomatic children, and its pres-
ence in adults remains uncertain.

2. Nodular (Sandstorm) Stage: The radiograph has
a “sandy” appearance with scattered calcified mi-
cronodules of diameters varying between 2 and
4 mm and preserved cardiac and diaphragmatic
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borders. This appearance is described as “sand-
storm-like” infiltrates and represents the classic
radiological finding of the disease.

3. Progressive Interstitial Stage: Over time, inter-
stitial thickening increases, calcified infiltrates
become denser, and the cardiac and diaphragmat-
ic borders may become obscured. The spread of
opacities becomes more pronounced.

4. Fibrocalcific (Lung Whitening) Stage: The ter-
minal stage is marked by widespread calcification
of the interstitial tissues, often accompanied by
pleural involvement, resulting in a “whitish” ap-
pearance of the lungs on imaging, with the apical
areas relatively spared. In some cases, this may
progress into areas of extensive calcification and
consolidation. In some cases, relative sparing of
the apical regions has been reported. Localized
areas of dense calcification may occasionally be
detected in this stage.

The first stage is typically observed during child-
hood, the second during adolescence, while the latter
two stages generally appear later in life.

Thoracic Ultrasonography

Lung ultrasound can visualize pleural thickening and
irregularities associated with PAM, as well as micro-
liths appearing as hyperechoic foci without acoustic
shadowing. However, in a patient diagnosed with
PAM, thoracic ultrasonography produced findings that
were unexpectedly inconsistent with HRCT results.?!
Given that HRCT is considered the gold standard in
the diagnosis of PAM, the role and diagnostic contri-
bution of thoracic ultrasound remain unclear.*> The
use of this imaging modality in PAM continues to be a
subject of debate in medical literature.

Magnetic Resonance Imaging

While HRCT remains the primary imaging modality
for the diagnosis of PAM, magnetic resonance imaging
(MRI) has been considered as a complementary tool,
particularly in research settings and in advanced cases.
Hoshino et al. reported that numerous microliths, pre-
dominantly located in the lower lung zones, appeared
with increased signal intensity on T1-weighted MRI
sequences in one case.* Calcified microliths generally
present as low-signal (hypointense) or signal voids on
both T1- and T2-weighted MRI sequences; however,
increased signal intensity on T1-weighted images has

W
8]

been observed in some cases.?® Nevertheless, in a case
series of five patients published by Hizal et al. The au-
thors were unable to detect the increased signal inten-
sity on MRI that Hoshino et al. had described, indicat-
ing that MRI might not provide additional diagnostic
or follow-up value in PAM patients.**

Positron Emission Tomography (PET)

The role of 18F-FDG PET/CT in PAM has been
proposed by several authors, suggesting that it may
demonstrate variable patterns of pulmonary involve-
ment as evidence of an underlying inflammatory pro-
cess.” In a case reported by Ito et al., an increased
FDG uptake was observed in lung regions spared from
calcification, whereas no significant FDG uptake was
detected in areas with dense calcifications.*® This find-
ing suggests that inflammation in these heavily calci-
fied regions likely resolved long before, resulting in
reduced metabolic activity. Therefore, FDG-PET has
been reported to provide limited diagnostic or fol-
low-up value in PAM.

In 2013, Shahoo et al. proposed the use of 18F-so-
dium fluoride PET/CT for the diagnosis of PAM. In
this modality, areas of dense calcification that showed
no uptake on FDG-PET demonstrated significant ra-
diotracer accumulation, producing an imaging pattern
described as the “hot furnace lung” appearance.”’ Due
to sodium fluoride’s high affinity for calcified tissues
and the superior resolution of PET imaging, this tech-
nique allows for a clearer assessment of pulmonary
calcifications and enables monitoring of disease pro-
gression in PAM. As a result, 18F-sodium fluoride
PET/CT has emerged as a potentially more valuable
imaging modality for both the diagnosis and follow-up
of PAM compared to FDG-PET. However, because of
its limited availability in many centers and concerns
regarding cost-effectiveness, its use is generally re-
served for selected cases, particularly in PAM patients
with suspected extrapulmonary involvement requiring
advanced diagnostic evaluation.

PATHOLOGY
Bronchoscopy/Bronchoalveolar Lavage

The identification of microliths in BAL fluid is con-
sidered sufficient for diagnosis when accompanied by
compatible clinical findings and HRCT features.?

Microliths in sputum are not entirely specific to
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PAM and may occasionally be observed in patients
with COPD or lung cancer. However, histological ex-
amination demonstrating the characteristic lamellar
structure of microliths can aid in differentiating them
from other airway calculi. For instance, Curschmann’s
spirals, associated with asthma and chronic bronchi-
tis, are composed of glycoproteins and are typically
non-calcified. By contrast, the demonstration of the
distinctive lamellar architecture of microliths in his-
tological sections is a helpful distinguishing feature in
the differential diagnosis of PAM.6

In addition, scanning electron microscopy (SEM)
of BAL specimens can further support the diagnosis.
SEM may reveal the spherical structure of microliths
with a characteristic porous surface resembling corti-
cal bone.S

Transbronchial Biopsy/Surgical Biopsy

In general, the radiographic features of PAM are so
distinctive that the diagnosis can often be confidently
established based on imaging alone. In cases where
a definitive diagnosis cannot be established radio-
logically, it may be necessary to begin with the least
invasive sampling method. Bronchoscopy allows for
bronchoalveolar lavage (BAL) and lung biopsies via
transbronchial forceps or cryobiopsy, depending on
the expertise of the center.”® Surgical lung biopsy via
video-assisted thoracoscopic surgery (VATS) should
be reserved for rare instances where noninvasive di-
agnostic methods fail to yield a definitive diagnosis.
Histopathologically, PAM is characterized by numer-
ous intra-alveolar microliths accompanied by inter-
stitial fibrosis and thickening of the alveolar septa.'s
Histopathological examination reveals numerous in-
tra-alveolar microliths occupying the alveolar spaces.
These microliths exhibit a lamellar structure and dis-
play a purple-brown coloration, resembling psammo-
ma bodies in morphology. A characteristic pericentral
crescent-shaped halo is frequently observed surround-
ing the microliths.?

DIFFERENTIAL DIAGNOSIS

Clinicians should be aware that certain features of
PAM, such as its nodular calcification pattern, may
also be seen in other disorders. Conditions that can
present relatively similar radiologic features include
miliary tuberculosis, metastatic pulmonary -calcifi-
cation, sarcoidosis, pneumoconiosis, and dystrophic
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calcifications related to infectious or occupational
etiologies. Particular caution is warranted in coun-
tries where tuberculosis remains endemic. Although
miliary tuberculosis accounts for only 1-2% of all tu-
berculosis cases, it is still more common than PAM
and often ranks higher on the differential diagnosis list
when a miliary nodular pattern is observed on chest
radiography.®®

In addition to miliary tuberculosis, the differential
diagnosis of PAM includes PAP, nodular pulmonary
ossification, metastatic or dystrophic pulmonary cal-
cification, post-varicella pneumonia, pneumoconiosis,
and pulmonary amyloidosis.'® In most cases, clinical
history and laboratory investigations are sufficient to
exclude these alternative diagnoses.

In the diseases included in the differential diagno-
sis, the patterns of calcification differ, and only rarely
they progress to obscure the cardiac silhouette as can
occasionally be seen in PAM. Unlike PAM, where cal-
cifications are almost exclusively intra-alveolar, the
metastatic and dystrophic calcifications seen in these
mimickers are typically located in the interstitial or
vascular compartments.?

Although miliary tuberculosis is included in the
differential diagnosis of PAM, it should also be care-
fully considered as a potential coexisting condition.
In the series of 1,022 cases by Castellana et al., five
patients were reported to have a concurrent diagnosis
of pulmonary tuberculosis.” Additionally, several case
reports in the literature have documented tuberculosis
as a comorbidity in patients diagnosed with PAM.>*
#! Therefore, clinicians should remain vigilant for the
development of tuberculosis in patients with PAM. In
cases of concurrent tuberculosis, treatment strategies
must be carefully planned, and response to anti-tuber-
culous therapy should be closely monitored.

TREATMENT

PAM is a rare and slowly progressive disease for
which no standardized effective treatment protocol
has yet been established. Currently, there is no defin-
itive or curative therapy available for PAM. Various
pharmacological and supportive treatment options
have been attempted; however, these approaches are
generally aimed at alleviating symptoms or slowing
disease progression. The literature consists mostly
of individual case reports and some case series with
small numbers of patients, and the reported treatment
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responses remain heterogeneous. As a result, thera-
peutic decisions are typically individualized and based
on clinical experience. Lung transplantation remains
the only known effective treatment for advanced-stage
PAM, although there is no standardized surgical proto-
col, and data on long-term outcomes are still lacking.
The current management strategy focuses on symp-
tomatic treatment, prevention of complications, man-
agement of comorbidities, and improvement of quality
of life. This section will provide a detailed discussion
of therapeutic approaches used in PAM and a review
of the most recent findings in the literature.

Bisphosphonates bind to bone mineral surfaces
and inhibit osteoclast differentiation, activity, and
survival, thereby reducing osteoclast-mediated bone
resorption. While agents like alendronate and risedro-
nate are more potent inhibitors of osteoclast function,
disodium etidronate exhibits comparatively lower
anti-resorptive potency. However, in the context of
PAM, disodium etidronate is theorized to offer a dis-
tinct advantage by interfering with the formation of
hydroxyapatite crystals.®

Gocmen et al. reported the use of disodium eti-
dronate therapy in a 3.5-year-old girl diagnosed with
PAM. The treatment was administered at a dose of 15
mg/kg/day for approximately 36 months. Following
therapy, partial clearing was observed in the basal re-
gions of the lungs on chest radiographs, and an im-
provement in the patient’s symptoms was reported. No
serious adverse effects were noted during the course
of treatment. This observation suggested that bisphos-
phonates may have a potential role in the treatment
of PAM.** Mariotta et al. reported on a two-case se-
ries, describing the disease progression in one of their
patients. In this progressive case, no radiological im-
provement was observed following a 6-month course
of disodium etidronate therapy.” Similarly, Jankovi¢
et al. (2002) administered a disodium etidronate-based
treatment regimen to an 8.5 year old girl diagnosed
with PAM over a period of 18 months but reported
no significant clinical or radiological improvement.**
In 2010, Ozcelik et al. reported clinical and radiolog-
ical improvement in two PAM patients who had been
treated with disodium etidronate for 9 and 11 years,
respectively.® In 2015, Cakir et al. described three
siblings from the same family diagnosed with PAM
an 11 year old boy and 4 year old twin sisters. The
patients received daily disodium etidronate therapy
at a dose of 200 mg for one year. At the end of the
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treatment period, radiological improvement was ob-
served in two siblings, while no response was noted
in the third. Although no adverse effects were report-
ed during treatment, the uncertainty regarding ther-
apeutic response continues to raise questions about
the definitive role of bisphosphonates in the manage-
ment of PAM.* Although bisphosphonate treatments
have been reported at the case-based information in
the literature, their role in PAM management remains
unclear due to heterogeneous clinical responses, and
their definitive efficacy is still debated. Additionally,
because of potential adverse effects such as rickets,
hyperphosphatemia, and bone fractures, patients re-
ceiving bisphosphonates should be closely monitored,
with regular assessment of serum and urinary calcium
phosphate levels.’

Azim et al. reported the outcomes of one-year
alendronate sodium therapy in 12 patients diagnosed
with PAM. The study noted significant improvement
in clinical symptoms and pulmonary function tests
following treatment. However, despite this clinical
improvement, no significant changes were observed
in chest radiographs.*® In 2019, a case series from In-
dia involving three PAM patients treated with alen-
dronate sodium was reported. After follow-up periods
of 6 months, 1 year, and 2 months, clinical symptom
improvement was observed in the patients, yet no sig-
nificant radiological changes were detected.* Due to
insufficient evidence, the role of alendronate sodium
therapy in PAM remains unclear.

A 10-year-old girl with histopathological evidence
of both PAM and lymphocytic interstitial pneumonia
showed rapid improvement in lung function and exer-
cise tolerance in response to glucocorticoid therapy.?’
In a patient diagnosed with PAM following varicella
zoster infection, who also had diagnoses of antiphos-
pholipid syndrome and discoid lupus erythematosus,
inhaled budesonide treatment resulted in significant
clinical improvement.® Corticosteroid treatment is
generally considered ineffective in PAM, and any ob-
served benefits are usually attributed to the treatment
of a secondary interstitial inflammatory disease.?®

All PAM patients who experience hypoxemia
during rest, exercise, or sleep should receive supple-
mental oxygen therapy.”! Additionally, smoking ces-
sation is strongly recommended for all patients with
PAM, as smoking may accelerate disease progression.’
Pneumococcal and influenza vaccinations should be
administered to all patients with PAM.>
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Dietary phosphate restriction has been shown to
reduce calcium accumulation and inflammation in
PAM mouse models. However, there is no evidence
yet whether the levels of phosphate restriction fea-
sible for humans (approximately half of the average
daily intake) are sufficient to reduce microlith burden
as observed in experimental animal models. Clinical
recommendations regarding phosphate intake in PAM
patients can only be clarified after safety and efficacy
studies in this area are completed.®

The whole-lung lavage is commonly used for PAP
and, since microliths are localized only in the alveolar
lumen, it is a reasonable treatment strategy for PAM.
Unfortunately, there is no evidence supporting the ef-
fectiveness of this approach.”®

Lung transplantation remains the only definitive
treatment option; in advanced stages of the disease,
bilateral lung transplantation is preferred. However,
due to the lack of prognostic indices and clear guide-
lines, the optimal timing of transplantation remains
uncertain and is generally considered when severe
respiratory failure requiring supplemental oxygen or
right heart failure develops. Therefore, referral of all
patients before the onset of right ventricular dysfunc-
tion is recommended.> Bilateral lung transplantation
is favored over unilateral, as transplanting only one
lung may lead to persistent perfusion through the na-
tive lung, resulting in filling of the alveolar spaces and
the formation of extensive intrapulmonary shunt ar-
eas.’

In 2024, Mardani et al. presented a study summa-
rizing a successful bilateral lung transplantation and a
literature review of 27 published cases in which lung
transplantation was performed for PAM. The mean
age at the time of transplantation across all cases was
47.26 years (SD=1.81), and 22 patients underwent
bilateral transplantation. In terms of outcomes, no
postoperative complications were reported in nine pa-
tients. Only one patient exhibited signs of infection,
and among the postoperative cases who died after
bilateral lung transplantation, widespread pleural in-
volvement and prolonged ECMO duration (6 hours)
were reported as contributing factors to uncontrollable
hemodynamic instability and multiorgan failure.>

To date, there have been no documented cases of
recurrence in the post-transplantation period.’! The
longest recorded survival after lung transplantation
for PAM is 15 years.*
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Post-transplantation complications are among the
leading causes of mortality in patients who undergo
lung transplantation. Infections rank as the second
most common cause of death within the first 30 days
postoperatively and become the leading cause within
the first year. Other postoperative complications, such
as anastomotic stenosis, acute rejection, and reperfu-
sion edema, also contribute significantly to morbidity
and mortality. Many of these complications can be rec-
ognized through characteristic imaging findings. For
instance, infections may present with diffuse ground-
glass opacities, localized atelectasis or consolidation,
small intrapulmonary nodules, peribronchovascular
interstitial thickening, and pleural effusion. Acute re-
jection is typically characterized by diffuse ground-
glass opacities, consolidation, septal thickening, and
pleural effusion. In cases of bronchial stenosis, CT
imaging reveals narrowing of the bronchial lumen.>

PROGNOSIS

Although disease progression in PAM is typically
slow, and most patients are either asymptomatic or
present with only mild symptoms at the time of di-
agnosis, the prognosis is generally considered poor.
Most patients eventually develop exertional dyspnea,
followed by signs of hypoxemia at rest and progres-
sion to respiratory failure. Additionally, many patients
experience secondary cardiac involvement, often as a
complication of pulmonary hypertension, ultimately
leading to cor pulmonale.?®

On average, patients tend to survive 10-20 years
after diagnosis. However, long-term survivors have
been reported, with the longest continuous follow-up
in a PAM patient lasting 58 years.’

CASE ANALYSIS

After a follow-up gap of approximately seven years,
the patient presented again for re-evaluation. He re-
ported a one-year history of dry cough, more promi-
nent in the mornings and triggered by exertion, along
with progressive exertional dyspnea. He denied cough
triggers such as cold air, odors, dust, or smoke. On
physical examination, his general condition was good
and vital signs were stable. Oxygen saturation was
95% on room air, and pulse rate was 84 bpm. Respira-
tory system examination was unremarkable.

Pulmonary function tests revealed a mild restric-
tive ventilatory pattern. The diffusion capacity (DLco)
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was reduced to 51% of predicted, consistent with im-
paired gas exchange secondary to parenchymal in-
volvement. When compared to the chest radiograph
taken in 2016, the previously lower-zone-limited
micronodular opacities had progressed to involve all
lung fields bilaterally (Figure 5). Following the pro-
gression observed on the chest radiograph, a repeat
thoracic CT scan was deemed appropriate. On the
thoracic CT, bilateral micronodules persisted; howev-
er, contrary to expectations, a marked regression was
noted in the calcified density areas previously located
in the basal regions, not the subpleural emphysema in
upper lobes (Figure 6).

The patient was once again advised to quit smok-

ing and to continue inhaled therapy. A low-phosphate
diet was recommended. Family history was reas-
sessed, and no similar disease was identified among
the relatives. Routine follow-up was recommended.

CONCLUSION

Achieving significant progress in the treatment of
PAM requires a better understanding of its underlying
pathophysiology. Designing robust experimental and
clinical studies is essential in this regard. Although
PAM is a rare disease, which may seem to limit the
ability of individual centers to conduct large-scale
studies, international collaboration can enable the for-
mation of broader patient cohorts. While the genetic

Figure 5. Posteroanterior chest radiograph of the patient from 2025. Bilateral widespread areas of nodular opacity are ob-
served. Compared to the initial diagnostic imaging, a noticeable progression in the density of the opacities is evident.

Figure 6. In the 2025 thoracic CT, bilateral widespread ground-glass nodular areas are observed. However, there is a regres-
sion in the calcified opacities located in the posterior segments of the lower lobes compared to the initial diagnostic imaging.
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basis of the disease is increasingly being clarified, no
genetic therapy is currently available. Once the genetic
background is fully elucidated, it will facilitate timely
interventions in terms of early diagnosis, predicting
prognosis, treatment options, and family screening.

The establishment of international registries and
patient databases will not only ensure consistency in
patient follow-up but also ease the design of multi-
center studies. Additionally, developing a disease se-
verity scoring system that incorporates clinical and
radiological parameters would greatly support patient
stratification and research planning.

From a therapeutic perspective, recent insights
into PAM pathogenesis suggest several promising ap-
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ABSTRACT

Acute silicosis is a rare and rapidly progressive lung disease that develops after intense, short-term
exposure to respirable crystalline silica. Acute silicoproteinosis, a severe subtype, is defined by diffuse
intra alveolar accumulation of lipoproteinaceous material and clinically mimics pulmonary alveolar
proteinosis (PAP); recent outbreaks in denim sandblasting and engineered stone fabrication underscore
its current relevance and its predilection for young workers who may progress to respiratory failure
within months. Pathogenesis centers on silica induced injury to alveolar macrophages, with impaired
surfactant clearance, activation of the NLRP3 inflammasome and neutrophilic alveolitis, and early
profibrotic pathway activation.

Clinically, patients develop rapidly worsening exertional dyspnea that may advance to rest dyspnea, to-
gether with dry cough, weight loss, fatigue, and hypoxemia; pulmonary function testing usually shows
restriction with reduced diffusing capacity. Diagnosis integrates exposure history with high resolution
chest CT showing a characteristic crazy paving pattern and bronchoalveolar lavage yielding opaque,
milky fluid rich in PAS positive surfactant material; HRCT may also show air-space consolidations
and centrilobular nodules, while hilar or mediastinal lymphadenopathy with eggshell calcification fa-
vors silica related disease. Microbiologic evaluation, including testing for tuberculosis, is warranted
because silica exposure increases susceptibility to infection.

Management begins with immediate and permanent removal from further silica exposure, followed by
supportive care-oxygen supplementation, pulmonary rehabilitation, and vigilant infection prevention
and treatment. Whole lung lavage can improve oxygenation and symptoms in selected patients with
heavy alveolar filling, while corticosteroids are used empirically with inconsistent, often transient ben-
efit; in progressive or end stage disease, lung transplantation may be the only life saving option. Even
after exposure cessation, retained silica can perpetuate inflammation and fibrogenesis, and whole lung
lavage generally does not halt disease progression. Thus, overall prognosis remains poor in the ab-
sence of curative therapy. Investigational approaches-GM CSF supplementation to restore macrophage
function, antifibrotic agents to slow scarring, targeted anti inflammatory therapies, statins, and mesen-
chymal stem cell-based interventions-are promising but not yet standard. Prevention through stringent
exposure control and proactive medical surveillance remains the most effective strategy.

Keywords: Acute silicosis; Silicoproteinosis; Pulmonary alveolar proteinosis; Lung disease; Silica
exposure; Whole lung lavage; Occupational diseases

OZET

Akut silikozis, solunabilir kristalin silikaya kisa sureli ve yogun maruziyet sonrasinda gelisen, hizli
seyirli ve nadir gorulen bir akciger hastaligidir. Bunun agir bir alt tipi olan akut silikoproteinozis,
alveollerde lipoproteindz materyalin yaygin birikimiyle karakterize olup klinik olarak pulmoner al-
veoler proteinozise benzer. Son yillarda 6zellikle kot kumlama ve kuvars esasli yapay tas tretimi gibi
is kollarinda gorulen olgular, bu tablonun geng is¢ilerde aylar icinde dlumctl solunum yetmezligine
ilerleyebildigini gostermektedir.

Hastaligin patogenezinde alveoler makrofajlarin silikaya bagli hasar1 ve islev kaybi, surfaktanin te-
mizlenemeyerek alveol bosluklarinda birikmesine yol agar. Bu siire¢ NLRP3 inflamazomunun etkin-
lesmesine, notrofil agirlikl inflamatuar yanitin ortaya ¢ikmasina ve erken donemde fibrotik sureclerin
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baglamasina neden olur. Ayrica GM-CSF sinyal bozuklugu, makrofaj olgunlagmasi ve surfaktan geri doniisimiini daha da bozar. Klinik olarak
efor dispnesi hizla artar ve kisa suirede istirahat dispnesine ilerler; kuru oksuriik, kilo kaybi, halsizlik ve hipoksemi sik goriilen bulgulardir.
Tani, ayrintili mesleki oyku ile birlikte yuksek ¢ozunurluklu toraks BT de “crazy-paving” olarak bilinen tipik goruntuniin saptanmasina ve
bronkoalveoler lavaj sivisinda PAS-pozitif proteindz materyalin gosterilmesine dayanir. HRCT de alveoler konsolidasyonlar ve sentrilobiiler
noduller gorulebilir; mediastinal lenf nodlarinda “yumurta kabugu” tarzi kalsifikasyon silika maruziyetini destekler. Pulmoner fonksiyon testle-
rinde restriktif patern ve karbonmonoksit difuzyon kapasitesinde belirgin azalma izlenir. Ayirici tanida idiyopatik PAP, ARDS ve enfeksiyonlar
diglanmalidir.

Tedavinin temelini maruziyetin derhal ve kalic1 olarak kesilmesi olusturur. Destek tedavi kapsaminda oksijen destegi, pulmoner rehabilitasyon
ve enfeksiyonlarin donlenmesi esastir. Belirgin alveoler tutulumu olan olgularda tum akciger lavaji gegici klinik duzelme saglayabilir. Kortikos-
teroidler ampirik olarak kullanilmakla birlikte etkinligi sinirlidir. Ilerlemis hastalikta akciger nakli yasam kurtarici tek se¢enek olabilir. Ancak
mevcut tedavilere ragmen kiir saglayan bir yontem yoktur ve prognoz genellikle kotudur.

Gelecekte GM-CSF takviyesi, antifibrotik ilaglar, inflamasyonu baskilayan tedaviler ve mezenkimal kok hiicre uygulamalar gibi yaklagimlar
umut vaat etmektedir. Bununla birlikte, bu ciddi meslek hastaligini onlemenin en etkili yolu, igyerinde toz kontroluniin saglanmasi ve risk altin-
daki is¢ilerin duzenli saglik izlemi ile erken tan1 konulmasidir.

Anahtar Kelimeler: Akut silikozis; Silikoproteinozis; Alveoler proteinozis; Akciger hastaligi; Silika maruziyeti; Total akciger lavaji; Meslek
hastaliklar

INTRODUCTION teinosis remains highly relevant in the modern era. In

recent years, it has re-emerged as an important occu-
Silicosis is a chronic occupational lung disease caused

by inhalation of respirable crystalline silica dust, tradi-
tionally categorized into three clinical forms based on

pational health concern due to outbreaks in industries
with extremely high silica dust exposure, such as en-
gineered stone fabrication for countertops and denim

exposure intensity and duration: chronic, accelerated, sandblasting.* 0

and acute silicosis.! Among these forms, acute silico-
sis is arare, severe, and rapidly progressive entity aris- EPIDEMIOLOGY
ing after brief, intense exposure to high concentrations

of silica dust, typically manifesting clinically within Silicosis remains a significant occupational lung
weeks to a few years after initial exposure.? Unlike the disease, contributing substantially to global morbid-
chronic form characterized by slow progression with ity and mortality."" Recent analyses indicate that the
silicotic nodules, acute silicosis rapidly advances, fre- global burden of silicosis, measured by incidence and
quently resulting in severe respiratory impairment, re- mortality, remains high, especially in low- and mid-
spiratory failure, and death.’ dle-income countries.'> From 1990 to 2021, although

Silicoproteinosis is a form of acute silicosis, first age-standardized incidence rates have modestly de-

clearly described in a cohort of heavily exposed sand- clined due to demographic shifts, the absolute annu-

blasters.* It involves diffuse alveolar accumulation al numbers of new cases and silicosis-related deaths

. 12 T ol e L
of surfactant-rich, lipoproteinaceous material within have increased.™" High incidence rates persist in
countries with significant mining and sandblasting in-
dustries, including China, South Africa, and Chile, but

cases continue to be documented even in high-income

alveolar spaces, closely resembling pulmonary alve-
olar proteinosis (PAP).” Subsequent reports, including

clusters among tombstone sandblasters in the 1970s,
nations, highlighting silicosis as an ongoing global

public health issue.!!

established acute silicoproteinosis as a fulminant clin-
ical entity often resulting in death within a few years

of onset.® In silicoproteinosis, severe alveolar mac- Acute silicosis, including the silicoproteinosis sub-
rophage injury impairs surfactant clearance, causing type, accounts for a smaller proportion of cases com-
persistent accumulation of protein-lipid material with- pared to chronic forms but is increasingly recognized
in airspaces.”’ Therefore, silicoproteinosis represents due to short-term, intense silica exposures, particular-
an acute silicotic alveolar proteinosis characterized by ly in engineered stone fabrication, mining, tunneling,
alveolar filling rather than the fibrotic nodules typical and unregulated sandblasting operations.'*'> Engi-
in chronic silicosis, indicating a severe disruption of neered stone, commonly containing over 90% crystal-
pulmonary surfactant homeostasis due to intense sil- line silica, has become popular for kitchen and bath-
ica exposure. Although uncommon, acute silicopro- room countertops, resulting in significant outbreaks

63



Akgiin

Acute Silicosis/Silicoproteinosis

among fabricators who inadequately control silica
dust.”® Acute silicoproteinosis outbreaks have been
documented in Israel, Spain, Australia, and multiple
clusters in the United States, predominantly affecting
young workers (20-40 years old) who develop severe
disease after relatively short exposure durations, of-
ten less than 10 years.'*!5 The earliest major outbreaks
linked to engineered stone occurred around 2010-
2012 in Israel and Spain, prompting global awareness
and screening initiatives.'*!> In Queensland, Australia,
systematic screening revealed silicosis prevalence
rates ranging approximately from 12% to 21%, re-
flecting the substantial risk associated with this mate-
rial and high exposure in certain workplaces.!®

PATHOGENESIS

Acute silicoproteinosis results from overwhelming
exposure to respirable crystalline silica, leading to al-
veolar macrophage dysfunction, surfactant accumula-
tion, acute inflammation, and early fibrogenesis.

Alveolar Macrophage Injury and Surfactant Ac-
cumulation: Following inhalation, silica particles
less than 5 ym in diameter are deposited in the distal
alveoli and phagocytosed by resident alveolar mac-
rophages.'” High intracellular silica burden disrupts
phagolysosomal membranes, leading to leakage of
proteolytic enzymes, generation of reactive oxygen
species, and induction of apoptosis and pyroptosis.'®
As macrophages undergo functional impairment and
depletion, their capacity to catabolize and recycle
surfactant diminishes. The resultant accumulation of
phospholipids and surfactant proteins forms dense, li-
poproteinaceous material within alveolar spaces.'® Bi-
refringent silica crystals are often observed within this
material on polarized light microscopy.? The filling of
alveoli with this proteinaceous substance severely im-
pairs gas exchange.!” 8

Disruption of GM-CSF Signaling: Granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF) is essential for alveolar macrophage differen-
tiation and surfactant metabolism.”® Silica-induced
injury creates a state of functional GM-CSF deficien-
cy, mirroring the mechanism observed in autoimmune
pulmonary alveolar proteinosis.'®!* Surviving macro-
phages frequently exhibit reduced responsiveness to
GM-CSF, further impairing surfactant clearance.' In
rare cases, silica exposure may trigger an autoimmune
response, leading to production of anti-GM-CSF auto-
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antibodies and further exacerbating alveolar dysfunc-
tion.'s

NLRP3 Inflammasome Activation and Acute
Inflammation: Crystalline silica strongly activates
the NLRP3 inflammasome in alveolar macrophages,
resulting in caspase-1-mediated processing and re-
lease of proinflammatory cytokines, particularly inter-
leukin-1f (IL-1pB) and interleukin-18 (IL-18).° These
cytokines recruit neutrophils to the alveolar space,
contributing to neutrophilic alveolitis and enhancing
tissue injury through the release of proteases and ox-
idative radicals.?*?' Concurrent activation of toll-like
receptor 4 and NF-«kB signaling further amplifies in-
flammasome gene expression and cytokine produc-
tion.”!

Pyroptosis and Inflammatory Amplification:
Pyroptosis, a proinflammatory form of programmed
cell death mediated by gasdermin D, is triggered in
silica-exposed macrophages. This process results in
cellular lysis and the release of IL-1p and damage-as-
sociated molecular patterns, perpetuating a feedback
loop of inflammation, surfactant accumulation, and
cellular injury."

Early-Onset Fibrosis: Although acute silicopro-
teinosis is defined by alveolar filling rather than fi-
brotic nodule formation, fibrogenic processes can be-
gin early. Transforming growth factor B (TGF-f) and
other profibrotic cytokines are upregulated in response
to epithelial injury and chronic inflammation, leading
to fibroblast activation and collagen deposition. These
changes may contribute to progressive respiratory im-
pairment, even after cessation of exposure.?!

RANKL-Mediated Osteoclast-like Macrophage
Transformation: Recent experimental studies have
identified an additional pathway in which silica ex-
posure induces the expression of receptor activator of
nuclear factor kB ligand (RANKL) in lung tissue. This
promotes transdifferentiation of alveolar macrophages
into osteoclast-like cells that express tartrate-resis-
tant acid phosphatase and degrade extracellular ma-
trix components. Although demonstrated primarily in
animal models, this mechanism suggests a novel con-
tributor to lung remodeling and irreversible structur-
al damage in acute silicosis. It also offers a potential
therapeutic target, as RANKL inhibition may prevent
silica-induced matrix degradation and preserve alveo-
lar architecture.?
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CLINICAL MANIFESTATION

Symptoms usually begin within weeks to several
months following high exposure and progress rapidly.
The clinical presentation is dominated by progressive
dyspnea on exertion, which can quickly advance to
dyspnea at rest. Patients frequently have a persistent
dry cough, fatigue, and unintended weight loss.>?2*
In some cases, patients produce small amounts of
whitish, frothy sputum, reflecting surfactant-rich pro-
teinaceous material.’> Constitutional symptoms such
as low-grade fever, night sweats, and malaise may be
present, reflecting underlying inflammation. Pleuritic
chest pain has been reported in some instances. High
fever is uncommon unless secondary infections (e.g.,
tuberculosis or bacterial pneumonia) are present.>®

On physical examination, patients commonly
demonstrate tachypnea and diffuse bilateral inspira-
tory crackles on auscultation, indicating widespread
alveolar involvement. In advanced stages, signs of
hypoxemia such as cyanosis and digital clubbing may
be noted. Chronic hypoxia can lead to pulmonary hy-
pertension and right-sided heart strain (cor pulmona-
le).2325

A detailed occupational and environmental history
is essential. Most patients are relatively young adults
with recent work histories in high-exposure settings,
including denim sandblasting, artificial stone fabri-
cation, mining, or tunnel excavation. Exposures are
frequently described as intense and poorly controlled,
with little or no respiratory protection. In outbreak
settings, such as the Turkish denim sandblasting epi-
demic, many patients presented similarly within short
intervals after exposure. Awareness of such industri-
al practices, even if illegal or unregulated, is crucial.
Eliciting a clear temporal relationship between symp-
tom onset and recent silica-intensive occupations can
facilitate timely suspicion, diagnosis, and interven-
tion.'©

DIFFERENTIAL DIAGNOSIS

Several conditions may mimic the clinical and radio-
graphic presentation of acute silicoproteinosis. Dif-
ferentiation is critical, as management strategies and
prognoses vary widely.

Idiopathic Pulmonary Alveolar Proteinosis (Pap)

This rare autoimmune condition resembles silicopro-
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teinosis radiographically and histologically (with a
characteristic crazy-paving pattern and alveolar fill-
ing) but typically occurs without occupational silica
exposure.”® Autoimmune PAP commonly presents with
elevated serum GM-CSF autoantibodies and generally
follows a more indolent clinical course compared to
silicoproteinosis. Testing for GM-CSF autoantibodies
aids in distinguishing idiopathic PAP from secondary
forms. In acute silicoproteinosis, GM-CSF antibody
testing is usually negative, unless a rare overlap with
autoimmune PAP occurs.?”’

Acute Respiratory Distress Syndrome (Ards)

ARDS may present acute-onset severe dyspnea and
diffuse bilateral pulmonary infiltrates similar to acute
silicoproteinosis. However, ARDS is usually associat-
ed with an identifiable precipitant (e.g., sepsis, aspira-
tion, trauma) and rapidly develops over hours to days.
On imaging, ARDS typically exhibits dependent con-
solidations and lacks the smooth, interlobular septal
thickening characteristic of silicoproteinosis. Clinical
history of acute insult and rapid progression helps dif-
ferentiate ARDS from acute silicoproteinosis.?

Infectious Causes

Miliary tuberculosis should be considered, particu-
larly given silica exposure’s known association with
increased susceptibility to tuberculosis.” Radiolog-
ically, miliary TB is characterized by diffuse micro-
nodular infiltrates (1-3 mm nodules) throughout the
lungs, rather than the alveolar-filling pattern seen in
silicoproteinosis.* Pneumocystis jirovecii pneumonia
(PCP), particularly in immunocompromised individ-
uals, presents with subacute dyspnea, fever, and dif-
fuse ground-glass opacities, lacking the typical alveo-
lar-proteinosis filling seen in acute silicoproteinosis.’!
Other fungal infections and endemic mycoses (e.g.,
histoplasmosis) may rarely mimic acute silicopro-
teinosis, but generally exhibit systemic or extrapul-
monary involvement.

Hypersensitivity Pneumonitis (Hp)

Caused by inhalation of organic antigens, HP can
present with diffuse lung disease and imaging findings
like silicoproteinosis. However, HP imaging typically
demonstrates centrilobular ground-glass nodules and
mosaic attenuation, rather than uniform alveolar fill-
ing.* Bronchoalveolar lavage (BAL) in HP usually re-
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veals marked lymphocytosis, whereas acute silicopro-
teinosis BAL predominantly shows neutrophils and
a characteristic milky appearance due to surfactant
accumulation.*® Exposure history and positive serum
precipitins further support an HP diagnosis.

By integrating clinical course, occupational expo-
sure history, imaging features, and laboratory data, cli-
nicians can reliably differentiate acute silicoproteino-
sis from these overlapping entities.

DIAGNOSTIC EVALUATION

Imaging: High-resolution computed tomography
(HRCT) of the chest is the cornerstone of diagnos-
ing acute silicoproteinosis. A typical early finding
on HRCT is extensive bilateral ground-glass opacity
with superimposed interlobular and intralobular septal
thickening, the classic “crazy-paving” pattern.*® This
appearance reflects diffuse alveolar filling and inter-
stitial infiltration.** However, acute silicoproteino-
sis often demonstrates additional features not typi-
cally seen in idiopathic alveolar proteinosis. HRCT
frequently reveals bilateral air-space consolidations
(often posterior) along with numerous centrilobular
nodules (2-5 mm).*** These findings reflect silica
dust deposition and inflammatory reaction in small
airways. Calcification within areas of consolidation is
unusual and strongly suggests silica-related disease.**

Studies indicate the crazy-paving pattern may be
less common than in idiopathic PAP; instead, silico-
proteinosis often has a nodular and confluent appear-
ance.*® Hilar or mediastinal lymph node enlargement
with eggshell calcification strongly favors silica-in-
duced disease over idiopathic PAP.** Conventional
chest radiography is less sensitive, showing bilateral
alveolar infiltrates or fine reticulonodular patterns, of-
ten lagging behind HRCT findings. An HRCT is ad-
vised whenever acute silicosis is considered.’’

Pulmonary Function Tests (PFTs): PFTs typical-
ly demonstrate a restrictive ventilatory defect, with re-
duced forced vital capacity (FVC), total lung capacity
(TLC), and significantly decreased diffusing capacity
for carbon monoxide (DLco). In early disease, PFTs
might be near normal, but severe impairment typically
develops as the disease progresses.’

Bronchoalveolar Lavage (BAL): BAL fluid in
silicoproteinosis is typically opaque, milky, or turbid
due to surfactant accumulation. Cytological analysis
shows abundant periodic acid-Schiff (PAS)-positive
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granular material and numerous foamy alveolar mac-
rophages. The BAL cell differential often shows neu-
trophil predominance, reflecting acute alveolitis.***
BAL fluid should be evaluated microbiologically, in-
cluding tests for Mycobacterium tuberculosis, as sili-
cosis significantly increases TB risk. The presence of
birefringent silica particles on polarized microscopy
strongly supports the diagnosis.

Histopathology and Lung Biopsy: A lung biopsy
(via VATS or cryobiopsy) may be necessary if other
findings are inconclusive. Histopathology shows al-
veoli filled with dense PAS-positive, granular eosin-
ophilic material (surfactant and debris). Aggregates
of dust-laden macrophages containing polarizable
silica crystals confirm heavy silica exposure. Unlike
chronic silicosis, acute forms may lack classical sili-
cotic nodules, but early interstitial fibrosis and small
developing silicotic nodules can still be observed.?#!
Type II pneumocyte hyperplasia is often present as a
regenerative response. Mineralogical analysis (elec-
tron microscopy) can quantify silica particles in lung
biopsies, conclusively linking pathology to silica ex-
posure, although this is usually limited to investiga-
tive or medico-legal contexts.”

MANAGEMENT OF ACUTE SILICOPROTEINOSIS
Standard Management

The cornerstone of managing acute silicoproteinosis is
immediate and permanent cessation of silica exposure.
Once the diagnosis is suspected or established, the pa-
tient must be removed from any further exposure to
respirable crystalline silica.® Continued inhalation of
silica, especially at high concentrations, would only
perpetuate alveolar injury, inflammation, and surfac-
tant accumulation, accelerating respiratory decline.
Patients should be counseled to never return to jobs
involving silica dust. Unfortunately, even after expo-
sure ceases, the silica particles already deposited in
the lungs can persist for years and continue to drive
pathological processes, meaning that disease progres-
sion may continue despite exposure cessation.” None-
theless, eliminating further exposure is critical and can
at least prevent compounding the lung burden.

Supportive care is central to management. Oxygen
therapy is often required to correct hypoxemia. De-
pending on the severity of impairment, this can range
from supplemental oxygen via nasal cannula at rest
and with exertion, to high-flow oxygen systems, and
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in some cases noninvasive positive pressure support.
If a patient develops acute respiratory failure (e.g.,
during an infection or disease flare), invasive me-
chanical ventilation and intensive care support may be
necessary. Close monitoring for respiratory failure is
warranted given the rapid progression potential. Pul-
monary rehabilitation can be beneficial, including su-
pervised exercise training, breathing techniques, and
energy-conservation strategies, to help maintain func-
tional status and alleviate dyspnea. Nutritional support
is also important, as these patients often have weight
loss and the work of breathing is increased.’

Preventive measures are aimed at reducing com-
plications. Patients should receive vaccinations for
seasonal influenza and pneumococcal pneumonia ac-
cording to guidelines, to lower the risk of common
respiratory infections that could precipitate acute
decompensation. Given the impaired alveolar macro-
phage function and surfactant overload in silicopro-
teinosis, individuals are predisposed to pulmonary
infections.'®?7#2 There is also an elevated risk of No-
cardia infection in patients with PAP-like syndromes.*
Prompt treatment of infections is critical; clinicians
should have a low threshold to obtain cultures and
start appropriate antibiotics if a superimposed infec-
tion is suspected. Routine antimicrobial prophylaxis
is not established in this condition, but a high index
of suspicion for opportunistic infections should be
maintained. Some experts recommend Pneumocystis
pneumonia prophylaxis if high-dose corticosteroids
are used, but this must be individualized. General sup-
portive measures such as cough assist techniques, mu-
colytics (if the patient has trouble clearing secretions),
and avoidance of respiratory irritants (like tobacco
smoke) are also advised. Psychosocial support and
vocational rehabilitation are important, since patients
can no longer work in their prior occupation and often
face disability at a young age.

Whole Lung Lavage

The whole lung lavage (WLL) remains the most wide-
ly used specific intervention for patients with signif-
icant alveolar proteinosis due to silicoproteinosis.*
Borrowed from idiopathic PAP management, WLL
aims to mechanically remove the accumulated lipo-
proteinaceous material from the alveolar spaces. The
procedure is typically performed under general anes-
thesia using a double-lumen endotracheal tube to al-
low one lung to be ventilated while the other is se-
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quentially filled with warmed saline, gently agitated,
and drained. Each lung is lavaged with tens of liters of
saline until the return fluid becomes clearer. Numer-
ous case reports and small series have demonstrated
that WLL can improve oxygenation, reduce dyspnea,
and partially clear radiographic infiltrates in acute
silicoproteinosis.** Patients often report subjective
improvement in breathing in the weeks following la-
vage, corresponding with better arterial oxygen levels.
However, WLL generally does not halt disease pro-
gression; the benefit may be temporary, especially if
significant ongoing inflammation or fibrosis is pres-
ent. Many patients require repeated WLL procedures
at intervals to manage recurring alveolar proteinosis.
The response to WLL is variable and more limited in
patients who already have substantial fibrosis or irre-
versible lung damage. In those with predominantly al-
veolar filling and less fibrosis, the improvements from
lavage tend to be more pronounced. Despite these
limitations, WLL remains an important temporizing
and symptom-relieving measure when performed at
experienced centers. Each affected lung is usually la-
vaged once (typically 1-2 weeks apart for each side)
as an initial treatment; the procedure can be repeated
as needed if symptoms and infiltrates recur. Risks of
WLL include anesthesia complications, transient hy-
poxemia, fluid imbalance, and, rarely, acute lung in-
jury, but overall, it is considered safe in experienced
hands.

Corticosteroids and Immunomodulation

Corticosteroids have been empirically used in acute
silicoproteinosis to suppress inflammation, although
their efficacy is not well established. Given the robust
inflammatory component in acute silicosis, a trial of
systemic corticosteroid therapy is often considered,
especially in patients with relatively early-stage dis-
ease or rapid clinical worsening. Some case reports
have documented transient symptomatic or radio-
graphic improvement with high-dose corticosteroids
in acute silicosis/silicoproteinosis.*®
some patients have shown improved lung function and
imaging findings after receiving corticosteroids over

For example,

a course of weeks to months. However, controlled
data are lacking, and the long-term benefit of steroids
remains unproven. Steroid therapy also carries risks.
Chronic corticosteroids can further depress immune
function, increasing susceptibility to infections such
as TB or opportunistic pathogens. In practice, the use
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of corticosteroids should be carefully individualized.
If instituted, it is crucial to first exclude active infec-
tions to avoid exacerbating an unrecognized infection.
In patients with rapid clinical decline, high inflamma-
tory markers, or significant ground-glass infiltrates on
CT, a cautious trial of steroids may be reasonable.*8 If
there is no objective improvement in symptoms, oxy-
genation, or imaging, steroids are typically tapered off
to limit side effects.

Other immunomodulatory treatments have been
considered given the immune dysregulation in acute
silicosis. For instance, intravenous immunoglobulin
(IVIG) has occasionally been used in autoimmune
PAP. Its role in silicoproteinosis is unclear, except per-
haps in cases with documented GM-CSF autoantibod-
ies. These approaches are not routine. The mainstay
remains supportive care, WLL, and cautious use of
steroids.

Lung Transplantation

For patients with progressive acute silicoproteino-
sis unresponsive to medical therapy, bilateral lung
transplantation may be the only life-saving option.
Outcomes are generally favorable and comparable
to those seen in idiopathic pulmonary fibrosis.* Ide-
al candidates are typically young individuals in their
30s or 40s, without significant comorbidities, and
with rapidly worsening respiratory failure. In recent
engineered stone outbreaks, many such patients have
required transplant evaluation due to end-stage dis-
ease.'

Transplantation carries risks such as rejection, in-
fections from immunosuppression, and limited organ
availability. However, when successful, it can restore
lung function and prolong life. Recurrence of silico-
proteinosis does not occur in the transplanted lungs if
silica exposure is avoided. Remaining silica in unre-
sected hilar nodes has not been shown to cause disease
in the graft. Unlike autoimmune PAP, secondary PAP
due to silica does not recur post-transplant. Postoper-
ative care follows standard lung transplant protocols,
focusing on rejection, infection prevention, and medi-
cation side effects.

PROGNOSIS

The overall prognosis of acute silicoproteinosis is
poor. This disease often continues to progress despite
removal from exposure and aggressive supportive
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care.”* Studies from artificial stone-associated silico-
sis cohorts have reported mortality rates ranging from
approximately 19% to over 30% within just a few
years of diagnosis, with many patients either dying
or requiring lung transplantation.”#’ By comparison,
chronic silicosis typically has a much longer survival
span, making the acute form particularly pernicious.

Clinical deterioration in acute silicoproteinosis is
driven by the persistent accumulation of proteinaceous
material in the alveoli, ongoing inflammation, and ir-
reversible fibrosis. Even with interventions like whole
lung lavage, the underlying pathogenic process often
continues unabated.”® In many patients, progressive
massive fibrosis, the coalescence of fibrotic nodules
into large conglomerate masses, can rapidly develop,
severely impairing lung function.*’ The development
of pulmonary hypertension, resulting from chronic hy-
poxemia and destruction of the pulmonary capillary
bed, further worsens prognosis.*®

Early diagnosis and immediate cessation of expo-
sure appear to offer the best chance at slowing disease
progression. Patients diagnosed at the initial stages
who promptly discontinue exposure may experience
periods of clinical stability. Lung function may remain
impaired, but if fibrosis is limited, disease progression
might plateau for some time.>* However, relapses are
common, especially in patients with significant fibro-
sis or recurrent pulmonary infections. Respiratory
infections can cause acute exacerbations, which are
frequently fatal. Reports exist of patients initially im-
proving after treatments such as lavage and steroids,
only to deteriorate rapidly due to opportunistic infec-
tions like Nocardia or Aspergillus pneumonia, or com-
plications such as spontaneous pneumothorax due to
ruptured cystic changes.>*

Historically, acute silicosis has carried a grave
prognosis; older case series described median survival
of approximately 4-5 years post-diagnosis, with many
patients succumbing to respiratory failure.”> Advances
in modern care have allowed some patients to receive
lung transplants, dramatically improving individual
survival outcomes. However, considering all patients
(including those who do not receive transplants), over-
all mortality remains high. Without definitive inter-
vention, acute silicoproteinosis remains a frequently
fatal condition.

Prognosis also varies with the degree of lung fi-
brosis at diagnosis. Patients whose disease is detect-
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ed early, during the predominant alveolar proteinosis
phase and prior to extensive fibrosis, generally have
better outcomes compared to those with advanced fi-
brosis.?* The availability of advanced therapies such
as lung transplantation can transform an otherwise ter-
minal prognosis into a chronic, manageable condition
for some patients.*’” Nevertheless, given that many af-
fected individuals are young, the disease’s impact in
terms of lost years of life and disability remains sub-
stantial.*

Long-term outcome data for recent engineered
stone cohorts continue to emerge. In Australian and
U.S. cohorts of engineered stone workers, significant
numbers have undergone lung transplantation or are
on waiting lists, with several deaths reported within
a few years of diagnosis.*” Continued surveillance of
these cohorts will provide more precise estimates of
median survival and long-term outcomes.

EMERGING AND FUTURE THERAPEUTIC OPTIONS

Given the limited efficacy of existing treatments for
acute silicoproteinosis, substantial research interest
has focused on novel strategies targeting the underly-
ing pathophysiology. These include approaches aimed
at enhancing surfactant clearance, modulating inflam-
mation, attenuating fibrosis, and promoting lung re-
pair or regeneration.” While none of these experimen-
tal therapies have yet become standard of care, they
offer hope for improving outcomes in the future.

GM-CSF Augmentation

Because impaired GM-CSF signaling contributes
to defective surfactant clearance by alveolar macro-
phages.” Replacement therapy with recombinant GM-
CSF has been a successful strategy in autoimmune
PAP! Several studies have demonstrated that inhaled
GM-CSF can improve oxygenation, lung function,
and radiologic findings in patients with GM-CSF auto-
antibody-mediated PAP.>'*? In acute silicoproteinosis
(a secondary PAP), the role of GM-CSF augmentation
is still being defined. Since the fundamental issue is
not an absolute GM-CSF deficiency but rather macro-
phage incapacitation by silica, it is unclear how much
benefit GM-CSF therapy would provide. However, in
patients with coexisting anti-GM-CSF antibodies or
partial macrophage responsiveness, GM-CSF supple-
mentation could be helpful. Early clinical experiences
are anecdotal: some case reports have described sil-
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icoproteinosis patients receiving subcutaneous or in-
haled GM-CSF with improvement in surfactant clear-
ance and oxygenation.’> Nevertheless, robust data are
lacking, and clinical trials specifically evaluating GM-
CSF in secondary PAP due to silica exposure would
be valuable.”

Statins

Statins, widely used as cholesterol-lowering agents,
also have immunomodulatory effects that may be ben-
eficial in PAP syndromes. In idiopathic PAP, alveolar
macrophages accumulate intracellular cholesterol and
lipids, impairing their ability to process surfactant.
Statins promote cholesterol efflux from macrophages
and may thereby restore their function.”® In a pilot
study, oral statin therapy resulted in clinical and ra-
diologic improvement in a subset of autoimmune PAP
patients who were refractory to standard treatment.*
In silica-induced PAP, the rationale is similar: statins
might help clear intracellular lipid from dust-exposed
macrophages and reduce lung inflammation. While
not yet supported by strong evidence in silicoproteino-
sis, the safety and availability of statins make them
attractive as adjunctive therapy in this setting.3

Anti-inflammatory Therapies

Silica-induced activation of the NLRP3 inflammasome
and release of interleukin-1 (IL-1f3) and IL-18 are key
drivers of lung inflammation in acute silicosis.** This
has prompted interest in therapies targeting this path-
way. Anakinra, an IL-1 receptor antagonist, has been
used in other inflammatory diseases and might reduce
the intense neutrophilic alveolitis in silicotic lungs.
In mouse models of silicosis, IL-1 blockade (using
anakinra) substantially decreased silica-induced lung
inflammation and attenuated inflammatory cell accu-
mulation.’ While human data are very limited, there
is some indication of benefit: a case report in a patient
with progressive silicosis noted that 6 months of anak-
inra therapy improved oxygenation, diffusing capacity
(DLco), and PET imaging findings.> Direct NLRP3
inflammasome inhibitors and caspase-1 blockers are
also under investigation in preclinical models of sili-
ca-induced lung injury.> Tumor necrosis factor-alpha
(TNF-a) is another mediator implicated in silicosis.
Anti-TNF therapies (e.g., infliximab) have theoreti-
cal benefit in reducing granulomatous inflammation,
but they carry a high risk of serious infections such
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as tuberculosis, a pre-existing concern in silicosis pa-
tients.? Other agents with anti-inflammatory proper-
ties, such as colchicine, have been tried in the past to
inhibit inflammasome activation, though older studies
in silicosis were inconclusive and did not show clear
benefit.>

RANKL Inhibition

Recent studies suggest that silica-exposed macro-
phages may differentiate into osteoclast-like cells that
contribute to lung matrix destruction.?? This osteoclas-
togenesis appears to be driven by RANKL (Receptor
Activator of Nuclear Factor-«B Ligand) produced in
the silicotic lung. Inhibiting this pathway, for instance
with denosumab, a RANKL-blocking monoclonal an-
tibody used in osteoporosis, may offer a new thera-
peutic angle. This concept remains entirely theoretical
at this point, but it exemplifies how emerging mech-
anistic insights can identify novel repurposing oppor-
tunities.?

Antifibrotic Therapy

Antifibrotic agents like nintedanib and pirfenidone,
approved for idiopathic pulmonary fibrosis, have been
explored in silicosis. These drugs target pro-fibrotic
pathways and have shown benefit in preclinical mod-
els of silica-induced lung disease.””*® For example,
pirfenidone administration in silica-exposed mice re-
duced inflammatory cytokines (TNF-a, IL-1f, IL-6),
diminished collagen deposition, and improved lung
mechanics.’’ Nintedanib has similarly attenuated fibro-
sis and inflammation in animal models of silicosis.®
Small observational studies in patients with chronic
silicosis have reported slower declines in lung function
with these medications. Notably, the INBUILD trial
demonstrated a significant reduction in the rate of FVC
decline in patients with progressive fibrosing interstitial
lung diseases, including pneumoconiosis.*® In acute sil-
icoproteinosis, where fibrosis can evolve rapidly, early
initiation of antifibrotic therapy might be considered to
slow irreversible damage, although no trials have yet
been conducted in this specific population.

Mesenchymal Stem Cell (MSC) Therapy

MSCs possess anti-inflammatory, immunomodulatory,
and tissue-reparative properties. In models of silica-in-
duced lung injury, intravenous or intratracheal infusion
of MSC:s has reduced inflammatory cytokine levels, de-
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creased fibrosis, and improved survival of treated ani-
mals.” For example, transplantation of adipose-derived
MSCs into silica-exposed rats attenuated pulmonary
fibrosis through anti-inflammatory and anti-apoptotic
effects.® MSCs may also enhance macrophage surfac-
tant-processing function and promote repair of the al-
veolar epithelium, addressing key aspects of silicopro-
teinosis pathology. Although early-phase trials in other
lung diseases suggest MSC therapy is safe, no clinical
studies have yet been performed in patients with sili-
cosis.”

Future Directions

As our understanding of the molecular and immuno-
logic mechanisms of acute silicoproteinosis evolves, a
multipronged therapeutic approach will likely be nec-
essary to improve outcomes. This could include com-
binations of interventions, GM-CSF supplementation,
antifibrotics, anti-inflammatory drugs, and regenerative
or cell-based therapies. Experimental strategies such
as gene editing or transplantation of ex vivo-modified
macrophages derived from stem cells may someday
enable restoration of alveolar homeostasis. Recent
preclinical work in a hereditary PAP model has shown
transplantation of gene-corrected alveolar macrophages
can durably engraft in the lung and normalize surfac-
tant clearance, a concept that could be transformative if
applied to silicoproteinosis in the future.*

CONCLUSION

Silicoproteinosis is a form of acute silicosis, initial-
ly characterized in heavily exposed sandblasters and
later linked to other silica-intensive occupations. It is
defined by the diffuse intra-alveolar accumulation of
surfactant-rich, lipoproteinaceous material, closely re-
sembling pulmonary alveolar proteinosis (PAP). Estab-
lishing a clear temporal association between symptom
onset and recent silica exposure can greatly aid in time-
ly suspicion, diagnosis, and intervention, an essential
step given the potentially preventable yet progressive
nature of the disease.

High-resolution computed tomography (HRCT) of
the chest plays a central role in diagnosis. A hallmark
early finding is extensive bilateral ground-glass opac-
ities with superimposed interlobular and intralobular
septal thickening, forming the classic “crazy-paving”
pattern.

Eliminating further exposure is critical, as it can
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at least prevent additional pulmonary damage. Early
diagnosis and immediate cessation of exposure pro-
vide the best opportunity to slow disease progression.
Patients diagnosed in the early stages who promptly
discontinue exposure may experience periods of clin-
ical stability. Although lung function often remains
impaired, if fibrosis is limited, the progression may
plateau temporarily. However, relapses are frequent,
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BIRT-HOGG-DUBE SYNDROME
BIRT-HOGG-DUBE SENDROMU

ABSTRACT

Birt-Hogg-Dubé (BHD) syndrome is an uncommon autosomal dominant condition that predominantly
affects the lungs, kidneys, and skin. The underlying genetic basis involves pathogenic or likely patho-
genic mutations in the FLCN gene, which encodes folliculin, a tumor suppressor protein implicated
in various intracellular signaling cascades. These mutations disrupt normal folliculin function, leading
to a broad clinical phenotype that can vary significantly, even among individuals harboring identical
genetic alterations.

Diagnosis is commonly suspected when characteristic findings such as pulmonary cysts, recurrent
pneumothorax, cutaneous fibrofolliculomas, and renal neoplasms are identified, either in isolation or in
combination. Pulmonary involvement, particularly the development of multiple, bilateral, thin-walled
cysts predominantly located in the lower lung zones, is the most frequent clinical manifestation. These
cysts are a major contributor to spontaneous pneumothorax, which often serves as a presenting symp-
tom. Skin findings typically include benign dome-shaped papules located on the face or upper body,
consistent with fibrofolliculomas or trichodiscomas. Although renal manifestations are less prevalent,
they carry greater prognostic significance due to their association with disease-specific mortality. The
renal tumor spectrum most commonly comprises chromophobe renal cell carcinoma, oncocytomas,
and hybrid oncocytic/chromophobe tumors, although clear cell and papillary subtypes have also been
observed.

In the majority of cases, molecular confirmation is achieved through identification of pathogenic ger-
mline variants in FLCN. In scenarios where no pathogenic alteration is detected, diagnosis may still
be established based on clinical features and typical radiologic findings. The 2024 ERN GENTURIS
guideline outlines a multidisciplinary approach to diagnosis and surveillance, integrating clinical, im-
aging, and molecular assessments.

Currently, there is no curative or disease-specific therapy available for BHD syndrome. Therefore,
clinical management emphasizes early recognition, regular monitoring for renal malignancies, and
preventive strategies to reduce pneumothorax risk. Given its multisystem nature, lifelong follow-up
and a personalized care model are essential. BHD syndrome is thus considered a hereditary cancer
predisposition disorder that necessitates coordinated multidisciplinary management.

Keywords: Birt-Hogg-Dubé syndrome; Cystic lung disease; Pneumothorax; Renal cell carcinoma

OZET

Birt-Hogg-Dubé (BHD) sendromu, nadir goriilen ve otozomal dominant kalitim gosteren bir hastalik
olup; akciger, bobrek ve deri tutulumu ile kendini gosterir. Hastaligin genetik altyapisinda, FLCN ge-
ninde saptanan patojenik ya da olasi patojenik varyantlar yer almaktadir. Bu varyantlar, folikiilin adli
tumor baskilayici proteinin ekspresyonunu bozarak sinyal iletim yollarinda duzensizliklere yol agar.

Klinik yelpaze son derece heterojen olup ayn: mutasyonu tagiyan bireyler arasinda bile belirgin fenoti-
pik farkliliklar gozlenebilir. Tany, tipik olarak pulmoner kistler, spontan pnomotoraks, kutanoz fibrofo-
likulomalar ve renal tumorlerin birlikte veya ayri ayri gozlenmesiyle klinik olarak ile tanidan kuskula-
nilir. Cogu olguda, molekiler tani ile kesinlestirilir. Pulmoner tutulum, BHD sendromunun en yaygin
fenotipik ozelligidir. Hastalarin yaklagik %80’inde multipl, ince duvarli, bilateral ve bazal yerlesimli
pulmoner kistler izlenir. Bu kistik yapilarin varligi, spontan pnomotoraks gelisimi ac¢isindan major
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bir risk faktorudur. Kutanoz bulgular siklikla bag-boyun bolgesinde sinirli, benign karakterde, fibrofolikilloma veya trikodiskoma ile uyumlu
papiiler lezyonlar seklinde izlenir. Renal tutulum, daha seyrek gozlenmesine ragmen, BHD sendromunda mortalite ile iligkilidir. Renal tumor
spektrumunda en sik olarak kromofob renal hiicreli karsinom, onkositoma ve hibrit tip timorler yer alir. Daha nadiren clear cell ve papiller alt
tipler de bildirilmistir. Bu tumorler ¢ogunlukla bilateral ve multifokal yerlesim gosterir.

Tani, ¢cogu olguda FLCN geninde saptanan patojenik veya muhtemel patojenik germline mutasyonlarin genetik test ile dogrulanmasiyla kesinle-
sir. Ancak genetik test ile mutasyon gosterilemeyen olgularda dahi, karakteristik klinik bulgular tan1y1 destekleyici olabilir. 2024’te yayimlanan
ERN GENTURIS kilavuzu, BHD sendromuna yonelik tan1 ve takip algoritmasini klinik, radyolojik ve molekiiler diizeyde sistematik bi¢imde
tanimlamaktadir.

Hastaliga yonelik spesifik veya kuratif bir tedavi mevcut olmayip, baglica yaklagim renal malignitelerin erken tanisi ve takibi ile pnomotoraks
gelisiminin Onlenmesi ve yonetilmesine dayanmaktadir. Sistemik tutulum potansiyeli, renal malignitelerle iligkili mortalite riski ve yasam boyu
izlem gereksinimi nedeniyle BHD sendromu, multidisipliner yaklasimla yonetilmesi gereken kalitsal bir tumor predispozan sendromudur.

Anahtar Kelimeler: Birt-Hogg-Dubé sendromu; Kistik akciger hastaliklari; Pnomotoraks; Renal hiicreli karsinom

CASE PRESENTATION ditions, was not taking any regular medications, and

denied any exposure to pulmonary toxins.
A 46-year-old, lifelong non-smoker woman was re- .. . e
y & Upon clinical evaluation, the patient’s vital param-

ferred to the pulmonary outpatient clinic for further eters were stable, with peripheral oxygen saturation

evaluation of multiple pulmonary cystic lesions in- measured at 97% while breathing ambient air. Pul-

cidentally identified on thoracic computed tomogra- monary auscultation revealed vesicular breath sounds

phy (CT) imaging performed at another facility. She without adventitious sounds. Dermatologic exam-
reported mild exertional dyspnea, without chest pain, ination demonstrated multiple well-circumscribed,
cough, hemoptysis, or systemic symptoms. There was skin-colored papules measuring 1-5 mm in diameter,
no history of recent respiratory infections, trauma, or primarily located on the forehead and malar regions
exposure to occupational or environmental risk factors. (Figure 1).

Her past medical history was notable for a left-sided Multiple cystic lucencies were observed on the
primary spontaneous pneumothorax two years earlier, posteroanterior chest radiograph (Figure 2), predomi-
which had been managed with tube thoracostomy. No nantly in the left lower lung zone. A prior high-resolu-
subsequent radiological or clinical follow-up had been tion computed tomography (HRCT) scan of the chest
conducted. She had no known chronic medical con- demonstrated numerous thin-walled cysts of varying

Figure 1. A 46-years-old female had numerous pale flesh-colored papules (fibrofolliculomas) are seen on the face.
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Figure 2. On the chest X-ray cystic opacities are seen especially left lower side.

sizes, distributed bilaterally with a predilection for the
basal, subpleural, and paramediastinal regions. Sev-
eral cysts exhibited lobulated contours and internal
septations. There was no evidence of pneumothorax,
parenchymal consolidation, or interstitial fibrosis (Fig-
ure 3). Further inquiry into her family history revealed
that her father had undergone bilateral nephrectomy
at the age of 59 due to renal tumors, and her paternal
uncle had been hospitalized multiple times in his 40s
for episodes described as spontaneous lung collapse.
This pattern raised suspicion for a hereditary disorder
involving pulmonary and renal manifestations.

INTRODUCTION

Birt-Hogg-Dubé syndrome (BHD) is an infrequent he-
reditary condition inherited in an autosomal dominant
fashion, with clinical involvement typically seen in
the pulmonary system, skin, and kidneys. The disor-
der is genetically linked to alterations in the FLCN
gene, which encodes folliculin, a protein with tumor
suppressor function. These molecular changes are rec-
ognized as the underlying genetic drivers of the dis-
ease.!?

EPIDEMIOLOGY

The exact prevalence of BHD syndrome is unknown.
However, epidemiological estimations indicate that it
affects approximately 1 in 200,000 individuals.> Ge-
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nomic studies in specific populations indicate a high-
er prevalence; for instance, a study conducted in the
United States identified pathogenic FLCN variants,
estimating their prevalence at approximately one in
3,234 individuals. In comparison, a study conducted
in the United Kingdom reported that the prevalence
ranged from 1 in 1,490 to 1 in 4,190.*° The heteroge-
neity in clinical symptoms leads to disparities in prev-
alence estimations among various studies.

Before 2010, studies indicated a near-equal sex
distribution; however, more recent researches from
East Asia and the United States have revealed a female
predominance, whereas studies from Italy, the Nether-
lands, and France have demonstrated a male predom-
inance.*!' The age at diagnosis varies significantly
with reported cases ranging from 2 to 92 years, with
the mean global age at diagnosis estimated to be in the
40s.">13 Previous studies indicated a higher incidence
of BHD syndrome in Europe and the United States in
comparisons based on race and ethnicity; however, re-
cent data suggest a more uniform global prevalence.!!?

PATHOGENESIS AND GENETICS

Genetic alterations in the FLCN gene represent the
underlying cause of BHD syndrome. The gene spans
14 exons and is situated on chromosome 17p11.2.1
Fluorescence in situ hybridization studies have shown
that FLCN mRNA is broadly expressed, particularly
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Figure 3. Thoracic CT scan shows bilaterally, multiple, vary in shape cystic lesion on axial images.

in the skin, lungs, kidneys, and several exocrine and
neural tissues.! The primary role of FLCN in regu-
lating cellular mechanisms related to cell growth, and
the process in which these mechanisms become dys-
regulated in BHD syndrome, has not been fully elu-
cidated. The principal function of FLCN in cellular
regulation, particularly in pathways governing cell
proliferation, remains incompletely defined. Follicu-
lin is a tumor suppressor protein that exerts its effects
through interaction with two major binding partners:
folliculin-interacting protein 1 (FNIP1) and protein 2
(FNIP2).5'" These complexes modulate the activity of
critical signaling kinases, including mechanistic target
of rapamycin complex 1 (mTORCI1) and AMP-acti-
vated protein kinase (AMPK) which are central to cell
growth, metabolism, and tumor suppression.'® Beyond
its classical roles, the FLCN/FNIP axis is implicated
in broader tumor-related and metabolic regulatory
pathways, potentially linking BHD syndrome to other
neoplastic conditions.

Although over 600 different FLCN variants have
been identified worldwide, the most common muta-
tion is a cytosine insertion or deletion (c.1285dupC/
delC) within an eight-cytosine stretch in exon 11 of
the FLCN gene."'*? A Japanese study found no de-
tectable FLCN mutations in 16 out of 157 patients
who were clinically suspected of having BHD syn-
drome based on personal and family history.?! Addi-
tionally, two distinct case reports have shown patients
diagnosed with BHD syndrome primarily on clinical
criteria, despite no identifiable FLCN mutation. In one
of these cases, reduced folliculin protein expression
was observed in the absence of a detectable FLCN

gene mutation.?>?
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CLINICAL MANIFESTATIONS

BHD syndrome is characterized by three cardinal
features: pulmonary cysts often leading to sponta-
neous pneumothorax, renal tumors, and various cuta-
neous lesions, with fibrofolliculomas being the most
characteristic. Phenotypic variability has been ob-
served even among families sharing the same FLCN
mutation.** Some individuals with FLCN mutations
might remain asymptomatic, while others may exhib-
it severe pulmonary, renal, and cutaneous symptoms.
There are also reports of families with FLCN muta-
tions presenting with isolated pulmonary involve-
ment.?2¢ No clear genotype-phenotype correlation has
been established between mutation type or location
and cutaneous or renal manifestations. However, stud-
ies have found a strong link between FLCN mutations
in exon 9 and an increased risk of spontaneous pneu-
mothorax in patients harboring mutations in exons 9
and 12." Studies involving diverse ethnic groups have
shown that East Asian patients tend to present with
more frequent pulmonary symptoms and pneumotho-
rax. In contrast, they have fewer renal tumors and cu-
taneous lesions compared with Caucasian patients.?’?
Additionally, a mean diagnostic delay of 9 to 13 years
is reported.®

Pulmonary Manifestations

Pulmonary cysts develop in approximately 80% of in-
dividuals with BHD syndrome and may present with
clinical manifestations ranging from no symptoms to
spontaneous pneumothorax.”? Cysts are most com-
monly detected in the fourth decade of life, although
they can be observed from puberty to the eighth de-
cade.® HRCT is the optimal imaging technique for
assessing these cysts. The typical radiologic finding
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consists of bilateral, thin-walled cysts surrounded by
normal lung parenchyma.?' Pulmonary cysts show sig-
nificant variability in size, shape, and number. Typi-
cally, the diameter of pulmonary cysts is under 1 cm,
but there have been documented instances of tiny cysts
and those exceeding 2 cm.*? Larger cysts often exhib-
it a lobulated and multiseptated morphology.*' They
are typically round, oval, or irregular in shape. The
number of cysts may vary from a few to several hun-
dred, predominantly located in the basal, subpleural,
or paramediastinal sections of the lungs. Numerous
cysts may also be found in the hilar or central areas,
particularly near the main bronchi and pulmonary ves-
sels.?! Larger cysts are often located near bronchi and
vessels, and may contain structures traversing their lu-
mens. Smaller cysts typically affect bronchovascular
bundles and interlobar fissures.?! Longitudinal data on
changes in cyst size over time remain inconclusive.
Research conducted prior to 2020 often indicated that
cyst sizes remain stable. A study released in 2023
suggested that large bilateral cysts may enlarge over
time, and that both their number and morphology may
change.?!

The mechanism of cyst development in BHD syn-
drome is thought to be multifactorial. Researchers
have demonstrated that the loss of folliculin in type II
pneumocytes impairs intercellular adhesion, increas-
es cell mortality, and potentially contributes to airway
dilation.* Additionally, researchers have identified
altered microRNA expression secondary to folliculin
deficiency as another mechanism inducing cell death.*
Due to gravitational effects, the basal regions of the
lungs are more actively engaged in respiration. In
these areas, cells with reduced adhesion due to follic-
ulin deficiency may experience increased mechanical
stress during breathing, promoting cyst formation.*
Moreover, the absence of folliculin in mesenchymal
cells has been demonstrated to influence myofibro-
blast development, resulting in reduced deposition of
elastin and type III collagen in the alveolar septa.’’
Collectively, these findings suggest that structurally
vulnerable lung regions are more susceptible to cyst
formation under mechanical and cellular stress.

Patients with BHD syndrome have a 50-fold high-
er incidence of spontaneous pneumothorax compared
to the general population.*® Reported rates of pneu-
mothorax vary among studies, ranging from 24% to
74% . Research including 1,059 patients with BHD
syndrome revealed a pneumothorax frequency of 50%
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and a recurrence rate of 66%. No significant difference
in pneumothorax laterality was found, and the median
age at first pneumothorax was 34 years."® Earlier onset
of the first pneumothorax is associated with a higher
risk of recurrence.* The presence of pulmonary cysts,
as well as quantity, dimensions, overall volume, and
familial history of pneumothorax, have been identified
as risk factors for pneumothorax in BHD syndrome.?”
Conversely, Gunji et al. found no association between
cyst quantity and pneumothorax.®” In contrast, Lee et
al. reported an inverse correlation between cyst size
and pneumothorax incidence.?

Two studies assessing the clinical manifestations
and pulmonary function tests of patients with BHD
syndrome revealed that most individuals were asymp-
tomatic, with dyspnea and cough reported as the most
common respiratory symptoms. In both studies, more
than 85% of patients showed normal results for forced
expiratory volume in one second (FEV1), forced vi-
tal capacity (FVC), total lung capacity (TLC), and the
FEV1/FVC ratio. In one study, residual volume (RV)
was abnormal in up to 40% of patients, whereas in
the other, only 3% showed abnormalities. Diffusing
capacity of the lung for carbon monoxide (DLco) was
within normal limits in approximately 70% of pa-
tients. Longitudinal follow-up revealed no significant
changes over time in FEV1, FVC, FEV1/FVC, TLC,
RV, or DLco.*'#?

One study found that cigarette smoking inde-
pendently downregulates folliculin expression. It also
demonstrated that individuals with chronic obstructive
pulmonary disease (COPD) have lower folliculin lev-
els than healthy controls.** These findings imply that
patients with BHD syndrome may be at increased risk
for developing COPD, beyond that associated with
smoking alone.

Although no strong association has been estab-
lished between BHD syndrome and lung cancer, iso-
lated cases have reported the presence of lung ade-
nocarcinoma, atypical adenomatous hyperplasia and
micronodular pneumocyte hyperplasia in affected

individuals.*

Histological examination of cysts excised
post-pneumothorax often reveals nonspecific features
attributed to mechanical stress, inflammation, and tis-
sue remodeling. These features may resemble bullae,
emphysema, or other cystic lung diseases.*> However,

the histopathological features of non-ruptured cysts in
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BHD syndrome show distinct differences from those
seen in other cystic lung diseases These cysts are lined
by typical type II pneumocytes and lack inflamma-
tion or fibrosis. Their walls are thin and often merge
with interlobular septa, bronchovascular bundles, or
the stroma of the visceral pleura. Additionally, thin
intraluminal structures resembling alveolar septa may
divide the cyst cavity into multiple compartments.*>+
At present, no specific immunohistochemical mark-
er is available to definitively differentiate BHD syn-
drome-related cysts from other types.

Cutaneous Manifestations

Cutaneous manifestations of syndrome are observed
in approximately 50% of patients.'* Prevalence is ap-
proximately 20% in Asian populations and may be
as high as 80% in European and American popula-
tions.'**® The reasons for this variation-whether due
to genetic predisposition, environmental influences,
or differences in diagnostic practices-remain unclear.
For example, pulmonologists reported a prevalence of
20%, while dermatologists observed a rate as high as
83%.** Cutaneous lesions in BHD syndrome are be-
nign and typically pose no clinical concern aside from
aesthetic appearance. Since many patients do not un-
dergo dermatological evaluation, the true prevalence is
likely underestimated.* The probability of developing
cutaneous symptoms in familial cases is estimated to
range from 80% to 90%.>* These lesions are predom-
inantly observed during the fourth and fifth decades
of life.*! As patients age, the size of lesions tends
to increase. Additionally, male patients often present
with larger and more numerous lesions than females.*?

Among the cutaneous findings in BHD syndrome,
fibrofolliculomas and trichodiscomas are the most fre-
quently observed.”* Acrochordons are the third most
common type of cutaneous lesion associated with BHD
syndrome.>* Fibrofolliculomas are asymptomatic,
firm, dome-shaped papules that are white or skin-col-
ored. They are benign hamartomas arising from the
hair follicle apparatus.’>> They commonly occur on
the face, head, neck, and upper extremities.’>* Le-
sions typically range from 1 to 10 mm in size and may
present as isolated papules or coalescent plaques.>>*
Trichodiscomas are also benign hamartomas derived
from the hair follicle apparatus.”” Clinically, trichod-
iscomas are indistinguishable from fibrofolliculomas
and primarily located in the head and neck regions.>?
Although the exact pathophysiology is unclear, they

are believed to arise from hair mantle stem cells
through hamartomatous proliferation.® Histopathol-
ogy establishes the differentiation between fibrofol-
liculomas and trichodiscomas. Acrochordons are soft,
pedunculated, skin-colored lesions commonly found
on the eyelids, neck, and axillae and they are benign
and not specific to BHD syndrome.* In addition to the
three primary lesions, case reports have described as-
sociations between BHD syndrome and several other
cutaneous findings, including the cystic variant of fi-
brofolliculoma, periocular fibromas, connective tissue
nevi, multiple angiomatous nodules (angiolipomas),
periungual fibromas, angiofibromas, and intraoral
papules.33-% Despite all these lesions being benign,
an elevated risk of melanoma has been documented in
association with BHD syndrome.% Nevertheless, the
evidence from these investigations is insufficient to
reach definitive conclusions.

Since the biopsy of cutaneous lesions resulted with
fibrofolliculomas and trichodiscomas strengthen the
diagnosis of BHD syndrome in a patient with pneu-
mothorax history, familial pneumothorax and/or BHD
syndrome history and cystic lung disease, patients
should be evaluated in systematic way in the inspec-
tion of skin.

Renal Manifestations

Renal tumors are the only malignancies with a clear-
ly established association with BHD syndrome. The
likelihood of kidney cancer development in Patients
with BHD syndrome is approximately 6.9 times great-
er than in the general population.*® Research indicates
that the incidence of renal cell carcinoma (RCC) in
patients with BHD syndrome varies from 20% to
40%.13505¢ Although renal tumors have the lowest inci-
dence among manifestations of BHD syndrome, they
are responsible for the highest mortality, estimated at
around 30%.2*¢7 The incidence of kidney malignan-
cies increases with age, peaking between 45 and 55
years.'321%8 Renal tumors are less commonly observed
in East Asian patients than in Caucasian patients.?’

BHD syndrome has been associated with several
kidney tumor histologies, predominantly chromo-
phobe tumors and hybrid chromophobe/oncocytic tu-
mors.”* Although chromophobe renal cell carcinoma
and oncocytoma are the most common histological
subtypes in BHD syndrome, clear cell, papillary, and
mixed-type carcinomas have also been reported in
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over 50% of patients with renal involvement. These
tumors frequently exhibit bilateral and multifocal dis-
tributionn.’

The gross pathology of RCC differs based on the
tumor type and size. Chromophobe tumors and hybrid
chromophobe-oncocytic tumors are the most common
subtypes. These lesions are macroscopically indis-
tinguishable and require histological evaluation for
definitive diagnosis. Both tumor types are generally
well-defined and may be lacking a complete fibrous
capsule; when preserved in formalin, they often ex-
hibit a more yellowish color.® Conversely, clear cell
and papillary subtypes typically show more aggres-
sive characteristics and are commonly linked to poor
prognoses. 870

Although renal angiomyolipomas (AMLs) are
classically considered hallmark lesions of tuberous
sclerosis complex (TSC) and are frequently encoun-
tered in patients with lymphangioleiomyomatosis
(LAM), emerging evidence suggests that AMLs may
also occur, albeit rarely, in individuals with BHD syn-
drome. Several case reports have described the pres-
ence of renal AMLs in genetically confirmed BHD
syndrome, raising the possibility of a phenotypic over-
lap between BHD syndrome and TSC.”""”® Therefore,
in patients presenting with renal AML, particularly
when accompanied by pulmonary cysts, spontaneous
pneumothorax, or characteristic cutaneous lesions,
BHD syndrome should be considered in the differen-
tial diagnosis. The diagnosis of renal LAM does not
exclude BHD syndrome; recognizing this possibility
facilitates the inclusion of BHD syndrome in the diag-
nostic evaluation.

Other Related Disorders

The involvement of FLCN gene mutations in
mTORCI1, AMPK, and in key tumor suppressor and
metabolic signaling networks suggests a potential as-
sociation between BHD syndrome and malignancy.
Nonetheless, apart from kidney tumors, no definitive
association with non-renal malignancies has been es-
tablished. Secondary malignancies related to FLCN
mutations may represent incidental clinical findings
rather than causal associations. Although earlier small-
scale studies suggested an elevated risk of colorectal
cancer in BHD syndrome, a subsequent study involv-
ing 223 individuals found no significant increase in
the incidence of colorectal cancer or polyps.*®™ In-

terestingly, a UK-based study reported an increased
risk of colorectal cancer specifically in BHD patients
carrying the FLCN c¢.1285dupC mutation. Tong et al.
reported 40 distinct cancer types associated with BHD
syndrome.>?

DIAGNOSIS

The first formal clinical guideline for the diagnosis
and management of BHD syndrome was issued by the
European Reference Network (ERN) in 2024 (Table
1).7 Prior to this, most studies relied on the diagnostic
criteria proposed by Menko et al. in 2009.2

The current guideline recommends establishing
the diagnosis of BHD syndrome either through clin-
ical criteria or, more commonly, via genetic confir-
mation of a pathogenic FLCN mutation. A definitive
diagnosis of BHD syndrome can be made if genetic
testing confirms a pathogenic or likely pathogenic
FLCN mutation. Not all individuals with clinical fea-
tures of BHD syndrome have detectable pathogenic or
likely pathogenic FLCN mutations. However, a clini-
cal diagnosis may still be appropriate in such cases.”

In the differential diagnosis of BHD syndrome,
lymphangioleiomyomatosis, emphysema, pulmonary
Langerhans cell histiocytosis and tuberosclerosis
should be considered in terms of multiple cystic le-
sions in the lungs. And also, cutaneous neoplasms,
fibrous papules of the nose, sebaceous hyperplasia,
tuberosclerosis complex that mimics clinically fibro-
folliculomas of BHD syndrome.

CLINICAL EVALUATION

BHD syndrome can occur in both sexes and across

all age groups, not limited to young individuals.!>!3

According to the ERN, BHD syndrome should be sus-

pected in patients presenting with any of the following

clinical features, reflecting its involvement of the skin,

lungs, and kidneys:"

1. Recurrent primary spontaneous pneumothorax in
individuals without previously known lung disease

2. Multiple bilateral pulmonary cysts, especially lo-
calized in the lower lobes, without a clear etiolog-
ical explanation

3. Bilateral or multifocal renal tumors, including re-

nal cell carcinoma or oncocytoma

4. Renal cell carcinoma diagnosed before the age of
50, or in the presence of a positive family history
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Table 1. ERN GENTURIS BHD syndrome diagnostic criteria.”

Major Criteria

Minor Criteria

At least five fibrofolliculomas or trichodiscomas, at least
one histologically confirmed, of adult onset

Multiple lung cysts: bilateral basally located lung cysts with
no other apparent cause, with or without spontaneous primary
pneumothorax

Pathogenic FLCN germline mutation

Renal cancer: early onset (<50 years) or multifocal or bilateral
renal cancer, or renal cancer of mixed chromophobe and

oncocytic histology

A first-degree relative with BHD syndrome

* One major or two minor criteria.

5. Multiple cutaneous papular lesions showing clin-
ical features compatible with fibrofolliculomas or
trichodiscomas

6. Co-occurrence of any of the above-mentioned skin,
pulmonary, or renal findings, whether in the same
individual or among first-degree relatives, regard-
less of a known family history of BHD syndrome

It is important to recognize that the full spectrum
of clinical manifestations in BHD syndrome may not
be present concurrently. Upon suspicion or identifica-
tion of involvement in one organ system, clinicians
should consider evaluating the other systems and con-
ducting genetic testing. In all patients with multiple
facial papules suspected to be fibrofolliculomas, a skin
biopsy should be performed, HRCT of the lungs and
contrast-enhanced CT or MRI of the kidneys are rec-
ommended for comprehensive evaluation.”

GENETIC TESTING-COUNSELING

Assessment of the FLCN gene can be conducted via
single-gene analysis or as a component of broader
genetic testing methods such as multigene panels,
whole-exome sequencing, or genome-wide analysis.
In clinical practice, multigene panels are most fre-
quently employed. For individuals diagnosed with
BHD syndrome, the identification rate of pathogenic
variants (PVs) in the FLCN gene has been reported to
range from 88% to 96%.” However, many missense
alterations detected in this gene are still of uncertain
clinical relevance and are commonly categorized as
variants of uncertain significance (VUS).” It is there-
fore advised that such VUS be evaluated through
detailed family segregation analyses and interpreted
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within the appropriate clinical context. Genetic testing
for FLCN should be considered when any of the fol-
lowing clinical findings are present:”

1. Recurrent or familial cases of primary spontaneous
pneumothorax

2. Bilateral pulmonary cysts predominantly located
in the lower lung zones, without an identifiable
cause

3. Multifocal or bilateral renal tumors, such as renal
cell carcinomas or oncocytomas

4. Renal cell carcinoma presenting before the age of
45 or with a positive family history

5. Multiple skin-colored papules with clinical fea-
tures of fibrofolliculomas or trichodiscomas, with
histopathological confirmation of at least one le-
sion

6. A combination of dermatologic (e.g., fibrofollic-
ulomas), pulmonary (e.g., lung cysts), and renal
(e.g., renal tumors) manifestations in a single pa-
tient or among first-degree relatives

Genetic screening is advised for adult individuals
who are closely related to those carrying a confirmed
or likely pathogenic mutation in the FLCN gene. Rou-
tine testing is typically avoided in people under the
age of 18. It is important to note that a negative result
does not definitively exclude the possibility of BHD
syndrome.

MANAGEMENT, FOLLOW-UP AND PROGNOSIS

Currently, no specific or curative treatment is available
for BHD syndrome. Clinical management emphasizes
early identification of the disease, prompt recognition
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and intervention for renal tumors, and strategies aimed
at minimizing the risk of pneumothorax.”

Following a diagnosis of BHD syndrome, pa-
tients should undergo dermatologic evaluation and
be referred to a specialist if indicated. However, rou-
tine dermatologic follow-up is not required, as the
cutaneous manifestations of BHD syndrome do not
carry a risk of malignant transformation.” Treatment
is generally not necessary but may be considered for
cosmetic reasons. Available treatment options include
shave excision, electrodessication (with or without cu-
rettage), and laser ablation using carbon dioxide (CO,)
or erbium:YAG lasers; however, recurrence is com-
mon.””” Topical rapamycin, an inhibitor of the mTOR
pathway, has been evaluated but has not demonstrated
efficacy.®

There is currently no effective or established
treatment for BHD syndrome-associated cystic lung
disease. All patients diagnosed with BHD syndrome
should undergo HRCT for lung assessment. Howev-
er, routine imaging is generally not recommended in
asymptomatic individuals under 20 years of age.””
Management is limited to the prevention and treat-
ment of pneumothorax. Although a direct causal link
between smoking and pulmonary cysts or pneumotho-
rax in BHD syndrome has not been firmly established,
smoking cessation and avoidance of secondhand and
thirdhand smoke are strongly recommended. Patients
should receive pneumococcal and annual influenza
vaccinations. During surgery, positive-pressure venti-
lation should be avoided due to the risk of cyst rupture.
The size and number of pulmonary cysts may correlate
with pneumothorax risk.®! However, follow-up imag-
ing is not routinely recommended and should only be
performed when clinically indicated.”#' Routine pul-
monary function testing is not required unless new re-
spiratory symptoms arise.”” Due to the high recurrence
rate of pneumothorax, patients should be informed of
their risk and educated about early warning signs such
as dyspnea and chest pain. Prompt medical evaluation
is recommended if these symptoms occur. Pleurodesis
is advised following the initial occurrence of pneumo-
thorax.® Data on the risk of cyst rupture due to baro-
metric pressure changes during air travel or diving in
patients with BHD syndrome remain limited. The es-
timated risk of pneumothorax during air travel is ap-
proximately 0.63%, while the risk during diving is ap-
proximately 0.33%.% Individuals with BHD syndrome
considering careers involving air travel (e.g., pilots) or

frequent diving should consult specialists regarding in-
dividual risk assessment and preventative approaches.”

All individuals with a confirmed diagnosis of BHD
syndrome should undergo contrast-enhanced CT or
magnetic resonance imaging (MRI) to evaluate renal
involvement. Initiation of screening is generally rec-
ommended at 20 years of age, irrespective of the pres-
ence or absence of known renal lesions. For those with
identified renal masses, an active surveillance strategy
is typically adopted until tumors reach a diameter of
approximately 3 cm, at which time nephron-sparing
surgical intervention is generally considered.” This
conservative management strategy is favored due to the
lifelong risk of developing multiple renal tumors in indi-
viduals with BHD syndrome. Moreover, prior surgeries
may complicate future resections and impair radiologic
interpretation.'®3*# Evidence supports the effective-
ness of percutaneous thermal ablation for treating re-
nal malignancies and current guidelines consider it an
acceptable alternative to surgical intervention.”>#%7 To
date, no studies have evaluated kidney transplantation
outcomes in patients with BHD syndrome. The primary
concern regarding transplantation in BHD syndrome is
the potential for cancer recurrence or de novo tumor
development under immunosuppression.® A published
case from Japan highlighted successful long-term dis-
ease stabilization using everolimus in a patient with
metastatic RCC.* Metastatic disease is generally man-
aged similarly to other forms of metastatic RCC, al-
though no prospective studies specifically addressing
this population are currently available. In BHD syn-
drome, ongoing research aims to clarify optimal renal
cancer screening protocols, investigate the molecular
basis of pulmonary cyst formation, and delineate the
natural course of the disease, with the ultimate goal of
guiding targeted therapeutic development.®

The prognosis of BHD syndrome depends on re-
nal tumors because renal cancer represents the leading
cause of mortality in patients with BHD syndrome.
Because BHD syndrome is a rare condition, compre-
hensive data on overall survival remain limited. None-
theless, early diagnosis and routine surveillance are
crucial to improving long-term survival outcomes in
individuals affected by this condition.

CASE ANALYSIS

This case highlights the necessity of a comprehensive
diagnostic approach in young individuals presenting
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with recurrent spontaneous pneumothorax. While the
preliminary clinical picture appeared to be an isolated
thoracic event, the detection of subtle dermatological
lesions and a subsequently revealed family history of
kidney malignancies and pneumothorax raised suspi-
cion of an underlying genetic condition.

The diagnostic process during hospitalization was
guided by clinical reasoning and supported by imag-
ing and histopathological evidence. HRCT of the chest
revealed numerous thin-walled pulmonary cysts, pre-
dominantly located in the basal and subpleural regions.
Dermatologic evaluation identified multiple facial pap-
ules, and histopathological analysis confirmed a fibro-
folliculoma. These findings, along with a significant
family history, raised suspicion for BDH syndrome.
Genetic testing subsequently identified a pathogenic
FLCN c.1285dupC mutation. The diagnosis was made
based on the presence of multiple lung cysts, character-
istic skin lesions, a pathogenic FLCN mutation wand a
family history of recurrent pneumothoraces and renal
tumors. No pathological findings were detected on ab-
dominal imaging, and regular follow-up is planned.

In addition to organ-specific management, a pre-
ventive care strategy was implemented. The patient
received genetic counseling and was advised to avoid
established risk factors for pneumothorax, including
smoking, scuba diving, and sudden barometric pres-
sure fluctuations. Cascade testing was recommended
for first-degree relatives; however, genetic testing in
asymptomatic minors was deferred.
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ABSTRACT

Lymphangioleiomyomatosis (LAM) is a female-predominant, low-grade systemic neoplasm charac-
terized by the proliferation of abnormal smooth muscle-like cells resulting in progressive cystic lung
disease. Other key manifestations of LAM include recurrent spontaneous pneumothoraces, lymphatic
complications such as lymphadenopathy and chylous effusions, and renal AML. LAM occurs almost
exclusively in women and appears to be estrogen-responsive, with symptoms worsening during preg-
nancy and with the use of estrogen-containing drugs. LAM occurs in two forms: sporadically (S-LAM)
or in association with tuberous sclerosis complex (TSC-LAM).

LAM occurs from biallelic loss of function mutations in either TSC1 on chromosome 9934 or TSC2
on chromosome 16p13, with TSC2 mutations being more common. LAM is classified as a perivascular
epithelioid cell tumor (PEComa). LAM cells migrate or metastasize to distant sites despite appearing
morphologically benign. The origin of LAM cells has been a mystery for decades, although recent
evidence seems to suggest the uterus as the likely source of origin. One proposed mechanism for the
migration of LAM cells is the fragmentation or “shedding” of LCCs into the lymphatic system and
extra-lymphatic spaces. Once in the lymphatic system, LCCs attach to lymphatic channels through
interactions with the lymphatic endothelial cell layer. LAM cells can then proliferate and form new
LAM cell clusters.

The average age of diagnosis of LAM is around 35 years, although there is wide variability. The most
common presenting manifestations leading to an initial diagnosis of LAM are related to the pulmonary
involvement of LAM. Approximately one third of patients with LAM present with spontaneous pneu-
mothorax. Another one third of patients present with other pulmonary symptoms such as shortness of
breath, wheezing, cough, or hemoptysis. The most common reported symptoms in women with LAM
include dyspnea on exertion and chronic fatigue. Increasing use of thoracic CT scans (e.g., coronary
calcium scoring scans) has also resulted in incidental discovery of cystic lung disease and early dis-
covery of LAM in several instances and is becoming more common. Renal AMLs can be seen in about
one-third of women with sporadic LAM where they mostly tend to be single lesions and unilateral.

The natural course of LAM is a slow progressive decline in lung function. Approximately 25% of pa-
tients require supplemental oxygen after 10 years. After symptom onset, the estimated transplant-free
survival is 90% at 10 years and 64% at 20 years. In patients with TSC, LAM is the second most com-
mon cause of death and the leading cause of death in adult women with TSC.

Definitive diagnosis of LAM must have three components: 1) supportive clinical history; 2) charac-
teristic CT findings of lung cysts; and 3) one of the following: TSC, renal angiomyolipomas, serum
VEGF-D = 800pg/mL, chylous pleural effusion or chylous ascites, lymphangioleiomyomas, presence
of LAM cells in effusions or lymph nodes, or histopathological confirmation by biopsy of the lung
or biopsy of abdominopelvic tumors. All attempts must be made to establish a definitive diagnosis of
LAM prior to initiation of treatment with mTOR inhibitors.

General principles of management in LAM include pharmacological therapy to address the underlying
molecular mechanisms driving the pathogenesis of LAM, management of LAM-associated complica-
tions, and supportive care such as: 1. Trial of bronchodilators with continued use in patients with evi-
dence of clinical benefit; 2. Vaccination against common respiratory pathogens such as pneumococcus,
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influenza, RSV, and SARS-CoV-2; 3. Regular exercise and consideration of pulmonary rehabilitation to address dyspnea and muscular decon-
ditioning; 4. Supplemental oxygen therapy as indicated based on resting or exertional desaturation; 5. Screening for osteoporosis, especially
in postmenopausal patients and patients with limited physical activity due to LAM; 6. Assessing for and proactively addressing mental health
concerns such as anxiety and depression; and 7. Counseling to stay physically active, maintain healthy nutrition and avoidance of pulmonary
toxins such as cigarette smoke.

The last two decades have seen tremendous progress in LAM including, but not limited to, improved understanding of the molecular pathogen-
esis, discovery of a blood-based diagnostic biomarker, advent of a safe and effective suppressive therapy, publication of clinical practice guide-
lines, and the establishment and expansion of a worldwide network of clinics that not only provides high quality clinical care but also facilitates
collaborative research in LAM as well as multiple other rare lung diseases. With close collaboration among the LAM patients, scientists and
clinicians, LAM is well poised to continue to be an exemplar of how to make meaningful progress in a rare disease in the future as the LAM
community continues its journey towards improved understanding of the molecular perturbations that drive LAM and use that knowledge to
develop novel, remission inducing therapies for LAM.

Keywords: Rare interstitial lung disease; Lymphangioleiomyomatosis; LAM; Pneumothorax; Angiomyolipoma; Sirolimus

OZET

Lenfanjiyoleyomiyomatozis (LAM), daha ¢ok kadinlarda gorulen, anormal duz kas benzeri huicrelerin proliferasyonu ile karakterize, ilerleyici
kistik akciger hastaligina yol acan dusuk dereceli sistemik bir neoplazmdir. LAM’1n 6nemli klinik ozellikleri arasinda, tekrarlayan spontan
pnomotorakslar, lenfatik komplikasyonlar (Ilenfadenopati, siloz efuzyonlar) ve renal anjiyomiyolipom (AML) yer alir. Semptomlar gebelik
sirasinda ve ostrojen iceren ilaglarin kullaniminda kotulesir. Sporadik (S-LAM) ve tuberoskleroz kompleksi ile iligkili (TSC-LAM) olmak tizere
iki formda ortaya cikar.

LAM, TSCI (9q34) veya TSC2 (16p13) genlerindeki islev kayb1 mutasyonlarindan kaynaklanir; TSC2 mutasyonlari daha yaygindir. LAM,
perivaskiler epiteloid hiicre tumorit (PEComa) olarak siniflandirilir. Morfolojik olarak benign gortinmesine ragmen LAM hiicreleri uzak bol-
gelere goc eder veya metastaz yapar. LAM hucrelerinin kokeni uzun sure belirsiz kalmig olsa da, son veriler uterusun olast kaynak oldugunu
dusundurmektedir. Olas1 patogenetik mekanizmalardan biri, LAM huicre kiimelerinin pargalanarak veya “dokilerek” lenfatik sisteme ve lenfatik
dis1 bosluklara gegmesidir. Lenfatik sisteme girdiklerinde, lenfatik endotel hiicre tabakasi ile etkilesimler araciligryla kanallara tutunur, cogalir
ve yeni hiicre kiimeleri olusturur.

LAM tanis1 konma yas1 ortalama 35 yas civaridir, ancak bu degiskenlik gosterir. Tantya yonelten en yaygin klinik belirtiler, genellikle akciger
tutulumuna baglidir. LAM hastalarinin yaklagik uicte birinde ilk bagvuru nedeni spontan pnomotorakstir; hastalarin diger tigte biri ise nefes dar-
L1g1, hurilty, oksuruik veya hemoptizi gibi solunumsal semptomlarla doktora bagvurur. Kadinlarda en sik bildirilen semptomlar, efor dispnesi ve
kronik yorgunluktur. Toraks bilgisayarli tomografisi (BT) ¢ekilmesindeki artig (or. koroner kalsiyum taramalart) da kistik akciger hastaliginin
ve dolayistyla LAM’1n rastlantisal olarak saptanmasina yol agmakta ve erken tani olasiligini artirmaktadir. Sporadik LAM’l1 kadinlarin yaklagik
ucte birinde renal AML saptanir; bunlar genellikle tek odakli ve tek taraflidir.

LAM’1n dogal seyri, akciger fonksiyonlarinda yavag ama ilerleyici bir dusustur. Hastalarin yaklasik %25°i, semptom baglangicindan 10 yil
sonra ek oksijen destegine ihtiyac duyar. Semptom baglangicindan sonra akciger nakli endikasyonuna dek sagkalim orani 10 yilda %90, 20 yilda
%64’tur. TSC hastalarinda LAM, en sik ikinci 6lum nedeni olup, yetiskin TSC tanili kadinlarda en sik 6lim nedenidir.

LAM’1n kesin tanis1 ti¢ bileseni icermelidir: 1. Destekleyici klinik oyki, 2. Akciger kistlerinin karakteristik BT bulgular1, 3. Asagidakilerden en
az biri: TSC varlig1, renal anjiyomiyolipomlar, serum VEGF-D = 800 pg/mL, siloz plevral efuzyon veya siloz asit, lenfanjiyoyomiyomlar, efuz-
yonlarda veya lenf dugiimlerinde LAM hiucrelerinin varlig1 ya da akciger veya abdominopelvik tumor biyopsisiyle histopatolojik dogrulama.
Kesin tan1 konmasi, 6zellikle mTOR inhibitorleri ile tedaviye baglamak icin zorunludur.

LAM hastalarina yaklagimda temel ilkeler; hastaligin patogenezini yonlendiren molekiller mekanizmalari hedefleyen farmakolojik tedavi,
LAM’a bagh komplikasyonlarin yonetimi ve destekleyici bakimi igerir. Bunlar arasinda: 1. Klinik yarar saglanan hastalarda bronkodilator
denemesi ve devami, 2. Pnomokok, influenza, RSV ve SARS-CoV-2 gibi yaygin solunum patojenlerine kargi agilama, 3. Nefes darlig1 ve kas
kondisyon kaybini gidermek i¢in duizenli egzersiz ve pulmoner rehabilitasyon, 4. Istirahat veya efor sirasinda desatiirasyon varliginda ek oksijen
destegi, 5. Ozellikle postmenopozal hastalarda ve fiziksel aktivitesi smirli olanlarda osteoporoz taramasi, 6. Anksiyete ve depresyon gibi ruh
saglig1 sorunlarinin proaktif degerlendirilmesi ve yonetimi, 7. Fiziksel olarak aktif kalma, saglikli beslenme ve sigara dumani gibi pulmoner
toksinlerden kacinma konusunda danigmanlik yer alir.

Son yirmi y1lda LAM konusunda molekiller patogenezin daha iyi anlagilmasi, kan tahlilinde saptanabilen bir biyobelirtecin kesfi, guivenli ve
etkili baskilayici tedavilerin gelistirilmesi, klinik uygulama kilavuzlarinin yayimlanmasi ve yalnizca yuksek kaliteli klinik bakim sunmakla
kalmay1p ayn: zamanda LAM ve diger nadir akciger hastaliklarinda is birligine dayali aragtirmalar1 kolaylastiran kuresel klinik aglarin kurulup
genisletilmesi gibi buyuk ilerlemeler kaydedilmistir.

LAM hastalari, bilim insanlar1 ve klinisyenler arasindaki yakin is birligi sayesinde LAM, nadir bir hastalikta anlamli ilerleme kaydetmenin oOr-
neklerinden biri olmaya devam etmektedir. LAM toplulugu, hastalig1 yonlendiren molekiiler bozulmalarin daha iyi anlagilmasi ve bu bilgilerin
yeni, remisyon saglayici tedavilerin gelistirilmesine donuisturiilmesi yontinde ilerlerken, gelecekte de bu alanda bir model olma potansiyelini
surdiirmektedir.

Anahtar Kelimeler: Nadir interstisyel akciger hastaliklari; Lenfanjiyoleyomiyomatozis; LAM; Pnomotoraks; Anjiomiyolipom; Sirolimus
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CASE PRESENTATION

A 27-year-old woman with no significant past med-
ical history presented to the emergency room with
chief complaints of dyspnea on exertion and left
sided pleuritic chest pain. Her physical examination
was significant for sinus tachycardia and reduced
air entry on the left side. Laboratory studies includ-
ing serum chemistry and complete blood count were
unremarkable. Chest X-ray showed large left hydro-
pneumothorax (Figure 1a). A chest tube was placed,
and she was admitted to the hospital for further eval-
uation. CT chest obtained during the hospitalization
showed diffuse thin-walled cysts in bilateral lungs and
marked enlargement of the thoracic duct (Figure 1b).
She then underwent video-assisted thoracic surgery
(VATS) with mechanical pleurodesis along with a di-
agnostic wedge biopsy. The biopsy showed numerous
small thin-walled cysts lined with spindle-shaped cell
proliferations with eosinophilic cytoplasm. Immuno-
histochemical stains were positive for desmin, actin,
HMBA45, estrogen receptor and progesterone receptor.
Based on the biopsy results, the patient was diagnosed
with lymphangioleiomyomatosis (LAM).

Subsequent work up included detailed assessment
to evaluate for underlying Tuberous Sclerosis Com-
plex (TSC) and abdominal imaging to look for renal
angiomyolipomas (AMLs), both of which were neg-
ative. Abdominal imaging revealed multiple enlarged
retroperitoneal lymph nodes. Serum vascular endo-

UPRIGHT
PA

thelial growth factor-D (VEGF-D) level was obtained
and was elevated at 5010pg/mL, consistent with her
diagnosis of LAM. Following the resolution of her
pneumothorax, she established care in the clinic with
a plan to serially monitor lung function.

INTRODUCTION

LAM is a female-predominant, low-grade systemic
neoplasm characterized by the proliferation of ab-
normal smooth muscle-like cells resulting in progres-
sive cystic lung disease. Other key manifestations of
LAM include recurrent spontaneous pneumothora-
ces, lymphatic complications such as lymphadenop-
athy and chylous effusions, and renal AML.!? LAM
occurs almost exclusively in women and appears to
be estrogen-responsive, with symptoms worsening
during pregnancy and with the use of estrogen-con-
taining drugs.>® LAM occurs in two forms: sporadi-
cally (S-LAM) or in association with tuberous sclero-
sis complex (TSC-LAM). Tuberous sclerosis complex
(TSC) is an autosomal dominant genetic syndrome
characterized by neuropsychiatric disorders, skin
manifestations and widespread benign tumor prolifer-
ation.® Mutations in the TSC genes are the key driver
for the pathogenesis of LAM and lead to hyperactiva-
tion of the mechanistic target of rapamycin (mTOR)
kinase pathway that results in unchecked growth and
proliferation of the LAM cells.” Improved understand-
ing of the molecular pathogenesis of LAM led to the

Figure 1. Presenting manifestation of LAM in the highlighted case: a) Presenting chest X-ray demonstrating large left pneu-
mothorax (arrow), b) Axial view of CT chest showing multiple, small bilateral, thin-walled cysts characteristic of LAM.

94



Hipp, Gupta

Lymphangioleiomyomatosis

conduct of pivotal trials that have helped establish the
oral mTOR inhibitor, sirolimus, as an FDA-approved
treatment for LAM. The use of sirolimus has been
shown to stabilize lung function decline, improve the
quality of life, shrink AMLs, mitigate chylous effu-
sions, and reduce the risk of spontaneous pneumotho-
races, and is the mainstay of treatment for LAM.%12

EPIDEMIOLOGY

The prevalence of LAM was previously thought to
range between 4-8 cases per million women."* How-
ever, more recent studies have reported that the prev-
alence of LAM is closer to approximately 20 cases
per million women.'*!5 Extrapolating these numbers
to the world’s population, there should be approxi-
mately 80,000-100,000 women with LAM. Given the
widespread delays in diagnosis and under-reporting,
these estimates almost certainly represent minimum
prevalence rather than true prevalence. The preva-
lence of TSC is estimated to be 1 in 5000.' Approxi-
mately one-third of women with TSC have LAM and
the prevalence of LAM in women with TSC appears
to increase with increasing age with one study report-
ing about 80% of women with TSC to have LAM by
the age of 40 years.!” Despite this observation, most
LAM patients in registries and pulmonary clinics
tend to have sporadic LAM rather than TSC-LAM.*®
While the exact reasons for this paradox are not clear,
it is likely to be driven by other healthcare needs in
TSC assuming a higher priority than LAM. The pub-
lished natural history studies in LAM consist primar-
ily of Caucasian and Asian women. However, there is
no known differential racial or ethnic propensity to
develop LAM; rather this might be related to socio-
economic factors and reflect differences in access to
healthcare.

MOLECULAR PATHOGENESIS

LAM occurs from biallelic loss of function mutations
in either TSC1 on chromosome 9q34 or TSC2 on
chromosome 16p13, with TSC2 mutations being more
common. TSC-LAM results from one germline muta-
tion and one somatic mutation, while sporadic LAM
results from two somatic mutations.”* TSC1 and
TSC2 act as tumor suppressor genes and encode the
proteins hamartin and tuberin, respectively. Hamartin
and tuberin form a protein complex that inhibits Ras
homolog enriched in brain (Rheb), a GTP-binding
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protein that activates mTORCI1 kinase. When either
hamartin or tuberin are not functional, they are not
able to form the protein complex, thus freeing Rheb
to upregulate mTORCI, leading to phosphorylation
of downstream targets ribosomal protein S6 kinase
1 (S6K1) and eukaryotic initiation factor 4E-bind-
ing protein 1 (4E-BP1), thereby increasing synthesis
of proteins that promote cell cycle progression and
lymphangiogenesis.”*!

LAM is classified as a perivascular epithelioid cell
tumor (PEComa). LAM cells migrate or metastasize
to distant sites despite appearing morphologically
benign. The origin of LAM cells has been a mystery
for decades, although recent evidence seems to sug-
gest the uterus as the likely source of origin.”> One
proposed mechanism for the migration of LAM cells
is the fragmentation or “shedding” of LCCs into the
lymphatic system and extra-lymphatic spaces. Once in
the lymphatic system, LCCs attach to lymphatic chan-
nels through interactions with the lymphatic endothe-
lial cell layer. LAM cells can then proliferate and form
new LAM cell clusters.?*?

Female sexual hormones, especially estrogen,
have been implicated in the pathogenesis of LAM in
preclinical models as well as by clinical observations
such as the female predominance of LAM, worsening
of disease activity with exogenous estrogen use and
during pregnancy, and the presence of cyclical symp-
tom variability coinciding with the hormonal flux-
es of the menstrual cycle in a subset of women with
LAM.*5227.28 Other key pathogenic aspects of LAM
include the LAM cells ability to evade detection by
the immune system via multiple mechanisms such as
expression of immune checkpoint inhibitors and their
ligands and alteration in natural killer cell function,
and their ability to recruit other immune cells and fi-
broblasts, that in turn lead to progressive destruction
of the pulmonary parenchyma by the secretion of ma-

trix degrading enzymes.?-3

CLINICAL MANIFESTATIONS

The average age of diagnosis of LAM is around 35
years, although there is wide variability.? The most
common presenting manifestations leading to an ini-
tial diagnosis of LAM are related to the pulmonary
involvement of LAM. Approximately one third of pa-
tients with LAM present with spontaneous pneumo-
thorax. Another one third of patients present with oth-
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er pulmonary symptoms such as shortness of breath,
wheezing, cough, or hemoptysis. The most common
reported symptoms in women with LAM include dys-
pnea on exertion and chronic fatigue. Increasing use
of thoracic CT scans (e.g., coronary calcium scoring
scans) has also resulted in incidental discovery of cys-
tic lung disease and early discovery of LAM in sev-
eral instances and is becoming more common. Renal
AMLs can be seen in about one-third of women with
sporadic LAM where they mostly tend to be single
lesions and unilateral.’®® In contrast, renal AMLs
are seen in about 80-90% of women with TSC-LAM
where they often tend to be bilateral and have mul-
tiple lesions.*® Lymphatic complications such as pel-
vic and retroperitoneal lymphadenopathy, abdominal
lymphangioleiomyomas, and chylous effusions such
as chylothorax, can be seen in about 20% of women
with sporadic LAM.* For reasons that are not entirely
clear, the lymphatic manifestations of LAM are much
less commonly seen (<5%) in TSC-LAM.*

The natural course of LAM is a slow progressive
decline in lung function. Approximately 25% of pa-
tients require supplemental oxygen after 10 years.*®
After symptom onset, the estimated transplant-free
survival is 90% at 10 years and 64% at 20 years.* In
patients with TSC, LAM is the second most common
cause of death and the leading cause of death in adult
women with TSC.#

DIAGNOSIS
History and Physical Examination

Detailed history and physical examination focused on
ascertaining the presence of underlying TSC and ex-
cluding elements present in other cystic lung diseases
is the key first step in the diagnostic evaluation of pa-
tients with suspected LAM.*' The presence of char-
acteristic cystic lung disease in a woman with TSC
is generally sufficient to establish a clinical diagnosis
of TSC-LAM without the need for histopathological
confirmation.*

Laboratory Findings

Elevated serum VEGF-D level =800pg/ml in wom-
en with cystic lung disease is highly specific to help
establish a confirmed diagnosis of LAM and exclude
other common cystic lung diseases.*** However, it is
worth noting that the sensitivity of VEGF-D as a diag-
nostic biomarker is approximately 60% and as such the
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presence of a normal VEGF-D value does not exclude
the possibility of LAM. The current American Thorac-
ic Society (ATS)/Japanese Respiratory Society (JRS)
LAM Clinical Practice Guidelines recommend check-
ing VEGEF-D levels prior to pursuing invasive diagnos-
tic testing with women with suspected LAM.*

Radiology

Computed tomography (CT) of the chest is essential for
the diagnosis of LAM. Characteristic findings are mul-
tiple round thin-walled intraparenchymal cysts that are
present diffusely in bilateral lung fields (Figure 1). An
expert radiologist can accurately identify LAM based
on CT findings alone with high sensitivity and specific-
ity.* However, given the need for long-term, and even
lifelong, treatment, the LAM Guidelines recommend
not using CT findings alone to establish a confirmed
diagnosis of LAM.* The diagnostic criteria for LAM
are summarized in Table 1.

Other potential CT chest findings in patients with
LAM include chylous pleural effusions (~10-15%), me-
diastinal lymphadenopathy (~10%), and, rarely, ground
glass changes in the pulmonary parenchyma reflecting
chylous congestion. In patients with TSC-LAM, mul-
tiple pulmonary nodules, representing clusters of di-
viding type II pneumocytes, referred to as multifocal
micronodular pneumocyte hyperplasia (MMPH), may
also be seen. MMPH is generally a benign condition
that does not tend to progress over time.*’

Patients with known or suspected LAM should also
have abdominal and pelvic CT imaging obtained in the
initial evaluation to screen for the presence of renal and
hepatic angiomyolipomas (AMLs). Renal AMLs are
found in the majority (80-90%) of patients with TSC
where they are often multiple and bilateral and in about
one-third of patients with S-LAM where they are often
limited to a single lesion in one kidney.'3*® Hepatic
AMLs may be found in up to one-third of patients with
TSC-LAM but are generally not seen in patients with
S-LAM.%*

Pulmonary Function Tests

At initial diagnosis of LAM, approximately 60% of
patients have airflow obstruction on spirometry, 30%
of patients have normal spirometry, and 10% of pa-
tients have a restrictive defect.'® Approximately 20-
25% of patients have a significant response to bron-
chodilators. Diffusing capacity of the lungs for carbon
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Table 1. Diagnostic criteria for LAM.

Definitive diagnosis of LAM requires all three of the following:

1. Compatible clinical history

2. HRCT chest with characteristic findings of LAM

3. At least one additional feature:
e Diagnosis of TSC
¢ Presence of renal AML*
¢ Elevated serum VEGF-D = 800pg/mL
¢ Chylous effusion
¢ Lymphangioleiomyomas*

¢ Histologic confirmation by lung biopsy

¢ LAM cells or LAM cell clusters on cytology of effusions or lymph nodes

* AMLs or lymphangioleiomyomas can generally be diagnosed radiologically and do not require invasive diagnostic procedures
AML= angiomyolipoma, LAM= lymphangioleiomyomatosis, TSC= Tuberous Sclerosis Complex, VEGF-D= vascular endothelial growth factor-D

monoxide (DLco) can be reduced in most patients,
including those with normal spirometry. Patients with
TSC-LAM are more likely to present with normal spi-
rometry and DLco than patients with S-LAM. Pulmo-
nary function tests (PFT) including spirometry with
bronchodilator, lung volumes, and diffusing capacity
should be obtained on initial evaluation. Serial PFTs
is the mainstay to monitor for disease progression in
untreated patients and to assess response to treatment
in patients on sirolimus.

Role of Invasive Testing

Surgical lung biopsy is considered the gold standard
for the diagnosis of LAM but is not always necessary
to make a definitive diagnosis. When patients have
characteristic cysts on CT chest without other features
of LAM (clinical, laboratory), lung biopsy is recom-
mended to confirm the diagnosis. Transbronchial lung
biopsy (TBBx) has a diagnostic yield of over 50% and
may obviate the need for surgical lung biopsy, which
carries a higher risk of procedural complications.* If
biopsy is needed to confirm the diagnosis of LAM,
patients should have TBBx prior to surgical lung biop-
sy.* If TBBx is non-diagnostic, surgical lung biopsy
should be considered. Transbronchial cryobiopsy has
shown promise in the diagnosis of LAM and might be
a reasonable approach in centers that are well versed
in this technique.* Bronchoalveolar lavage has not
been shown to have utility due to its low sensitivity
and is not recommended in the diagnostic evaluation
of LAM.
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Pathology

LAM cells typically have two distinct morphologi-
cal subtypes: proliferating small spindle shaped cells
and cuboidal epithelioid cells. LAM cells exhibit over-
lapping features of myogenic (expressing a-actin) and
melanocytic (expressing gpl100 recognized by HMB-
45 antibody) differentiation.*® In addition, these cells
also express estrogen and progesterone receptors. This
immunohistochemical profile is observed in tumors
known as perivascular epithelioid tumors (PEComas),
and as such LAM also belongs in that category.’' As
LAM cells invade the lung parenchyma, they disrupt
the normal architecture of lung tissue, leading to the
destruction of vessels, obliteration of distal airways,
and loss of elastic fibers in the alveolar walls. This
process results in the formation of thin-walled cysts
outlined by LAM cells, often accompanied by the pro-
liferation of type IT pneumocytes.’? LAM lesions often
abundant lymphatic channels, forming an anastomos-
ing meshwork of slit-like spaces lined by LYVEIL,
podoplanin, and VEGFR3-positive lymphatic endo-
thelial cells.”® LAM cells or LAM cell clusters (spher-
ical aggregates of LAM cells lined by a single layer of
endothelial cells) can also be identified through cyto-
logical examination of chylous effusions.*

DIAGNOSTIC CRITERIA

Diagnostic criteria for LAM have been developed
by the American Thoracic Society and the Japanese
Respiratory Society (Table 1)46. Definitive diagnosis
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of LAM must have three components: 1) supportive
clinical history; 2) characteristic CT findings of lung
cysts; and 3) one of the following: TSC, renal angi-
omyolipomas, serum VEGF-D = 800pg/mL, chylous
pleural effusion or chylous ascites, lymphangioleio-
myomas, presence of LAM cells in effusions or lymph
nodes, or histopathological confirmation by biopsy of
the lung or biopsy of abdominopelvic tumors. All at-
tempts must be made to establish a definitive diagno-
sis of LAM prior to initiation of treatment with mTOR
inhibitors.

TREATMENT

General principles of management in LAM include
pharmacological therapy to address the underlying
molecular mechanisms driving the pathogenesis of
LAM, management of LAM-associated complica-
tions, and supportive care such as:

1. Trial of bronchodilators with continued use in pa-
tients with evidence of clinical benefit;

2. Vaccination against common respiratory patho-
gens such as pneumococcus, influenza, RSV, and
SARS-CoV-2;

3. Regular exercise and consideration of pulmonary
rehabilitation to address dyspnea and muscular de-
conditioning;

4. Supplemental oxygen therapy as indicated based
on resting or exertional desaturation;

5. Screening for osteoporosis, especially in post-
menopausal patients and patients with limited
physical activity due to LAM;

6. Assessing for and proactively addressing mental
health concerns such as anxiety and depression;

7. Counseling to stay physically active, maintain
healthy nutrition and avoidance of pulmonary tox-
ins such as cigarette smoke.

Sirolimus

The first line treatment for LAM is the oral mTOR
complex 1 inhibitor, sirolimus. Sirolimus forms a
complex with FK binding protein 12 (FKBP-12) that
inhibits activation of mTOR. The efficacy of sirolimus
in the treatment of LAM has been evaluated in multi-
ple clinical trials but the pivotal trial of sirolimus that
led to its eventual approval by the United States Food
and Drug Administration (FDA) was the Multicenter
Efficacy

International Lymphangioleiomyomatosis
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of Sirolimus (MILES) trial.® The MILES trial was a
double-blind, placebo-controlled, randomized trial
that enrolled 89 women with LAM who had at least
moderate impairment of lung function as defined by
forced expiratory volume in 1 second (FEV ) <70%.
Patients were treated with sirolimus or placebo for 12
months followed by a 12-month period of observation
off treatment. The primary outcome was the rate of
change in FEV  (FEV, slope) in the first 12 months.
Lung function in the sirolimus group stabilized during
the initial 12-month period while subjects in the pla-
cebo group experienced a decline in FEV . After dis-
continuation of sirolimus, subjects experienced a de-
cline in FEV, at a similar rate to the placebo group.
In addition, sirolimus treatment was associated with a
reduction in serum VEGF-D levels as well as an im-
provement in health-related quality of life. Based on
the MILES trial results, sirolimus was approved by the
US FDA for the treatment of LAM in 2015. Since then,
sirolimus as a treatment for LAM has been approved
by regulatory agencies in over 40 countries across
the world. In addition to stabilizing lung function de-
cline, treatment with sirolimus has also been shown to
shrink AMLs, decrease the risk for future spontaneous
pneumothoraces, reduce the size of lymphangioleio-
myomas, resolve chylous effusions, and improve the
overall lifespan of women with LAM. 10125455

Pharmacological therapy with sirolimus should be
considered for women with LAM in any of the follow-
ing circumstances: 1) reduced FEV, <70% predicted,
2) other physiological measures suggesting substantial
disease burden such as abnormal DLco, air trapping,
and/or resting of exertional oxygen desaturation, 3)
rapidly declining lung function (FEV, slope 290ml/
year), 4) renal AML(s) that are greater than 3cm in
size or growing, 5) problematic/symptomatic chylous
effusions or large symptomatic lymphangioleiomy-
omas.® Treatment with sirolimus has recently been
shown to reduce the risk of future pneumothoraces and
high pneumothorax burden despite pleurodesis might
also be another indication to treat.'> The safety and
efficacy of early administration of low-dose (1 mg/
day) sirolimus to prevent the progression of LAM in
patients with preserved lung function is currently be-
ing investigated in a randomized, placebo-controlled
trial (Multicenter Interventional LAM Early Disease
[MILED] trial; NCT03150914).

In general, sirolimus is very well tolerated. The
most common side effects of sirolimus treatment
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include stomatitis, diarrhea, acne, lower extremi-
ty edema, and hyperlipidemia.’® The adverse effects
from sirolimus tend to be more common in the first
few months following treatment and decrease over
time.”” Furthermore, most adverse effects of sirolimus
are dose dependent and in most patients using a low-
er dose can help mitigate the side effects while still
preserving treatment efficacy.*® Sirolimus is a potent
inhibitor of wound healing and should be withheld a
week before surgery and until the wounds are fully
healed after surgery (typically 1-2 weeks).*¢?

Everolimus

Everolimus is another mTOR inhibitor that has shown
efficacy in the stabilization of lung function in pa-
tients with LAM. In a phase II multicenter open-label
study, treatment with everolimus led to improvement
in FEV , stability of FVC, improvement in 6-minute
walk distance, and decreased VEGF-D levels.®® Ever-
olimus is FDA approved for the treatment of multiple
TSC manifestations such as AMLs, subependymal gi-
ant cell astrocytomas, and epilepsy. Although not FDA
approved for the treatment of LAM, everolimus is a
reasonable alternative in patients who are not able to
tolerate sirolimus therapy.

PNEUMOTHORAX

Spontaneous pneumothorax is a common complica-
tion of LAM and more than two-thirds of the patients
with LAM experience at least one spontaneous pneu-
mothorax in their lifetime with a very high risk (~70%)
of recurrence.® The risk of recurrence can be reduced
in half (to about 30%) with pleurodesis. As such, pleu-
rodesis is recommended following the first episode of
spontaneous pneumothorax in women with LAM rath-
er than waiting for a recurrent event.*® VATS-guided
mechanical pleurodesis is the preferred mode of initial
pleurodesis with the use of talc reserved for patients
who experience recurrent events despite mechanical
pleurodesis. It is worth noting that prior pleurodesis is
not a contraindication for future lung transplantation.*

ANGIOMYOLIPOMAS

The primary goal of management in AMLs is to reduce
the risk of hemorrhage and preserve renal function and
the management strategies are similar to those in the
context of TSC.®> Options for management include
surveillance, medical therapy with mTOR inhibitors,
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embolization, and nephron-sparing surgery. AMLs
less than 3 cm carry a very low risk of bleeding and
can generally be serially monitored. Symptomatic le-
sions, AMLs that are rapidly increasing in size, those
larger than 8 cm and those with notable aneurysms are
at high risk of rupture.®*** mTOR inhibitors are the
first line treatment option for AMLs >3cm, especially
if there are other concomitant LAM treatment indi-
cations.® Endovascular arterial embolization is pre-
ferred treatment for spontaneous rupture of AMLs and
may also be a reasonable alternative for single lesions
with significant aneurysmal burden who otherwise do
not need mTOR inhibitor treatment for LAM. %

LYMPHATIC MANIFESTATIONS

For chylothorax and chylous ascites, treatment should
be guided by the size of the effusion and symptom
burden. For moderate-large, persistent, or symptom-
atic effusions, mTOR inhibitors are the first line op-
tion.® It is worth noting that it might take a few months
(even 6-12 months) for mTOR inhibitors to take full
effect; but they are effective in most patients." Inva-
sive procedures, such as dynamic, intranodal contrast
enhanced MRI and catheter directed embolization of
leaking vessels via the thoracic duct are the preferred
mode of management in patients with refractory effu-
sions despite treatment with mTOR inhibitors.®” Cys-
tic lymphangioleiomyomas should generally not be
drained or resected due to high chance of inducing a
chronic leak.®

LUNG TRANSPLANTATION

Between 1995 and 2018, LAM accounted for 0.9%
of adult lung transplants.®® Although no strict criteria
for the timing of lung transplantation in LAM exist,
common indications for referral to a lung transplant
center include New York Heart Association (NYHA)
functional class III or IV, severely reduced lung func-
tion defined by FEV, <30% predicted, hypoxemia
requiring supplemental oxygen at rest, pulmonary
hypertension, and refractory pneumothorax.”? Many
patients with LAM have undergone pleurodesis prior
to lung transplant referral. Although history of pleu-
rodesis increases peri-operative bleeding risk, it does
not impact mortality or overall length of hospital stay,
and as such, prior pleurodesis is not a contraindication
for future lung transplantation.*®®' The survival after
lung transplant is 94% at 1 year, 73% at 5 years, and
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56% at 10 years, which is better than other chronic
pulmonary diseases.®

PREGNANCY AND CONTRACEPTION

Pregnancy is known to be associated with accelerated
progression of LAM and increased risk of pneumo-
thoraces, chylous effusions, and rupture of AMLs.>*
Women, particularly those with moderate-severe dis-
ease, should be counseled about the potential for these
risks associated with pregnancy. Sirolimus is typically
avoided during pregnancy, however, some published
reports, including a recently published report of 12
pregnancies from 9 women with LAM who took si-
rolimus during pregnancy, have suggested that the use
of sirolimus might be safe and might help mitigate
the pregnancy-related risk of lung function decline
and other LAM complications such as pneumotho-
races.*%*"% Improved understanding of the potential
role of mTOR inhibitors to mitigate disease progres-
sion during pregnancy is a major unmet need in LAM.
Due to the risk of disease progression with exposure
to exogenous estrogen, estrogen-based contraceptives
should be avoided in women with LAM.%#!

NATURAL HISTORY AND PROGNOSIS

LAM is a gradually progressive disease with 5, and
10-year transplant-free survival rates approaching
94%, and 85%, respectively, and a median survival
exceeding 20 years following diagnosis.*® The rate of
FEV, decline has been reported to range between 47-
134 ml/year in various studies, with an average rate of
FEV, decline of ~90 ml/year in the NHLBI LAM Reg-
istry.?*32% Lung function declines faster in premeno-
pausal women compared with postmenopausal wom-
en.*>” Other variables that have been associated with
faster disease progression include elevated VEGF-D
levels, radiological cyst burden, and bronchodila-
tor responsiveness on spirometry.**>7¥# Other poor
prognostic markers of LAM include impaired DLco,
worse histology score, presentation with dyspnea, and
the need for supplemental oxygen.*%** More recent-
ly, using data derived from two large LAM natural
history cohorts, a LAM prediction model has been
developed that can help provide individualized prog-
nostic predictions regarding the risk of FEV1 decline
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in untreated patients and help clinicians and patients
make timely decisions regarding starting treatment
with sirolimus.® The model can be accessed freely at:
https://medmonitoring.shinyapps.io/LAMPApp/.

CASE ANALYSIS

Two months later, the patient presented to the emer-
gency department with worsening dyspnea on ex-
ertion. Vital signs were significant for tachycardia,
tachypnea, and oxygen saturation of 94% on ambient
air. Physical examination revealed decreased breath
sounds over the right lung. Chest X-ray showed a
large right pleural effusion (Figure 2a). Thoracente-
sis was performed with removal of 4 liters of milky
white fluid from the right pleural cavity. Pleural flu-
id analysis showed triglyceride level of 3,262 mg/dL
consistent with chylothorax. Sirolimus was initiated
during the hospital admission, and the patient was dis-
charged. She had re-accumulation of pleural fluid and
underwent two more thoracenteses in the two weeks
following discharge. However, the effusion resolved
after being on sirolimus for three weeks. She remains
on treatment with sirolimus with stable lung function
tests and has not had any recurrence of her pneumo-
thorax or chylothorax (Figure 2b).

CONCLUSION

The last two decades have seen tremendous prog-
ress in LAM including, but not limited to, improved
understanding of the molecular pathogenesis, discov-
ery of a blood-based diagnostic biomarker, advent of a
safe and effective suppressive therapy, publication of
clinical practice guidelines, and the establishment and
expansion of a worldwide network of clinics that not
only provides high quality clinical care but also facil-
itates collaborative research in LAM as well as multi-
ple other rare lung diseases. With close collaboration
among the LAM patients, scientists and clinicians,
LAM is well poised to continue to be an exemplar of
how to make meaningful progress in a rare disease in
the future as the LAM community continues its jour-
ney towards improved understanding of the molecular
perturbations that drive LAM and use that knowledge
to develop novel, remission inducing therapies for
LAM.
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Figure 2. Lymphatic complications of LAM as experienced by our patient: a) Chest X-ray done a few months following
diagnosis to investigate new onset dyspnea on exertion revealing large right-sided pleural effusion (arrow) which was de-
termined to be a chylothorax following diagnostic and therapeutic thoracentesis, and b) Recent chest X-ray demonstrating
complete resolution of chylothorax following treatment with sirolimus.
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HISTIOCYTOSIS

PULMONER LANGERHANS HUCRE HISTIVOSITOZU

ABSTRACT

Pulmonary Langerhans cell histiocytosis (PLCH) is a rare interstitial lung disease characterized by the
proliferation and infiltration of CD1a+ and Langerin+ dendritic cells, typically affecting young adult
smokers. Although it can occur as part of a systemic Langerhans cell histiocytosis (LCH), PLCH most
often presents as an isolated pulmonary manifestation. Pathogenesis is strongly associated with ciga-
rette smoking, which induces cytokine release, dendritic cell activation, and abnormal accumulation
in distal bronchioles, leading to bronchiolocentric granulomatous inflammation and subsequent cystic
lung remodeling.

Clinically, patients may present with non-specific respiratory symptoms such as dry cough, dyspnea,
and chest pain; however, many cases are incidentally detected on radiological imaging. Recurrent
pneumothorax is a hallmark feature and may be the initial presentation in some patients. High-resolu-
tion computed tomography (HRCT) plays a crucial role in diagnosis. Radiological findings typically
include bilateral, upper-lobe-predominant nodules and irregular cysts, frequently with relative sparing
of costophrenic angles. Pulmonary function tests (PFTs) may show either obstructive, restrictive, or
mixed patterns, and diffusing capacity for carbon monoxide (DLco) is often reduced.

Histopathological confirmation is required in uncertain cases, with transbronchial or surgical lung bi-
opsies demonstrating characteristic Birbeck granule—containing Langerhans cells. Recent studies have
identified somatic mutations, including BRAF V600E and MAP2K1, suggesting a neoplastic compo-
nent and offering potential targets for therapy.

Smoking cessation is the cornerstone of management and may lead to disease stabilization or regres-
sion. In progressive or symptomatic disease, corticosteroids or chemotherapy may be considered, al-
though evidence is limited. Targeted therapies against BRAF mutations have shown promise in refrac-
tory cases. Lung transplantation remains a consideration for end-stage disease.

In conclusion, PLCH is a unique smoking-related interstitial lung disease with heterogeneous clinical
behavior. Early diagnosis, smoking cessation, and tailored management are essential to improve out-
comes and reduce complications such as pulmonary hypertension and respiratory failure.

Keywords: Pulmonary Langerhans cell histiocytosis; Histiocytosis X; Recurrent pneumothorax;
Smoking; Pulmonary cysts; BRAF mutation; Cystic lung diseases

OZET

Pulmoner Langerhans Hucreli Histiyositoz (PLCH), cogunlukla geng eriskin sigara i¢icilerinde go-
rulen nadir bir interstisyel akciger hastaligidir. Hastalik, CDla+ ve Langerin+ dendritik huicrelerin
proliferasyonu ve akciger dokusunda birikimi ile karakterizedir. PLCH, sistemik Langerhans hiicreli
histiyositozun bir parcasi olarak ortaya ¢ikabilecegi gibi, cogunlukla sadece akciger tutulumu seklinde
izlenir. Hastaligin patogenezi sigara dumani1 maruziyeti ile yakindan iligkilidir. Sigara duman sitokin
salinimini artirr, dendritik hiicre aktivasyonunu tetikler ve distal bronsiollerde anormal hiicre birikimi-
ne yol agar. Bu suire¢ bronsiol merkezli graniilomatoz inflamasyon ve ardindan kistik akciger yapisinin
ortaya ¢cikmasina neden olur.

Klinik olarak hastalar cogunlukla kuru oksuriik, nefes darhigr ve gogus agrisi gibi 6zgul olmayan ya-
kinmalarla bagvurur. Baz1 olgular ise rastlantisal olarak goruntuleme sirasinda saptanir. Tekrarlayan
pnomotoraks hastaligin karakteristik bulgusu olup bazi hastalarda ilk belirtidir. Gortintuleme bulgular:
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tipik olarak bilateral, st zonlarda yogunlasan noduller ve duizensiz kistler seklindedir; kostofrenik acilarin goreceli olarak korunmasi siktir.
Yuksek cozunurluklu bilgisayarli tomografi (YCBT), tanida kritik oneme sahiptir. Solunum fonksiyon testlerinde (SFT) obstruktif, restriktif
veya karigik paternler gorilebilir ve karbon monoksit difuzyon kapasitesi (DLco) siklikla azalmistir.

Taninin kesinlestirilmesi gereken durumlarda transbrongiyal veya cerrahi akciger biyopsisi yapilir. Histopatolojide karakteristik olarak Birbeck
graniilleri iceren Langerhans hucreleri gozlenir. Son yillarda BRAF V600OE ve MAP2K1 gibi somatik mutasyonlarin tanimlanmasi, hastaligin
neoplastik 0zellik tagidigini ve hedefe yonelik tedavi seceneklerinin gelistigini gostermektedir.

Tedavide sigara birakma temel yaklasimdir ve hastaligin stabilizasyonu veya gerilemesi saglanabilir. Ilerlemis veya semptomatik olgularda
kortikosteroidler veya kemoterapi secenekleri degerlendirilebilir ancak kanitlar sinirhidir. BRAF mutasyonu pozitif direngli olgularda hedefe
yonelik tedaviler umut vadetmektedir. Son donem hastalikta akciger nakli gerekebilir.

Sonug olarak, PLCH heterojen klinik seyirli, sigara ile iligkili 0zgiin bir interstisyel akciger hastaligidir. Erken tani, sigaranin birakilmasi ve
hastaya 0zel tedavi stratejileri komplikasyonlarin azaltilmas: ve yasam kalitesinin artirilmasi a¢isindan buytik onem tagir.

Anahtar Kelimeler: Pulmoner Langerhans hiicreli histiyositozis; Histiyositozis X; Yineleyen pnomotoraks; Sigara icimi; Akciger kistleri;
BRAF mutation; Kistik akciger hastaliklari

C ASE PRESENTAT'ON dereg nodulc.es with cavitation and cy.stic changes, pr.e-
dominantly in the upper lobes. The lingula and medial

A previously healthy 27-year-old man with no known segments of the middle lobe were relatively spared,

history of pulmonary disease applied at a pulmonol- and the lesions extended to the costophrenic angles
ogy clinic due to the sudden onset of severe pleuritic (Figure 2). Based on these findings, the patient un-
chest pain. Initial assessment revealed a spontaneous derwent video-assisted thoracoscopic surgery (VATS)
right-sided pneumothorax (Figure 1). On admission, with wedge resection of the right upper lobe, mainly
his vital signs were as follows: oxygen saturation 98% due to prolonged air leakage. Histopathological analy-
(with supplemental oxygen), heart rate 88 bpm, and sis confirmed PLCH, revealing stellate-shaped fibrotic
blood pressure 120/70 mmHg. scars, eosinophilic infiltration, and clusters of CDla
Chest radiography and thoracic CT revealed not and S100 positive Langerhans cells.
only pneumothorax but also widespread parenchymal Following diagnosis, the patient was strongly
abnormalities in both lungs, including irregularly bor- advised to cease smoking, and he successfully quit

Figure 1. Posteroanterior chest radiograph of the patient from 2014, at first admission. There are reticulonodular opacities
predominantly in the upper and middle lung zones bilaterally, with preservation of the costophrenic angles, and a pneumo-
thorax line is observed in the right lung.

109



Yigit, Ugurlu

Pulmonary Langerhans Cell Histiocytosis

Figure 2. Thorax CT (2014) reveals irregularly bordered nodules with cavitation and cystic changes, predominantly in the
upper lobes. The lingula and medial segments of the middle lobe were relatively spared, and the lesions extended to the

costophrenic angles.

permanently (with a prior history of 10 pack-years).
Treatment with inhaled ipratropium bromide was ini-
tiated, resulting in significant symptomatic improve-
ment.

His occupational history revealed prior work in
construction for two years, followed by twelve years
of employment in a copper processing facility with
ongoing exposure to copper dust. Given the risk of
exacerbating lung damage, he was advised to avoid
exposure to dust and chemicals, and his workplace
physician was formally notified.

INTRODUCTION

LCH is a rare disease characterized by the tissue infil-
tration of CD1a+ myeloid cells that share many fea-
tures with Langerhans cells, presenting a wide clinical
spectrum ranging from a self-limited process localized
to a single organ to severe, life-threatening multisys-
tem involvement.! The term PLCH refers to a lung
condition that may be confined to the lungs in adults
or may occur as part of a broader systemic disease.’
PLCH is most commonly identified in young adults,
with over 90% of patients being active smokers or
having a history of smoking at diagnosis.' LCH is gen-
erally diagnosed between the ages of 20 and 40 and
affects males and females almost equally.*

Some patients are asymptomatic, and the diag-
nosis is frequently discovered incidentally through
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radiological imaging. Typical respiratory complaints
include a persistent dry cough and shortness of breath,
while wheezing or coughing up blood are less com-
mon. Additionally, systemic signs such as fatigue,
chest discomfort, fever, and weight loss may occur.!
The clinical course of PLCH is unpredictable and var-
ies widely, with the disease either resolving sponta-
neously, particularly in young smokers, or progressing
to multi-organ failure and death, leaving uncertainty
as to whether it represents a neoplastic disorder or a
reactive proliferation of Langerhans cells.?®

Approximately 90% of patients show reduced
carbon monoxide diffusion capacity (DLco). In pul-
monary function tests (PFTs), both restrictive and
obstructive patterns may occur. Chest radiographs
typically reveal a micronodular, reticular, or cystic
pattern involving both lungs while sparing the bases.
High-resolution computed tomography (HRCT) scans
classically demonstrate a combination of nodules and
cysts predominantly in the upper and middle lobes,
with relative sparing of the lung bases.! The cysts
vary in size and shape, ranging from round to irregular
forms and may be associated with nodules and thick-
walled cavities. In patients with characteristic HRCT
findings and a history of smoking, clinical diagnosis
can often be established.¢

A characteristic finding in bronchoalveolar lavage
(BAL) fluid is the presence of more than 5% CD1a+
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cells, which shows high specificity compared to sen-
sitivity.* In selected cases, lung biopsy may be nec-
essary. Histopathologically, LCH is characterized by
cellular peribronchiolar nodules containing Langer-
hans cells and inflammatory cells with progression to
fibrotic nodules.?

Based on the number of affected organs, the His-
tiocyte Society categorizes LCH into single organ or
multisystem disease. Single-organ involvement usual-
ly affects sites such as bone, skin, or lungs and tends
to have a more favorable prognosis, often allowing
for spontaneous remission. In contrast, multisystem
disease involves multiple sites including bone, skin,
the hypothalamic-pituitary axis, lymph nodes, lung le-
sions, and less commonly the central nervous system.
This form is linked to a worse prognosis, particularly
when high-risk organs like the liver, spleen, or hema-
topoietic system are affected.” Chronic cases of LCH
may also develop complications such as pulmonary
hypertension and interstitial fibrosis.®

Smoking cessation is the most crucial aspect of
managing PLCH. Tobacco use is a major factor in dis-
ease development, and cessation has a beneficial im-
pact on its progression. The natural course of PHLC is
unpredictable; around half of the patients experience
improvement, 30-40% maintain stable disease, while
10-20% may progress to chronic respiratory failure
with repeated episodes of pneumothorax.*

EPIDEMIOLOGY

PLCH is an uncommon interstitial lung disease that
primarily affects smokers. It has previously been
known by other names such as pulmonary eosinophil-
ic granuloma, pulmonary Langerhans cell granulo-
matosis, and pulmonary histiocytosis X.° The overall
incidence of LCH is estimated at 4-9 cases per million
annually in children and 1-2 cases per million annually
in adults.'® PLCH mostly occurs in young adults aged
between 20 and 40 years, with no clear preference for
either sex. Reports indicate a rising incidence, partic-
ularly among Asian populations. While a few familial
occurrences point to potential genetic factors, the ma-
jority of isolated PLCH cases arise sporadically.®

PATHOGENESIS

The exact pathogenesis of PLCH remains unclear,
but it is mainly considered to result from a combina-
tion of inflammatory reactions triggered by cigarette
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smoke and neoplastic mechanisms. Strong evidence
exists linking cigarette smoking as a causative factor
for PLCH in adults. More than 90% of adult patients
diagnosed with PLCH are either active smokers or
have experienced substantial exposure to secondhand
smoke.?

Tobacco smoke promotes the build-up of inflam-
matory cells within the lungs. Among these cells are
Langerhans cells which release a variety of cytokines
and chemokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-1p), granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), trans-
forming growth factor-beta (TGF-B), and chemokine
ligand 20 (CCL20). Moreover, bronchial epithelial
cells and fibroblasts also produce GM-CSF, which
acts as a strong growth factor for Langerhans cells."
Cigarette smoking is thought to stimulate the release
of TNF-a, GM-CSF, TGF-$, and CCL20 from den-
dritic cells, Langerhans cells, and neighboring lung
cells. This results in the ongoing activation of dendrit-
ic cells, Langerhans cells, and their precursors. Such
continuous stimulation promotes the local growth and
accumulation of Langerhans cells in the peribronchial
areas. Furthermore, the excessive recruitment of circu-
lating monocytes (likely directly induced by cigarette
smoke exposure) is considered a major mechanism
contributing to the expansion of dendritic and Langer-
hans cell populations surrounding the small airways.?

In pediatric cases of PLCH, the link to cigarette
smoking is less well established. Nonetheless, there
is evidence suggesting that adolescents who begin
smoking may be at increased risk of developing PLCH
as young adults, particularly if they have a history of
childhood LCH outside the lungs.?

Discontinuation of smoking has been associated
with either partial or complete resolution of pulmo-
nary abnormalities. PLCH typically features marked
peribronchial inflammation, indicating that inhaled
substances like tobacco smoke may damage the small
airways. Tobacco use leads to an increased presence
of macrophages within the lungs; the recruitment and
clustering of these cells around small airways, in the
interstitial spaces, and within distal alveolar regions is
characteristic of several smoking-induced lung disor-
ders, PLCH among them. A particularly intriguing and
unresolved issue is why only a small subset of smok-
ers go on to develop PLCH, suggesting that intrinsic
genetic or immune-related factors (or other environ-
mental exposures) might act as a secondary trigger. In
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those affected, smoking may provoke an exaggerated
inflammatory reaction, activating multiple pulmonary
cell types, including epithelial and immune cells. This
process perpetuates a destructive cycle of chronic
inflammation, tissue damage, and structural lung re-
modeling. It is still unclear whether this is driven by
a failure in natural anti-inflammatory pathways or by
concurrent external factors such as viral infections.
Clarifying these mechanisms remains a critical focus
of current research efforts.®

Although there is a consensus on the role of smok-
ing in the development of PLCH, the exact effects of
smoking on the function, activation, and tissue ac-
cumulation of Langerhans cells have not been fully
elucidated. Nevertheless, current data indicate that
various immune and molecular pathways induced by
cigarette smoke exposure play a role in the pathogene-
sis of PLCH. In this process, co-stimulatory molecules
such as CD40, CD80, and CD86; chemokine recep-
tors like CCR7; matrix metalloproteinases including
MMP-2 and MMP-9; proinflammatory cytokines such
as IL-17 and CXCLS8; and immunoregulatory mole-
cules like CD40L have been reported to be involved in
the pathogenesis.!>!’

In recent years, genetic mutations associated with
clonal proliferation have also been identified in the
pathogenesis of PLCH in some cases. The presence
of BRAF V600E and MAP2K1 mutations has been
demonstrated in patients with LCH, and these mu-
tations have been reported to play a role in disease
pathogenesis.'®!* The BRAFV600E mutation leads to
persistent activation of the mitogen-activated protein
kinase (MAPK) signaling cascade. While this muta-
tion is frequently found in several types of cancer (es-
pecially melanoma), it is not exclusively associated
with malignancy, as it can also occur in certain benign
conditions.” In experimental models, mice harboring
the BRAFV600E mutation developed lung lesions re-
sembling those seen in PLCH when exposed to ciga-
rette smoke, whereas such lesions did not arise in mice
kept in normal air conditions. These findings support
the concept that PLCH is a myeloid neoplasm with an
accompanying inflammatory process, and that tobacco
smoke likely serves as a key environmental trigger in
the formation of the characteristic lung lesions.?!

Although the complex mechanisms in the patho-
genesis of PLCH are becoming increasingly clear, the
disease lies at the intersection of cigarette smoke-in-
duced inflammation and clonal proliferation caused by
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genetic mutations. Therefore, PLCH should be con-
sidered a multifaceted disease in which both chronic
inflammation and myeloid neoplastic processes play a
role. This understanding highlights the importance of
early smoking cessation as well as the potential use of
targeted molecular therapies.

CLINICAL MANIFESTATIONS

PLCH exhibits a variable clinical presentation rang-
ing from minimal symptoms to progressive respirato-
ry failure. Patients are frequently asymptomatic, with
the diagnosis often made incidentally based on radio-
graphic abnormalities, while those who are symptom-
atic commonly present with a persistent dry cough and
shortness of breath, and less commonly with wheezing
or hemoptysis; systemic manifestations such as fatigue,
chest pain, fever, and unintended weight loss may also
occur.'?3

Patients with PLCH have a shorter life expectan-
cy compared to the general population, and deaths are
generally associated with pulmonary complications
and respiratory failure. Continued smoking in affect-
ed individuals has been linked to a worse prognosis.?
Similarly, in a retrospective analysis by Vassallo et al.,
the severity of respiratory function impairment at diag-
nosis was found to be associated with poor prognosis.

Pneumothorax occurs in approximately 15% of pa-
tients.” It may sometimes be the initial presenting fea-
ture of the disease. Pneumothorax can be bilateral, may
recur during the disease course, and its management is
not standardized. Recurrences tend to be ipsilateral.'
Mendez et al. reported that among 102 patients with
PLCH followed in their clinic over a 23-year period
between 1976 and 1998, 16 patients (16%) developed
pneumothorax. The mean age at diagnosis was 29.4
years, and all patients were smokers. Additionally,
63% of these patients experienced multiple pneumo-
thorax recurrences. The recurrence rate of pneumotho-
rax was as high as 58% ipsilaterally when managed
with observation or chest tube without pleurodesis,
whereas there was no recurrence after surgical treat-
ment combined with pleurodesis.?® This finding sug-
gests that pleurodesis may be effective in reducing the
risk of recurrence in the management of pneumotho-
rax associated with PLCH.

Radzikowska et al., in their study evaluating data
from 90 PLCH patients followed between 2000 and
2015, reported that pneumothorax was the initial pre-
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senting symptom in 29 patients (32%). Cases pre-
senting initially with pneumothorax were found to
be younger, predominantly male, and exhibited more
pronounced respiratory function impairment. Further-
more, thoracic CT findings in these patients played a
decisive role in reaching the diagnosis of PLCH.** In
a retrospective study by Guen et al. evaluating pneu-
mothorax development in 43 PLCH patients, findings
obtained during a median follow-up period of 49.1
months showed that approximately half of the patients
experienced recurrent pneumothorax within 2 years
after the first episode, with 75% of these recurrences
being ipsilateral. It was determined that thoracic sur-
gery did not reduce the risk of pneumothorax recur-
rence. Additionally, univariate analyses identified the
presence of air trapping on pulmonary function tests
as an independent risk factor for pneumothorax recur-
rence.” These findings indicate that pneumothorax is
a common and recurrent complication in PLCH pa-
tients. Close monitoring is especially emphasized for
patients with evidence of air trapping.

Apart from the classic pulmonary involvement,
rare different pulmonary presentations of PLCH have
also been reported in the literature with case exam-
ples. Peng et al. diagnosed PLCH by biopsy performed
during bronchoscopy in a 26-year-old patient without
a history of smoking, who presented with exercise-in-
duced wheezing and hemoptysis. For the first time in
PLCH, widespread lesion distribution in the trachea
and bilateral main bronchi with varying degrees of air-
way narrowing was reported.? This finding has been
described as a new imaging feature of PLCH, charac-
terized by diffuse thickening of the tracheobronchial
walls. This case suggests that diffuse tracheobronchial
involvement without parenchymal disease may repre-
sent a rare form of PLCH.

Cammarata et al. performed a CT-guided transtho-
racic fine-needle aspiration biopsy on a solitary pul-
monary nodule measuring 19 mm detected in a heavy
smoker male patient in his 60s due to suspicion of ma-
lignancy. Histopathological examination revealed his-
tiocytic infiltration positive for CD1a and Langerhans
cell antibodies, confirming the diagnosis of pulmonary
LCH. The patient was followed without treatment and
advised to quit smoking. Although he did not com-
pletely quit, the patient reduced smoking, and during
one-year follow-up, the nodule size decreased to 14
mm.?” A solitary pulmonary nodule without cavitation
is a rare and atypical clinical presentation in PLCH.
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Pulmonary hypertension is a serious and common
complication that occurs in advanced cases (affecting
40% of all patients) and its severity correlates linearly
not with interstitial involvement but with vascular in-
volvement, which should be evaluated in every case.4

PULMONARY FUNCTION TESTS

Lung function abnormalities in PLCH are variable and
depend on both the predominant anatomical lesions
and the duration of the disease. Pulmonary function
at rest is normal in approximately 10-15% of patients.
The most common functional abnormality, present in
70-90% of patients, is a decreased diffusion capacity
for carbon monoxide (DLCO). Many patients exhibit
an obstructive pattern of impairment. Changes in the
flow-volume curve are observed in about 50% of pa-
tients, with a reduced FEV 1/FVC ratio detected in 20-
30% of newly diagnosed PLCH patients and a much
higher proportion in those with advanced diseases.
Additionally, the high prevalence of smoking among
these patients may contribute to the abnormalities ob-
served in pulmonary function tests.”

In a study by Miao et al., pulmonary function
test data of 74 PLCH patients were evaluated. Pul-
monary function was normal in 16.2% of patients,
while 83.8% exhibited ventilatory and/or diffusion
impairments. Analysis of ventilatory patterns revealed
restrictive defects in 25.7%, obstructive defects in
16.2%, and mixed ventilatory defects in 2.7% of pa-
tients. The most frequent abnormality was a decreased
diffusion capacity, observed in 81.1% of cases. They
also demonstrated that an estimated FEV1 < 55% was
associated with poorer survival.?

RADIOLOGICAL FINDINGS
Chest X-ray

The abnormalities seen on chest radiographs vary ac-
cording to the stage of the disease. The earliest change
is a bilateral reticular or reticulonodular pattern in-
volving the middle and upper lung zones.* Associated
cysts generally indicate advanced disease. PLCH typ-
ically affects the middle and upper lung zones, with
preservation of the costophrenic angles.? Lymphade-
nopathy and pleural effusions are rare.* In advanced
disease, nodular lesions are sparse or absent, and cysts
become the predominant radiographic abnormality,
sometimes mimicking an emphysematous appear-
ance.”
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High-Resolution Computed Tomography

HRCT is now crucial for detecting and characterizing
lung parenchymal changes in PLCH. It can identify
abnormalities in the lung tissue even in rare cases
where chest X-rays appear as normal. HRCT provides
more detailed information about parenchymal lesions,
such as the cavitation of nodules, which are not eas-
ily visible on standard radiographs. In PLCH, HRCT
typically shows a combination of nodules that may be
well-defined or poorly defined, along with cysts that
vary in shape, size, and wall thickness.’

The predominant HRCT pattern of PLCH changes
depending on the disease stage, showing nodular, nod-
ular-cystic, cystic, or fibrotic appearances. In the early
phase (within six months), a nodular pattern is most
commonly observed. These nodules are typically dis-
tributed in a centrilobular manner, which corresponds
to the bronchiolocentric origin of PLCH lesions. As
the disease advances, cystic lesions become more
prominent. While most cysts measure less than 1 cm,
their size can vary, and they may appear as isolated or
merged structures, occasionally resembling centrilobu-
lar emphysema. Long-term follow-up with repeated CT
scans has shown that radiologic findings progress from
nodules to cavitated nodules, then to cysts with thick
walls, and eventually to cysts with thin walls.?

Radiological findings in PLCH often include stel-
late-shaped nodules primarily located in the upper and
middle lung lobes, exhibiting a centrilobular, peribron-
chial, or peribronchiolar distribution. The lower re-
gions of the lungs are typically spared.” In advanced
stages of PLCH, small stellate scars are frequently seen
encircled by areas of emphysema. Follow-up CT scans
over time can demonstrate the progression of PLCH,
showing changes from lung nodules to a mixture of ir-
regularly shaped cysts and nodules that resemble bul-
lous emphysema.*

While PLCH is typically diagnosed based on
characteristic CT findings such as pulmonary cysts,
non-cystic nodular lesions have also been rarely re-
ported. Therefore, multiple pulmonary nodules that
spontaneously appear and regress may also represent
a form of PLCH. Supporting this notion, Manabe et al.
reported a pathologically confirmed case of such spon-
taneously regressing non-cavitating nodular lesions,
suggesting they may be a manifestation of PLCH.*

Uncommon variants of PLCH are exceedingly rare
and pose considerable difficulties in diagnosis. A range
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of unusual radiologic findings have been described,
such as solitary nodules, highly uneven radiographic
abnormalities, cystic lesions containing air-fluid levels,
localized “alveolar” consolidations, pleural effusions,
and enlargement of mediastinal lymph nodes. Ground-
glass opacities observed on high-resolution CT scans
may indicate changes similar to respiratory bronchi-
olitis-associated interstitial lung disease (RB-ILD),
which is commonly seen in the lungs of smokers.?

Pleural effusion is extremely rare, and mediasti-
nal lymphadenopathy is unusual. Pulmonary artery
enlargement has been reported in some patients. Ulti-
mately, although HRCT findings may often be suffi-
cient for diagnosis in patients with typical clinical fea-
tures, further evaluation with bronchoscopy, BAL, and/
or biopsy may be required to confirm the diagnosis in
suspicious or atypical cases.

BRONCHOSCOPY/BRONCHOALVEOLAR LAVAGE

During bronchoscopy, the bronchial tree usually looks
normal or exhibits only nonspecific inflammation as-
sociated with smoking. Biopsy samples taken from
the bronchial mucosa are generally not diagnostic for
PLCH but can be valuable in ruling out other condi-
tions, particularly in patients who present with unusual
or atypical findings.?®

In BAL fluid, total cell counts are usually elevated,
with values often exceeding 1x106 cells'mL", and there
is a marked predominance of alveolar macrophages.
This finding reflects exposure to cigarette smoke and
is strongly correlated with the level of daily cigarette
consumption. In the small minority of nonsmoking pa-
tients, alveolar cell counts may be normal. The propor-
tion of alveolar lymphocytes is normal or decreased,
and the CD4/CD8 ratio is typically reduced, as also
seen in smokers.”® In PLCH, the aim of BAL is pri-
marily to exclude infection, and the detection of more
than 5% CDla-positive and CD207-positive Langer-
hans-like cells in BAL samples is considered a signif-
icant finding that supports the diagnosis of PLCH.*%
However, in clinical practice, BAL rarely provides a
definitive diagnosis. While thoracic CT findings can
guide diagnosis in typical cases, BAL is more useful in
the differential diagnosis of patients without character-
istic radiological features.

BIOPSY

Transbronchial lung biopsy (TBLB) is the primary
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diagnostic tool used to obtain tissue samples from pa-
tients with suspected PLCH. The diagnostic yield of
TBLB varies between 17% and 50%. However, com-
pared to other cystic lung diseases such as lymphangi-
oleiomyomatosis (LAM), the diagnostic rates of TBLB
in PLCH tend to be lower. This can be attributed to sev-
eral factors, including the patchy distribution of the dis-
ease, a reduced number of active nodules in advanced
stages, the small size of biopsy specimens, difficulty in
accessing distal bronchiolar lesions via bronchoscopy,
and the potential crushing of Langerhans cells during
the procedure, which may obscure the typical patho-
logical findings. For these reasons, surgical lung biop-
sy remains the gold standard due to its high diagnostic
capacity. Transbronchial lung cryobiopsy (TBLC) has
garnered attention in the diagnosis of interstitial lung
diseases because it is less invasive than surgical lung
biopsy and provides larger tissue samples compared to
TBLB. Although TBLC may be associated with com-
plications such as bleeding or pneumothorax, it allows
for the acquisition of larger samples without crush arti-
facts and offers a less invasive alternative to open lung
biopsy.*

Biopsy samples should ideally be taken from areas
with abundant nodules as seen on HRCT. Lung biopsy
findings typically show a characteristic cluster of Lang-
erhans-like cells on histology, which stain positive for
CDl1a, CD207, and S100 proteins.*

TREATMENT

Many patients with PLCH experience spontaneous
recovery or remain clinically stable without any treat-
ment, which makes it difficult to evaluate the effec-
tiveness of various therapies. Furthermore, the low
prevalence of PLCH presents a significant challenge
in recruiting an adequate number of patients for con-
trolled therapeutic studies.?®

Management of PLCH is typically determined by
the severity and progression of the disease. In cases
where the disease is localized, especially among young-
er individuals, PLCH frequently resolves on its own.
Beyond quitting smoking, medical treatment is often
not needed. For patients with more severe or worsening
disease, therapies such as corticosteroids and/or che-
motherapy agents (including cladribine, vinblastine,
methotrexate, cyclophosphamide, and etoposide) may
be employed.3 Nonetheless, since the disease can reac-
tivate in the lungs or other organs, ongoing monitoring
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through regular follow-up is essential.!' Additionally,
smoking cessation lowers the risk of smoking-related
complications commonly seen in PLCH patients, such
as primary lung cancer, cardiovascular disease, and
progressive decline in lung function caused by chronic
obstructive pulmonary disease.?®

Systemic corticosteroid therapy has long been con-
sidered a treatment option, with reports suggesting
improvements in symptoms, imaging findings, and
pulmonary function. However, the optimal dosage and
duration of corticosteroid use remain unclear due to
a lack of robust clinical studies. Moreover, there is a
possibility that the perceived benefits may actually be
related to smoking cessation rather than the steroids
themselves. Relapse rates following treatment are also
notably high (around 80%) and extended use of sys-
temic corticosteroids carries a significant risk of serious
side effects. As a result, this form of treatment is no
longer routinely advised. In contrast, inhaled cortico-
steroids might be beneficial for patients who exhibit
reversible airway obstruction. !

In adults, (particularly in patients with isolated
PLCH) the disease exhibits various clinical courses,
and many therapeutic agents are tolerated different-
ly. Chemotherapeutic and immunomodulatory agents
are mainly recommended in multisystemic LCH and
progressive cases; however, their efficacy in isolated
PLCH remains controversial. Agents such as cladrib-
ine or cytarabine, vinblastine plus prednisone, azathi-
oprine, and cyclophosphamide have been used for this
purpose. Although most experience with these agents
comes from pediatric cases, their use has also been re-
ported in progressive PLCH cases with multisystem
involvement.!’

A retrospective analysis of 35 adult LCH patients,
including 17 with lung involvement, who received
treatment with vinblastine and corticosteroids showed
a response rate of 70%. However, during a 5-year
follow-up, the relapse rate reached 40%.3® No patient
receiving vinblastine treatment showed any improve-
ment in ventilatory function. According to Cantu et
al., vinblastine was found to be less effective com-
pared to cladribine or cytarabine in adult patients
with multifocal bone involvement, of whom 28% had
pulmonary lesions.* The impact of these treatments
on lung function measures was not addressed. More
recently, Néel et al. documented an overall response
rate of 91% in 22 adult patients with extrapulmonary
onset LCH treated with cladribine. However, disease
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progression was observed in 30% of the patients over
a 5-year follow-up period.*

In contrast to studies involving pediatric patients,
adults are more likely to develop irreversible neuro-
toxicity following prolonged vinblastine treatment
and secondary malignancies following long-term ther-
apy with etoposide or cladribine.*!

In recent years, BRAF and MAPK pathway muta-
tions have been reported to play a significant role in
the pathogenesis of LCH. As a result, targeted ther-
apies directed against these mutations have emerged.
BRAF inhibitors (vemurafenib, dabrafenib) and MEK
(MAPK kinase) inhibitors (such as trametinib) have
shown promising outcomes in cases with refractory or
disseminated disease.***

In patients with obstructive symptoms, broncho-
dilator therapy may be beneficial. Long-term oxygen
therapy is indicated in those with hypoxemia. In cas-
es with exercise intolerance, pulmonary rehabilitation
should be considered. Seasonal influenza, pneumococ-
cal, and COVID-19 vaccinations are recommended for
all patients unless contraindicated.

In patients with advanced, irreversible respiratory
failure or severe pulmonary hypertension, lung trans-
plantation should be considered. However, cessation
of smoking is an absolute prerequisite for listing. Al-
though rare, recurrence of PLCH after lung transplan-
tation has been reported.*

EXTRAPULMONARY INVOLVEMENT

The Histiocyte Society has proposed a classification
scheme dividing histiocytic disorders into three main
groups: dendritic cell histiocytosis, macrophage cell
histiocytosis, malignant histiocytosis. LCH belongs to
the dendritic cell histiocytosis group and is also clas-
sified according to the extent of organ involvement.
The acute disseminated multisystem form of LCH
(formerly known as Letterer-Siwe disease) is typi-
cally seen in children under 3 years of age and often
has a fatal course. Multifocal LCH (formerly known
as Hand-Schiiller-Christian disease) is more common
in infancy and childhood and generally has a better
prognosis. Single-system LCH is frequently observed
in young adults and usually presents with involvement
of the lungs, brain, or bones.

Isolated PLCH in adults almost always develops
in association with current or past tobacco smoking.
Pulmonary involvement can also be seen in cases with
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multisystem disease, but it is usually not the prima-
ry affected organ. However, when predominant lung
involvement is present, it is considered a poor prog-
nostic factor.®# Although pulmonary involvement in
LCH can be a component of multisystem disease, pul-
monary LCH (PLCH) in adults most often presents as
a single-system disease.*

In the study conducted by Wang et al., the ribs
were identified as the most frequently affected sites of
extrapulmonary involvement, observed in two-thirds
(66.7%) of cases, while additional sites included the
pituitary gland, skin, and thyroid. The authors also
proposed that adult PLCH could be divided into two
distinct groups, noting that patients with isolated pul-
monary involvement, typically under the age of 40,
had a significantly more favorable prognosis com-
pared to those with extrapulmonary disease, who were
generally older than 40.%

Bone represents the most frequently affected site
in LCH, with lesions that may present as solitary or
multiple within the same bone, most commonly in-
volving the skull, mandible, pelvis, ribs, clavicle, and
vertebrae. Clinically, these bone lesions can be as-
ymptomatic or may lead to localized pain, sometimes
accompanied by swelling of the surrounding soft tis-
sues.*

In a multicenter prospective cohort study conduct-
ed by Schonfeld and colleagues including 77 PLCH
patients, clinically apparent bone involvement was
detected at diagnosis in 8 patients (10%).* In a more
recent single-center series of 40 adult PLCH patients,
symptomatic bone involvement was present at diagno-
sis in 2 patients (5%), and radiographic LCH-related
bone lesions were observed in 7 patients (18%).%° Tazi
et al. have investigated bone involvement in patients
diagnosed with PLCH in a prospective multicenter
study. They found that skeletal radiographs were gen-
erally normal in asymptomatic cases, and bone scin-
tigraphy did not provide additional benefit beyond
plain radiography.*

PLCH may be associated with various endocrinop-
athies, most commonly central diabetes insipidus.®!
Central diabetes insipidus usually develops due to
inflammatory processes or neoplastic infiltration of
non-neuronal tissue rather than primary neuronal tis-
sue tumors. The clinical presentation is dominated by
polyuria and polydipsia. Thickening and involvement
of the pituitary gland can be detected by MRI and
PET-CT, aiding in diagnosis.**> Cases of central diabe-
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tes insipidus occurring before or after the diagnosis of
PLCH have been reported.>'->*

In LCH patients, cutaneous manifestations such
as eczema or seborrheic dermatitis may occur, with
the scalp being the most commonly affected area.
Skin-involved LCH lesions can be limited to the skin
alone and may resolve spontaneously or with minimal
chemotherapy.’ Rarely, skin lesions can represent the
most clinically apparent manifestation of a potentially
life-threatening multisystem disease. Cutaneous in-
volvement of LCH can be treated successfully with
spontaneous remission or short-term chemotherapy.*
Cases of skin involvement have also been reported in
patients being followed with a diagnosis of PLCH.*

One of the significant concerns in patients with
PLCH is the association with malignancies. The risk
of developing both hematologic and solid tumors has
been previously reported in patients with LCH, includ-
ing those with PLCH. However, the type and frequen-
cy of these malignancies vary depending on the extent
of LCH involvement, the studied population, and the
treatments applied (chemotherapy or radiotherapy).>*
In the series reported by Benattia et al., 7 out of 27
malignancies (30%) were of hematologic origin, and
none of these hematologic malignancies developed af-
ter the diagnosis of PLCH. The mechanisms leading to
the development of hematologic malignancies in pa-
tients with LCH, including PLCH, have not yet been
clearly elucidated.”’

PROGNOSIS

A prospective cohort study evaluating long-term out-
comes in adult patients with PLCH reported an es-
timated 10-year survival rate of 93%. In this study,
serious complications such as chronic restrictive lung
disease and pulmonary hypertension were observed in
only a minority of patients during the early stages of
the disease.> Among patients presenting with isolated
pulmonary involvement at diagnosis, extrapulmonary
organ involvement rarely developed during follow-up.
Furthermore, an increased risk of malignancy (partic-
ularly lung carcinoma) has been highlighted in patients
with PLCH.? Since the risk of malignancy is increased,
with a particularly notable predisposition to lung carci-
noma, in patients with PLCH, regular cancer screening
is recommended.

Smoking cessation is the most critical intervention
that positively impacts disease progression, with ear-
ly cessation shown to slow the course of the disease.
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In any case of suspected PLCH, physicians should ad-
dress smoking habits with the patient and offer appro-
priate support for smoking cessation.

CASE ANALYSIS

Through follow-up, the patient reported intermittent
exertional dyspnea, and a productive cough associat-
ed with perspiration, but denied hemoptysis, wheezing,
systemic symptoms, or recurrence of pneumothorax.
On his most recent examination, breath sounds were
mildly diminished bilaterally with no additional patho-
logical findings. Pulmonary function tests indicated a
mild restrictive pattern with stable diffusion capacity
(DLco: 71%). The latest chest radiogram has improved
in comparison to the time of diagnosis, with less reticu-
lations (Figure 3). High-resolution CT imaging showed
marked regression of the previously observed nodular
and cystic lesions (Figure 4).

After ten years, the patient remains clinically and
radiologically stable under combination inhaler thera-
py (budesonide-formoterol), with no evidence of func-
tional decline or radiological progression. Regular fol-
low-up is ongoing at six-month intervals.

CONCLUSION

PLCH is a unique smoking-related interstitial lung dis-
ease with heterogeneous clinical behavior. Early diag-
nosis, smoking cessation, and tailored management are
essential to improve outcomes and reduce complica-
tions such as pulmonary hypertension and respiratory
failure. Smoking cessation is an essential step in PLCH
management.

In recent years, genetic mutations affecting the
MAPK pathway, such as BRAF V600E and MAP2K1,
have been identified in the pathogenesis of PLCH.
These discoveries have led to the development of tar-
geted therapeutic approaches. BRAF inhibitors and
MEK inhibitors have emerged as promising treatment
options, particularly in refractory or advanced-stage
disease.

In the future, a better understanding of the molecu-
lar and immune pathogenesis of PLCH is expected to
facilitate the development of personalized treatment
strategies and more effective prevention of disease pro-
gression. Furthermore, the development of biomarkers
for early diagnosis and the wider adoption of multidis-
ciplinary care models may contribute significantly to
improving patients’ quality of life.
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Figure 3. Posteroanterior chest radiograph of the patient, revealing mild reticulation in both lungs.
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Figure 4. Thorax CT reveals near-complete resolution of nodules and cystic lesions after 10 years in the patient who com-
pletely quit smoking.
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HERMANSKY-PUDLAK SYNDROME
HERMANSKY-PUDLAK SENDROMU

ABSTRACT

Hermansky-Pudlak syndrome (HPS) is an autosomal recessive, multisystemic disorder characterized
primarily by oculocutaneous albinism, bleeding tendencies, and variable involvement of other organs
including lungs, colon, and immune system. Globally, HPS has an estimated prevalence between 1 in
500,000 and 1 in 1,000,000, although it is notably higher (1 in 1,800) in northwestern Puerto Rico,
particularly for the HPS-1 subtype. Research in Germany has indicated that up to 35% of individuals
with albinism may have a milder form of HPS, highlighting the potential benefit of broader screen-
ing efforts. HPS arises from mutations in 11 distinct genes responsible for proteins involved in ly-
sosome-related organelle (LRO) biogenesis, resulting in disrupted protein trafficking and impaired
organelle function. Each of the 11 HPS subtypes corresponds to specific genetic mutations but shares
overlapping clinical manifestations. Among these, HPS-1 is recognized as the most severe subtype.
Universal clinical features across all subtypes include tyrosinase-positive oculocutaneous albinism and
varying degrees of platelet dysfunction leading to bleeding complications. Certain subtypes, notably
HPS-1, HPS-2, and HPS-4, may additionally present severe complications such as pulmonary fibrosis,
granulomatous colitis, immunodeficiency, or neurodegenerative changes. Pulmonary fibrosis, particu-
larly prominent in the HPS-1 subtype, is the leading cause of mortality in these patients.

The onset of pulmonary fibrosis typically occurs in middle adulthood (30—40 years) in HPS-1 and
HPS-4, while presenting earlier in childhood or young adulthood in HPS-2. Diagnosis of pulmonary
fibrosis in HPS typically relies on high-resolution computed tomography (HRCT). Early-stage disease
commonly manifests as basal, subpleural lung changes, progressing to bilateral reticular patterns, sep-
tal thickening, and, in advanced stages, loss of lung volume, honeycombing, and traction bronchiecta-
sis. The radiological appearance of HPS-related fibrosis differs notably from idiopathic pulmonary fi-
brosis, particularly due to characteristic ground-glass opacities. The clinical diagnosis of HPS is based
on identifying skin and hair hypopigmentation, distinctive ocular findings, and electron microscopy
demonstrating absent platelet dense bodies. Genetic sequencing can confirm the diagnosis and identify
the specific subtype. Despite trials of antifibrotic treatments, lung transplantation remains the sole de-
finitive therapy for pulmonary fibrosis in HPS. Management strategies for other manifestations of the
disease depend on the specific organ involved, and routine annual evaluations are generally advised.
Emerging therapies, including gene therapy and gene editing, hold promise for future treatment.

Keywords: Hermansky-Pudlak syndrome; Albinism; Pulmonary fibrosis; Interstitial lung diseases;
Rare interstitial lung diseases

OZET

Hermansky-Pudlak sendromu (HPS), oktullokutanoz albinizm, kanama diyatezi ve bazi hastalarda pul-
moner fibrozis, graniilomatoz kolit ve/veya immin yetmezlik ile karakterize multisistemik, otozomal
resesif bir hastaliktir. HPS nin kiiresel yayginliginin 500.000°de 1 ile 1.000.000’de 1 arasinda oldu-
gu tahmin edilmektedir. Porto Riko’nun kuzeybati bolgesinde yasayanlarin 1.800°de 1’inde HPS-1
alt tipi mevcuttur. Alman albino populasyonunun %35’inin hafif HPS’ye sahip olma aday1 oldugu
gosterilmesi, daha genis taramalar ile hastaliga sahip popuilasyonun daha net ortaya konulabilecegini
gostermektedir. HPS, lizozomla iliskili organellerin (LRO’lar) biyogenezinde rol oynayan proteinleri
kodlayan 11 farkli gendeki varyantlar tarafindan olusur. Mutasyonlar protein trafigi ve organel islevi
gibi hiicresel suireclerde kusurlara yol acar. Her biri belirli bir gendeki mutasyona bagli olan, ancak
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hepsi benzer klinik 0zelliklerle sonuclanan 11 HPS alt tipi vardir. En siddetli alt tip HPS-1dir. HPS’li tim hastalarda, alt tipe bakilmaksizin,
tirozinaz pozitif okillokutanoz albinizm (OCA) ve hafiften siddetliye degisen trombosit disfonksiyonuna bagli kanama bozuklugu mevcuttur.
Alt tiplerde degisen mutasyonlara gore pulmoner fibrozis, graniilomatoz kolit, bagisiklik yetersizligi ve norodejenerasyon goriilebilir. Pulmoner
fibrozis, HPS’nin en ciddi komplikasyonlardan biridir. Bu komplikasyon, HPS hastalarinda 6nde gelen 6lim nedenidir. HPS-1, HPS-2 ve HPS-4
alt tiplerinde gozlenir. HPS-1’1i hastalarin hepsinde HPS pulmoner fibrosis (HPS-PF) gelisir. HPS-1 ve HPS-4 orta yas grubunda (30-40 yas),
HPS-2 ise cocukluk ve geng erigkinlik doneminde ortaya ¢ikar. HPS tanisi, yuiksek ¢ozunurluklu bilgisayarli tomografi (HRCT) ile konur. Erken
hastalikta, baskin olarak akcigerin alt kisimlarinda subplevral bolgeleri ve siddetli hastalikta akciger parankimini diffuz sekilde iceren bilateral
retikillasyonlar ve septal kalinlasmalar goriilebilir. Karakteristik anormallikler arasinda IPF’den farkli olarak, buzlu cam opasiteleri, interstisyel
alanlarda retikuilasyonlar ve ileri hastalikta akciger hacminin kaybi, balpetegi goruniimil ve traksiyon bronsektazisi bulunur. HPS nin indeks
vakalardaki klinik tanisi, cilt ve sacta hipopigmentasyon, karakteristik goz bulgular1 ve elektron mikroskobunda trombosit delta graniillerinin
(yogun cisimler) yoklugunun gosterilmesiyle mumkiin olur. Genetik dizileme yontemi kullanilabilir. HPS i¢in antifibrotik tedaviler denense de
akciger nakli, HPS-PF’li hastalar icin mevcut tek tedavi yontemi olmaya devam etmektedir. Tutulan organa gore tedavi modaliteleri degisiklik
gostermektedir. Genellikle yillik takipler onerilmektedir. Gen terapisi ve gen diizenleme HPS i¢in potansiyel tedavilerdir.

Anahtar Kelimeler: Hermansky-Pudlak sendromu; Albinizm; Pulmoner fibrozis; Interstisyel akciger hastaliklari; Nadir interstisyel akciger
hastaliklar

CASE PRESENTATION dioxide pressure of 27.1 mmHg, and an oxygen sat-

uration of 67.6%. Echocardiography revealed normal

A 44-year-old male patient presents to the outpatient left heart dimensions and enlarged right heart cham-

clinic with dyspnea. His mMRC score is 3-4. He has bers. No valve defect was observed. The basal wall of

hemoptysis, a cough, and sputum production. He has the right ventricle was severely hypokinetic, while the

no orthopnea, paroxysmal nocturnal dyspnea, or chest middle and apical walls were akinetic. The pulmonary

pain. He is an active smoker with a cigarette smoking artery systolic pressure was 95 mmHg

history of 45 pack-years. He works in accounting. The .

. .. Hermansky-Pudlak syndrome, and combined fi-
patient, who has albinism, was told 15 years ago at brosi d h dered in th cent
— rosis and emphysema was considered in the patient.
another center that he had bubbles in his lungs. Three phy . P ]
. . . . A hematology consultation was requested regarding
years after his first visit, the patient began to experi- L .
A . . bleeding issues. The patient was referred to for lung
ence dyspnea, which increased in the fifth year, with i
transplantation.

an mMRC score of 3-4 at that time. Seven years af-
ter his first visit, the patient was suspected of having

Histiocytosis X. The chest computer tomography (CT) INTRODUCTION

scan was reported as cystic lung disease leading to in- Hermansky-Pudlak syndrome (HPS) is a multisystem-
terstitial lung disease. Bronchoalveolar lavage fluid ic disorder with autosomal recessive inheritance char-
was obtained; abundant macrophages, few polymor- acterized by oculocutaneous albinism (OCA), bleed-
phonuclear leukocytes, and rare eosinophils were ob- ing tendencies, and additional complications that may
served. It was interpreted as benign cytology. Surgical include pulmonary fibrosis, granulomatous colitis,
biopsy was recommended to the patient, but he did not and immunodeficiency in some patients.! HPS arises
accept it. Long-term oxygen therapy was given due from variants in 11 distinct genes encoding proteins
to respiratory failure, but he does not use it regularly. involved in the biogenesis of lysosome-related organ-

Physical examination revealed albinism, clubbing, elles (LROs), resulting in defects in cellular processes
and nystagmus. Bilateral subscapular rales were pres- such as protein trafficking and organelle function. HPS
ent. On the chest X-ray, there is an increase in nodular is classified into various subtypes, each corresponding
opacity along the midclavicular line in the right lung to specific genetic mutations, yet exhibiting overlap-
middle zone, as well as bilateral, widespread intersti- ping clinical manifestations.” Among these, HPS-1
tial opacities (Figure 1). Thoracic CT images show represents the most common and typically severe
multiple bilateral cystic lesions of varying shapes on form, whereas HPS-2 and HPS-4 also demonstrate
axial sections (Figure 2). Pulmonary function tests pronounced severity. Neurological manifestations are

showed FEV1 67%, FVC 64%, FEV1/FVC 85%, and uniquely notable in the HPS-10 subtype. Patients with
DLco 19%. Arterial blood gas analysis showed a par- HPS-3 and HPS-5 through HPS-9 variants generally
tial oxygen pressure of 35 mmHg, a partial carbon present milder clinical features.?

[Ne]
(9]
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Figure 1. On the chest X-ray. Nodular opacity increases in the midclavicular line in the right lung middle zone, bilateral

widespread interstitial opacity increases.

Figure 2. Thorax CT scan images show bilaterally, multiple, vary in shape cystic lesion on axial images.

EPIDEMIOLOGY

Globally, the prevalence of HPS is estimated to be be-
tween 1 in 500,000 and 1 in 1,000,000, although ex-
act frequency remain uncertain.?2 HPS cases have been
identified across diverse ethnic groups worldwide,

including Western Europe, the Indian subcontinent,
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Japan, China, the Middle East, and among Hispanic
populations outside Puerto Rico.* The highest report-
ed prevalence is found in Puerto Rico, particularly the
northwestern region, where approximately 1 in 1,800
individuals has the HPS-1 subtype, and 1 in 21 in-
dividuals carry the founder mutation, a 16-base pair
duplication within exon 15 of the HPS1 gene.” The
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HPS-1 subtype is also predominant among non-Puerto
Rican populations, comprising approximately 25% of
cases.® In central Puerto Rico, HPS-3 affects around
1 in 4,000 individuals.” Additionally, studies suggest
that about 35% of individuals with albinism in Germa-
ny could have a mild form of HPS, underscoring the
importance of comprehensive screening for better dis-
ease characterization.® This study is highlighting the
potential benefit of broader screening efforts.

GENETICS AND PATHOGENESIS

HPS is caused by mutations in 11 different genes
responsible for encoding proteins crucial for ly-
sosome-related organelle (LRO) biogenesis.* The
proteins produced from these genes interact within
specialized multiprotein complexes known as HPS pro-
tein-associated complexes (HPACs), including Adapt-
er Protein-3 (AP-3) and three distinct Lysosome-Re-
lated Organelle Complexes (BLOC-1, BLOC-2, and
BLOC-3).>!" These HPACs mediate LRO biogenesis
by regulating the intracellular transport within the
endo-lysosomal pathway. LROs are distinct intracel-
lular compartments with lysosome-like characteris-
tics, contributing to critical cellular activities such as
storage, secretion, and immune response. Examples
of well-defined LROs include melanosomes, platelet
granules, endothelial cell-specific Weibel-Palade bod-
ies, lytic granules found in natural killer (NK) cells
and cytotoxic T lymphocytes, as well as basophilic
and azurophilic granules present in leukocytes.'>*

The diverse clinical symptoms observed in HPS,
including hypopigmentation, platelet dysfunction,
immune system impairment, and pulmonary fibrosis,
directly result from abnormalities in LRO formation
and function.'” Pulmonary fibrosis, a major complica-
tion of HPS, predominantly involves dysfunctions of
the AP-3 and BLOC-3 complexes. Mutations in HPS
genes trigger pulmonary fibrosis via several pathways,
including disruption of alveolar type II epithelial cells
(AT2), inappropriate immune responses, metabolic
abnormalities, abnormal fibroblast proliferation in
lung tissue, defective autophagy, and accelerated cel-
lular senescence.'®

CLINICAL MANIFESTATIONS

All patients with HPS, regardless of subtype, have
tyrosinase-positive OCA and bleeding disorders rang-
ing from mild to severe due to platelet dysfunction.
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OCA is characterized by hypopigmentation of hair and
skin.'® Depending on the mutations in the subtypes,
pulmonary fibrosis, granulomatous colitis, immune
deficiency, and neurodegeneration may be observed."”

Oculocutaneous Albinism

Albinism refers to a diverse set of uncommon genetic
conditions marked by disruptions in melanin produc-
tion, leading to either partial or complete absence of
pigment, reduced visual sharpness, sensitivity to light
(photophobia), and involuntary eye movements (nys-
tagmus), and it is generally classified into two broad
groups.'® Oculocutaneous albinism (OCA) is charac-
terized by diminished pigmentation in the eyes, skin,
and hair, often accompanied by misrouting of optic
nerves, underdevelopment of the fovea, nystagmus,
and vision loss. OCA can be further subdivided into
syndromic and non-syndromic types. Among the syn-
dromic forms, HPS and Chediak-Higashi syndrome
are the most prevalent ones.

The degree of pigment loss in HPS patients varies
by subtype. Those with BLOC-2 complex mutations
(such as HPS3, HPSS5, or HPS6) generally show mild-
er hypopigmentation than individuals with BLOC-3
mutations (e.g., HPS1, HPS4). Individuals with light-
er skin pigmentation are more vulnerable to ultravio-
let-induced conditions, including sunburn, solar kera-
tosis, accelerated skin aging, and various skin cancers.
In OCA, the risk of UV-triggered skin malignancies is
elevated due to limited melanin-based protection and
oxidative stress caused by eumelanin and pheomela-
nin derivatives.

The severity of visual complications, such as fove-
al hypoplasia and decreased acuity, is closely linked to
the extent of hypopigmentation.' Clinical symptoms
frequently observed include lazy eye (amblyopia),
light sensitivity, uncontrolled eye movements, stra-
bismus, and other forms of visual impairment. These
ophthalmic issues are typically more pronounced in
patients carrying BLOC-2 mutations (HPS3, HPSS, or
HPS6), owing to BLOC-2’s specific functions in ret-
inal development and maintenance as noted earlier.”

Bleeding Diathesis and Platelet Dysfunction

Platelet 6 granules store critical factors such as se-
rotonin, calcium, and Adenosine diphosphatedan
(ADP), which are released during platelet activation
to support aggregation. In individuals with HPS, the
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absence of significant reduction of these granules dis-
rupts the release of these factors, leading to impaired
platelet activation and bleeding symptoms despite
normal platelet counts.?® It often appears in infancy
and persists throughout life. Bleeding can occur with
minor trauma to the skin, tooth extraction, or dental
cleaning, and in many women with HPS, it may oc-
cur with menstrual bleeding. Frequent and recurrent
epistaxis are common.'® Due to bleeding diathesis
complications, anticoagulants and antiplatelet agents
should be avoided; desmopressin may be used to pre-
vent complications.

Colitis

In patients with HPS, granulomatous inflammation of
the intestines may occur, clinically and pathologically
like Crohn’s disease.?! The most common symptoms
of colitis associated with HPS are hematochezia, ab-
dominal pain, and loose stools; approximately 15%
of individuals may experience life-threatening gas-
trointestinal bleeding that may require surgical in-
tervention such as colectomy. Granulomatous colitis
has been identified in patients with HPS-1, HPS-4.%
Treatment may involve anti-inflammatory agents,
immunosuppressants, and anti-tumor necrosis factor
alpha drugs, like Crohn’s disease therapy. When all
other treatments have failed, surgery may be applied
as a last resort.”

Immunodeficiency, Neutropenia

Neutropenia is specific to HPS-2, but it has also been
identified in HPS-9 and HPS-10, which are subtypes
with mutations in subunits of the AP3 complex.* Neu-
tropenia is chronic, and these patients are at high risk
for recurrent viral and bacterial respiratory tract infec-
tions. Due to their neutropenia and abnormal cytotoxic
activity of natural killer T (NKT) cells, these patients
have increased susceptibility to certain malignancies,
such as Hodgkin lymphoma.?

Pulmonary Fibrosis

Pulmonary fibrosis represents one of the most severe
complications associated with HPS and is the primary
cause of mortality among affected individuals. It pre-
dominantly occurs in the HPS-1, HPS-2, and HPS-4
subtypes. Specifically, pulmonary fibrosis is inevitable
among individuals with the HPS-1 subtype, necessi-
tating annual pulmonary function monitoring starting
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from adolescence in patients with HPS-1, HPS-2, and
HPS-4.1¢

The exact mechanisms underlying pulmonary fibro-
sis development in HPS remain incompletely defined.
Nonetheless, alveolar type II epithelial cells (AT2)
have been identified as crucial components in the
pathogenesis of pulmonary fibrosis.?® Dysfunction of
lamellar bodies, which represent LROs within type II
pneumocytes that produce and store pulmonary surfac-
tants, is believed to initiate macrophage-driven inflam-
mation and fibroblast proliferation, leading ultimately
to fibrosis.'” AT2 cells in HPS demonstrate elevated
expression levels of cytokines, chemokines such as
CCL2 (also known as monocyte chemoattractant pro-
tein-1), inducible nitric oxide synthase, and galectin-3.
In animal models of HPS, excessive CCL2 production
by AT?2 cells correlates with heightened alveolar mac-
rophage infiltration, which subsequently elevates pro-
fibrotic factors like transforming growth factor-beta
(TGF-B).%2 Additionally, galectin-3 promotes fibro-
sis through various mechanisms, including epithelial
apoptosis, fibroblast proliferation, differentiation into
myofibroblasts, and macrophage polarization toward
an M2 phenotype. In HPS, galectin-3 intensifies tis-
sue injury and aberrant fibroproliferative responses by
modulating the action of chitinase-like protein 1, an-
other established mediator in lung fibrosis.?**

The clinical onset of pulmonary fibrosis varies
among HPS subtypes: symptoms typically arise be-
tween the ages of 30 and 40 in patients with HPS-1 and
HPS-4, while individuals with HPS-2 exhibit manifes-
tations during childhood or early adulthood. Thus, clin-
ical progression differs significantly from idiopathic
pulmonary fibrosis (IPF).3'*? Patients with HPS pulmo-
nary fibrosis commonly present with exertional short-
ness of breath or chronic cough. On physical examina-
tion, oculocutaneous albinism with varying degrees
of pigmentation, horizontal nystagmus, photophobia,
reduced visual acuity, and bruising due to platelet dys-
function are commonly observed. Chest examinations
often reveal coarse bilateral inspiratory crackles in low-
er lung fields, progressing over time. Severe cases may
exhibit clubbing fingers and acrocyanosis. Pulmonary
function tests (PFTs) in early, asymptomatic stages may
appear normal; however, symptomatic patients typical-
ly show reduced forced vital capacity (FVC), decreased
lung volumes indicative of a restrictive ventilatory de-
fect, and impaired diffusion capacity for carbon mon-
oxide (DLco), typical features of fibrotic lung disease.
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Serial pulmonary function testing in severely affected
individuals have demonstrated disease progression
marked by a yearly decline in FVC percent predicted
values ranging between 12% and 15%.%

Radiologically, chest X-rays in patients with ad-
vanced disease frequently display bilateral intersti-
tial infiltrates with fibrosis and pleural thickening.
High-resolution computed tomography (HRCT) re-
mains the diagnostic modality of choice, initially
demonstrating reticular patterns and subpleural septal
thickening predominantly in basal lung regions. As
fibrosis advances, findings extend diffusely into the
pulmonary parenchyma, with characteristic abnormal-
ities including ground-glass opacities, reticular inter-
stitial thickening, lung volume reduction, honeycomb
patterns, and traction bronchiectasis.* There is often
concordance between HRCT progression and deterio-
rating pulmonary function parameters.*

Bronchoscopy provides limited diagnostic value
for HPS-associated fibrosis, and lung biopsy is gen-
erally contraindicated due to heightened bleeding risk
associated with platelet dysfunction.*® Histopatholog-
ically, pulmonary fibrosis in HPS shares certain fea-
tures with IPF, such as thickening of alveolar septa
and interstitial spaces due to increased extracellular
matrix, infiltration of immune cells, fibroblast prolif-
eration, type II pneumocyte hyperplasia, fibroblastic
foci, and temporal heterogeneity.*® Unique features of
HPS include alveolar macrophages exhibiting foamy
cytoplasm filled with seroid lipofuscin granules, and
vacuolated type II pneumocytes with enlarged lamel-
lar bodies. Electron microscopy may reveal unusually
large lamellar bodies within these cells. Overall, pul-
monary fibrosis in HPS is characterized as a progres-
sive, chronic interstitial lung disease.

Clinical trial results involving placebo groups
investigating antifibrotic agents such as pirfenidone
suggest that the rate of disease progression in patients
with mild to moderate HPS pulmonary fibrosis is het-
erogeneous.35 However, survival data from severely
affected individuals (aged between 37 and 47) indicate
that survival typically does not exceed 20 months once
FVC values drop below 50% of predicted levels.* Pe-
diatric patients with HPS-2 have exhibited particularly
rapid disease progression on HRCT imaging.*

DIAGNOSIS

As in many diseases, the diagnostic work-up begins
with considering this disorder during the differential
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diagnosis. Clinical and laboratory indicators suggest-
ing suspicion of HPS guide the clinician through the
certain diagnosis.®

Clinical Characteristics

Skin and hair pigmentation is conspicuous, typically at
least one shade lighter compared to other family mem-
bers, ranging from white to light brown shades for hair
and skin. Visual abnormalities including nystagmus,
decreased iris and retinal pigmentation, significantly
reduced visual acuity, and strabismus are key findings
of physical examination.

Bleeding manifestations such as easy bruising, re-
current nosebleeds (epistaxis), gum bleeding, hemato-
chezia, prolonged menstrual bleeding, significant post-
partum hemorrhage, or extended bleeding following
dental procedures, circumcision, or surgeries are evok-
ing features for HPS diagnosis.*¥’

Laboratory findings

Impaired secondary aggregation in platelet aggregation
tests with normal test results for prothrombin time, par-
tial thromboplastin time, and platelet counts are found.
Absence of delta granules (dense bodies) within plate-
lets, confirmed through electron microscopy is support-
ing the diagnosis.®

Genetic Counseling

The family history of similar features supports HPS
suspicion. A clinical diagnosis of HPS in the proband
can be established by observing characteristic hypopig-
mentation in hair and skin, typical ocular manifesta-
tions, and absence of platelet delta granules on electron
microscopic examination.® Genetic analysis, through
targeted or next-generation sequencing, is becoming
an increasingly valuable tool to identify the responsible
mutations and confirm a diagnosis in clinically suspect-
ed cases. Identification of biallelic pathogenic variants
in AP3B1, AP3D1, BLOC1S3, BLOC1S5, BLOCI1S6,
DTNBPI1, HPS1, HPS3, HPS4, HPSS, or HPS6 genes
can definitively establish the diagnosis, particularly
when clinical presentation alone is inconclusive.®

MANAGEMENT, FOLLOW-UP AND TREATMENT

Following an initial diagnosis of HPS, a comprehen-
sive evaluation of associated bleeding disorders is
recommended, including detailed coagulation analy-
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ses such as von Willebrand factor testing and platelet
function assessments. Pulmonary fibrosis should be
evaluated with regular PFT and HRCT. Colonoscopy
may also be indicated if colitis symptoms are suspect-
ed. Genetic counseling should be provided to patients
and their families to better understand the genetic na-
ture, prognosis, and implications of HPS. Additional-
ly, white blood cell counts and assessments of neutro-
phil function should be routinely performed to screen
for immune deficiencies. Regular ophthalmologic care,
including correction of refractive errors and interven-
tions for strabismus, should be maintained, with sur-
gery as an option when required. Annual follow-ups are
essential.

Patients should take protective measures against ex-
cessive sun exposure to minimize skin damage, burns,
and reduce the risk of skin cancer. Regular dermato-
logical screening is advisable, regardless of symptom
presence, and prompt management of skin cancer is
necessary.

To manage the bleeding tendencies, it may be advis-
able for patients to use medical identification bracelets
clearly indicating the platelet dysfunction. Additional-
ly, patients are advised to avoid high-risk sports and
activities likely to cause injury or trauma and should
abstain from medications impairing platelet function,
including aspirin, anticoagulants, and non-steroidal an-
ti-inflammatory drugs (NSAIDs). Desmopressin can be
employed as prophylaxis during invasive procedures.
Platelet transfusions or red blood cell transfusions may
become necessary for managing prolonged or signifi-
cant bleeding episodes or during major surgical inter-
ventions.

For patients with colitis linked to HPS, treatment
options include topical and systemic corticosteroids,
anti-inflammatory agents, and immunomodulatory
medications, though responses can vary. Severe cases
unresponsive to conventional therapies may require an-
ti-tumor necrosis factor-alpha (anti-TNF-alpha) treat-
ments or even surgical bowel resection.?

Granulocyte colony-stimulating factor effectively
treats neutropenia, and in severe cases, hematopoietic
stem cell transplantation (HSCT) could be considered.*

For pulmonary fibrosis management, routine
vaccinations against influenza, pneumococcus, and
COVID-19 are recommended, alongside avoidance of
exposure to respiratory irritants. Regular exercise and
prompt treatment of respiratory infections or asthma ex-
acerbations are critical. Although currently there are no
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officially approved pharmacological therapies specifi-
cally for HPS-related pulmonary fibrosis, supplemen-
tal oxygen therapy is recommended for symptomatic
hypoxemic patients.*! Lung transplantation remains the
definitive therapeutic intervention, and early referral
for lung transplantation is strongly recommended for
HPS-PF patients.?

Pirfenidone and nintedanib, two FDA-approved
medications for IPF, have been evaluated in HPS-PF.
Pirfenidone, known to reduce pulmonary fibrosis via
anti-inflammatory effects mediated by NF-«B, TGF-p,
and Wnt signaling pathways, demonstrated in vitro re-
ductions in inflammatory cytokines produced by alveo-
lar macrophages from HPS-1 patients.*** A long-term
clinical trial indicated that pirfenidone treatment result-
ed in a slower annual decline (~8% per year) in pulmo-
nary function over 44 months compared to placebo.*!
However, another study involving mild to moderate
HPS-1 and HPS-4 patients showed no significant ben-
efit at 12 months, leading to early termination.** Nin-
tedanib, a tyrosine kinase inhibitor approved for IPF,
poses a potential bleeding risk that could complicate its
use in HPS-PF patients due to existing platelet abnor-
malities.*? Nevertheless, there has been a reported case
of progressive pulmonary fibrosis in an HPS patient
who was treated successfully with nintedanib prior to
undergoing lung transplantation.*

Combination therapy utilizing pirfenidone and nin-
tedanib has demonstrated synergistic antifibrotic ef-
fects through modulation of macrophage and fibroblast
signaling via the SPP1-AKT pathway.* This combina-
tion drug therapy may offer a promising avenue for the
treatment of patients with HPS-PF. Other potential mo-
lecular therapeutic targets being investigated include
thromboxane A2 receptor (TBXA2R), cannabinoid re-
ceptor type 1 (CB1R), inducible nitric oxide synthase
(iNOS), and galectin-3."

Given the genetic nature of HPS, gene therapy and
gene-editing approaches are also under investigation.
In vitro studies using lentiviral vectors have success-
fully reintroduced functional HPS1 genes into human
dermal melanocytes, restoring proper gene expression
and cellular function; however, challenges remain for
effective gene delivery to alveolar epithelial cells.*

Considering these challenges, there is an urgent
need for the development of safer and more effective
treatments to comprehensively manage HPS.
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CASE ANALYSIS

In our case, albinism and nystagmus are the most im-
portant findings that guide us. The patient first present-
ed to the hospital at the age of 37 with complaints of
dyspnea, which is consistent with the expected age
range of 30-40 years for HPS pulmonary involvement
in HPS-1 and HPS-4. The patient’s dyspnea progressed
rapidly. Although findings of pulmonary fibrosis were
observed in the HPS-PF HRCT, the presence of cys-
tic lesions in this patient may have caused difficulty
in reaching the correct diagnosis at first. The cystic le-
sions were evaluated as emphysema due to the patient’s
smoking. However, the patient’s PFT is consistent with
a restrictive pattern. Bronchoscopy is not expected to
lead to a diagnosis of the disease, and it did not help in
this case either. The patient was consulted with other
departments regarding other organ involvement and
was referred for lung transplantation, which is current-
ly the only proven treatment method. However, the pa-
tient died before undergoing transplantation.

CONCLUSION

HPS is an autosomal recessive, multisystemic disor-
der characterized primarily by oculocutaneous albi-

REFERENCES

1. Nazir HF, Al Sukaiti N, Khater D, Elbeshlawy I, Hassanein
N. Hermansky-Pudlak syndrome: The spectrum in Oman.
Journal of Pediatric Hematology/Oncology. 2023;45(3):389-
94. https://doi.org/10.1097/MPH.0000000000002552W

2. De Jesus Rojas W, Young LR. Hermansky-Pudlak Syndrome.
Semin Respir Crit Care Med. 2020;41(2):238-46. https://doi.
org/10.1055/5-0040-1708088

3. Kelil T, Shen J, O’Neill AC, Howard SA. Hermansky-pud-
lak syndrome complicated by pulmonary fibrosis: radiolog-
ic-pathologic correlation and review of pulmonary com-
plications. J Clin Imaging Sci. 2014;27(4):59. https://doi.
org/10.4103/2156-7514.143437

4. Carmona-Rivera C, Golas G, Hess RA, Cardillo ND, Mar-
tin EH, O’Brien K, Tsilou E, et al. Clinical, molecular, and
cellular features of non-Puerto Rican Hermansky-Pud-
lak syndrome patients of Hispanic descent. J Invest Der-
matol.  2011;131(12):2394-400.  https://doi.org/10.1038/
jid.2011.228

5. El-Chemaly S, Young LR. Hermansky-Pudlak Syn-
drome. Clin Chest Med. 2016;37(3):505-11. https://doi.
org/10.1016/j.ccm.2016.04.012

nism, bleeding tendencies, and variable involvement
of other organs including lungs, colon, and immune
system. Although it is most seen on the Caribbean
Island of Puerto Rico, the disease has been found in
people of many different ethnic backgrounds. Caused
by mutations in 11 different genes responsible for en-
coding proteins crucial for lysosome-related organelle
(LRO) biogenesis. All patients with HPS, regardless
of subtype, have tyrosinase-positive OCA and bleed-
ing disorders ranging from mild to severe due to plate-
let dysfunction. Pulmonary fibrosis represents one of
the most severe complications associated with HPS
and is the primary cause of mortality among affected
individuals. Clinical and laboratory indicators sug-
gesting suspicion of HPS guide the clinician through
certain diagnosis. After diagnosis, patients must be
regularly monitored for hematology, ophthalmology,
dermatology, chest diseases, neutropenia and gastro-
enterology. Treatments can be arranged according to
the affected organ. Although antifibrotic treatments
have been tried for HPS-PF, the only proven treatment
method at present is lung transplantation, and early
referral of patients is of great importance. Given the
genetic nature of HPS, gene therapy and gene-editing
approaches are also under investigation.

6. Introne WJ, Huizing M, Malicdan MCV, et al. Herman-
sky-Pudlak Syndrome. 2000 Jul 24 [Updated 2023 May 25].
In: Adam MP, Feldman J, Mirzaa GM, et al., editors. GeneR-
eviews®. Seattle (WA): University of Washington, Seattle;
1993-2025. [Internet] https://www.ncbi.nlm.nih.gov/books/
NBK1287

7. Santiago Borrero PJ, Rodriguez-Pérez Y, Renta JY, Izquierdo
NJ, Del Fierro L, Muhnoz D, et al. Genetic testing for ocu-
locutaneous albinism type 1 and 2 and Hermansky-Pudlak
syndrome type 1 and 3 mutations in Puerto Rico. J Invest
Dermatol. 2006;126(1):85-90. https://doi.org/10.1038/sj.

jid.5700034
8. Passmore LA, Kaesmann-Kellner B, Weber BH. Novel and

recurrent mutations in the tyrosinase gene and the P gene in
the German albino population. Hum Genet. 1999;105(3):200-
10. https://doi.org/10.1007/s004390051090

9. NaB J, Terglane J and Gerke V. Weibel Palade Bodies: Unique
Secretory Organelles of Endothelial Cells that Control Blood
Vessel Homeostasis. Front. Cell Dev. Biol. 2021;9:813995.
https://doi.org/10.3389/fcell.2021.813995

10. Bowman SL, Le L, Zhu Y, Harper DC, Sitaram A, Theos


https://doi.org/10.1097/MPH.0000000000002552W
https://doi.org/10.1055/s-0040-1708088
https://doi.org/10.1055/s-0040-1708088
https://doi.org/10.4103/2156-7514.143437
https://doi.org/10.4103/2156-7514.143437
https://doi.org/10.1038/jid.2011.228
https://doi.org/10.1038/jid.2011.228
https://doi.org/10.1016/j.ccm.2016.04.012
https://doi.org/10.1016/j.ccm.2016.04.012
https://www.ncbi.nlm.nih.gov/books/NBK1287
https://www.ncbi.nlm.nih.gov/books/NBK1287
https://doi.org/10.1038/sj.jid.5700034
https://doi.org/10.1038/sj.jid.5700034
https://doi.org/10.1007/s004390051090
https://doi.org/10.3389/fcell.2021.813995

Ercelik

Hermansky-Pudlak Syndrome

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

AC, et al. A BLOC-1-AP-3 super-complex sorts a cis-
SNARE complex into endosome-derived tubular transport
carriers. J Cell Biol. 2021;220(7): €202005173. https://doi.
org/10.1083/jcb.202005173

Delevoye C, Marks MS, Raposo G. Lysosome-related organ-
elles as functional adaptations of the endolysosomal system.
Curr Opin Cell Biol. 2019; 61:141. https://doi.org/10.1016/j.
ceb.2019.05.003

Banushi B, Simpson F. Overlapping Machinery in Lyso-
some-Related Organelle Trafficking: A Lesson from Rare
Multisystem Disorders. Cells. 2022;11(22):3702. https://doi.
org/10.3390/cells 11223702

Raposo G, Marks MS, Cutler DF. Lysosome-related or-
ganelles: driving post-Golgi compartments into specialisa-
tion. Curr Opin Cell Biol. 2007;19(4):394-401. https://doi.
org/10.1016/j.ceb.2007.05.001

Marks MS, Heijnen HF, Raposo G. Lysosome-related organ-
elles: unusual compartments become mainstream. Curr Opin
Cell Biol. 2013;25(4):495-505. https://doi.org/10.1016/j.
ceb.2013.04.008

Hu X, Wei Z, Wu Y, Zhao M, Zhou L, Lin Q. Pathogenesis
and Therapy of Hermansky-Pudlak Syndrome (HPS)-Asso-
ciated Pulmonary Fibrosis. IntJ Mol Sci. 2024;25(20):11270.
https://doi.org/10.3390/ijms252011270

Samuel L. Seward, William A. Gahl; Hermansky-Pud-
lak Syndrome: Health Care Throughout Life. Pediatrics.
2013;132(1):153-60. https://doi.org/10.1542/peds.2012-
4003

Li W, Hao CJ, Hao ZH, Ma J, Wang QC, Yuan YF, et al.
New insights into the pathogenesis of Hermansky-Pudlak
syndrome. Pigment Cell Melanoma Res. 2022;35(3):290-
302. https://doi.org/10.1111/pcmr.13030

Shah AS, Saeed A , Irshad M, Babar ME, Hussain T, Wajid
A, et al. Oculocutaneous Albinism in Pakistan: A Review.
J Cancer Sci Ther. 2018;10:9. https://doi.org/10.4172/1948-
5956.1000552

Fernandez A, Hayashi M, Garrido G, Montero A, Guardia
A, Suzuki T, Montoliu L. Genetics of non-syndromic and
syndromic oculocutaneous albinism in human and mouse.
Pigment Cell Melanoma Res. 2021;34(4):786-99. https://doi.
org/10.1111/pcmr.12982

Tondi F, Cirsmaru RA, Conti C, Follenzi A, Gresele P, Ol-
gasi C, Bury L. Hermansky-Pudlak Syndrome: From Mo-
lecular Pathogenesis to Targeted Therapies. [IUBMB Life.
2025;77(5):€70025. https://doi.org/10.1002/iub.70025
Salvaggio HL, Graeber KE, Clarke LE, Schlosser BJ, Orlow
SJ, Clarke JT. Mucocutaneous Granulomatous Disease in a
Patient With Hermansky-Pudlak Syndrome. JAMA Derma-
tol. 2014;150(10):1083-7. https://doi.org/10.1001/jamader-
matol.2014.147

Felipez LM, Gokhale R, Guandalini S. Hermansky-Pudlak
syndrome: severe colitis and good response to infliximab.
J Pediatr Gastroenterol Nutr. 2010;51(5):665-7. https://doi.
org/10.1097/MPG.0b013e3181d2dcbb

W

S}

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Dotta L, Parolini S, Prandini A, Tabellini G, Antolini M,
Kingsmore SF, Badolato R. Clinical, laboratory and mo-
lecular signs of immunodeficiency in patients with partial
oculo-cutaneous albinism. Orphanet J Rare Dis. 2013;8:168.
https://doi.org/10.1186/1750-1172-8-168

Lorenzi L, Tabellini G, Vermi W, Moratto D, Porta F, Nota-
rangelo LD, et al. Occurrence of nodular lymphocyte-pre-
dominant hodgkin lymphoma in hermansky-pudlak type 2
syndrome is associated to natural killer and natural killer
T cell defects. PLoS One. 2013;8(11):e80131. https://doi.
org/10.1371/journal.pone.0080131

Young LR, Gulleman PM, Short CW, Tanjore H, Sherrill
T, Qi A, et al. Epithelial-macrophage interactions deter-
mine pulmonary fibrosis susceptibility in Hermansky-Pud-
lak syndrome. JCI Insight. 2016;1(17):e88947. https://doi.
org/10.1172/jci.insight.88947

Atochina-Vasserman EN, Bates SR, Zhang P, Abramo-
va H, Zhang Z, Gonzales L, et al. Early alveolar epitheli-
al dysfunction promotes lung inflammation in a mouse
model of Hermansky-Pudlak syndrome. Am J Respir Crit
Care Med. 2011;184(4):449-58. https://doi.org/10.1164/rc-
cm.201011-18820C

Cullinane AR, Yeager C, Dorward H, Carmona-Rivera C,
Wu HP, Moss J, et al. Dysregulation of galectin-3. Implica-
tions for Hermansky-Pudlak syndrome pulmonary fibrosis.
Am J Respir Cell Mol Biol. 2014;50(3):605-13. https://doi.
org/10.1165/rcmb.2013-00250C

Zhou Y, He CH, Yang DS, Nguyen T, Cao Y, Kamle S, et al.
Galectin-3 Interacts with the CHI3L1 Axis and Contributes
to Hermansky-Pudlak Syndrome Lung Disease. J Immu-
nol. 2018;200(6):2140-53. https://doi.org/10.4049/jimmu-
nol.1701442

Zhou Y, He CH, Herzog EL, Peng X, Lee CM, Nguyen
TH, et al. Chitinase 3-like-1 and its receptors in Herman-
sky-Pudlak syndrome-associated lung disease. J Clin Invest.
2015;125(8):3178-92. https://doi.org/10.1172/JCI179792
Vicary GW, Vergne Y, Santiago-Cornier A, Young LR,
Roman J. Pulmonary Fibrosis in Hermansky-Pudlak Syn-
drome. Ann Am Thorac Soc. 2017;14(1):152. https://doi.
org/10.1513/AnnalsATS.201603-186FR

Hengst M, Naehrlich L, Mahavadi P, et al. Hermansky-Pud-
lak syndrome type 2 manifests with fibrosing lung disease
early in childhood. Orphanet J Rare Dis. 2018;13:42. https://
doi.org/10.1186/s13023-018-0780-z

O’Brien K, Troendle J, Gochuico BR, Markello TC, Salas
J, Cardona H, et al. Pirfenidone for the treatment of Her-
mansky-Pudlak syndrome pulmonary fibrosis. Mol Gen-
et Metab. 2011;103(2):128-34. https://doi.org/10.1016/j.
ymgme.2011.02.003

Avila NA, Brantly M, Premkumar A, Huizing M, Dwyer A,
Gahl WA. Hermansky-Pudlak syndrome: radiography and
CT of the chest compared with pulmonary function tests and
genetic studies. AJR Am J Roentgenol. 2002;179(4):887-92.
https://doi.org/10.2214/ajr.179.4.1790887

Brantly M, Avila NA, Shotelersuk V, Lucero C, Huizing
M, Gahl WA. Pulmonary function and high-resolution CT


https://doi.org/10.1083/jcb.202005173
https://doi.org/10.1083/jcb.202005173
https://doi.org/10.1016/j.ceb.2019.05.003
https://doi.org/10.1016/j.ceb.2019.05.003
https://doi.org/10.3390/cells11223702
https://doi.org/10.3390/cells11223702
https://doi.org/10.1016/j.ceb.2007.05.001
https://doi.org/10.1016/j.ceb.2007.05.001
https://doi.org/10.1016/j.ceb.2013.04.008
https://doi.org/10.1016/j.ceb.2013.04.008
https://doi.org/10.3390/ijms252011270
https://doi.org/10.1542/peds.2012-4003
https://doi.org/10.1542/peds.2012-4003
https://doi.org/10.1111/pcmr.13030
https://doi.org/10.4172/1948-5956.1000552
https://doi.org/10.4172/1948-5956.1000552
https://doi.org/10.1111/pcmr.12982
https://doi.org/10.1111/pcmr.12982
https://doi.org/10.1002/iub.70025
https://doi.org/10.1001/jamadermatol.2014.147
https://doi.org/10.1001/jamadermatol.2014.147
https://doi.org/10.1097/MPG.0b013e3181d2dcbb
https://doi.org/10.1097/MPG.0b013e3181d2dcbb
https://doi.org/10.1186/1750-1172-8-168
https://doi.org/10.1371/journal.pone.0080131
https://doi.org/10.1371/journal.pone.0080131
https://doi.org/10.1172/jci.insight.88947
https://doi.org/10.1172/jci.insight.88947
https://doi.org/10.1164/rccm.201011-1882OC
https://doi.org/10.1164/rccm.201011-1882OC
https://doi.org/10.1165/rcmb.2013-0025OC
https://doi.org/10.1165/rcmb.2013-0025OC
https://doi.org/10.4049/jimmunol.1701442
https://doi.org/10.4049/jimmunol.1701442
https://doi.org/10.1172/JCI79792
https://doi.org/10.1513/AnnalsATS.201603-186FR
https://doi.org/10.1513/AnnalsATS.201603-186FR
https://doi.org/10.1186/s13023-018-0780-z
https://doi.org/10.1186/s13023-018-0780-z
https://doi.org/10.1016/j.ymgme.2011.02.003
https://doi.org/10.1016/j.ymgme.2011.02.003
https://doi.org/10.2214/ajr.179.4.1790887

Ercelik

Hermansky-Pudlak Syndrome

35.

36.

37.

38.

39.

40.

findings in patients with an inherited form of pulmonary
fibrosis, Hermansky-Pudlak syndrome, due to mutations in
HPS-1. Chest. 2000;117(1):129-36. https://doi.org/10.1378/
chest.117.1.129

Sugino K, Gocho K, Kikuchi N, Shibuya K, Uekusa T,
Homma S. Acute exacerbation of combined pulmonary fi-
brosis and emphysema associated with Hermansky-Pud-
lak syndrome. Respirol Case Rep. 2015;4(1):13-5. PMID:
26839694. https://doi.org/10.1002/rcr2.141

Huizing M, Malicdan MCV, Wang JA, Pri-Chen H, Hess RA,
Fischer R, et al. Hermansky-Pudlak syndrome: Mutation up-
date. Hum Mutat. 2020;41(3):543-580. PMID: 31898847.
https://doi.org/10.1002/humu.23968

O’Brien KJ, Parisi X, Shelman NR, Merideth MA, Introne
WIJ, Heller T, et al. Inflammatory bowel disease in Herman-
sky—Pudlak syndrome: a retrospective single-centre cohort
study (Original article). J Intern Med. 2021;290:129-140.
https://doi.org/10.1111/joim.13224

El-Chemaly S, Cheung F, Kotliarov Y, O’Brien KJ, Gahl
‘WA, Chen J, et al. The Immunome in Two Inherited Forms
of Pulmonary Fibrosis. Front Immunol. 2018;9:76. PMID:
29445374. https://doi.org/10.3389/fimmu.2018.00076

Lv Q, Wang J, Xu C, Huang X, Ruan Z, Dai Y. Pirfenidone
alleviates pulmonary fibrosis in vitro and in vivo through
regulating  Wnt/GSK-3p/B-catenin and TGF-1/Smad2/3
signaling pathways. Mol Med. 2020;26(1):49. https://doi.
org/10.1186/s10020-020-00173-3

Rouhani FN, Brantly ML, Markello TC, Helip-Wooley A,
O’Brien K, Hess R, et al. Alveolar macrophage dysregula-

W

(O8]

41.

42.

43.

44,

45.

tion in Hermansky-Pudlak syndrome type 1. Am J Respir
Crit Care Med. 2009;180(11):1114-21. PMID: 19729668.
https://doi.org/10.1164/rccm.200901-00230C

Gahl WA, Brantly M, Troendle J, Avila NA, Padua A,
Montalvo C, et al. Effect of pirfenidone on the pulmonary
fibrosis of Hermansky-Pudlak syndrome. Mol Genet Me-
tab. 2002;76(3):234-42. PMID: 12126938. https://doi.
org/10.1016/51096-7192(02)00044-6

Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK,
Costabel U, et al. Efficacy and safety of nintedanib in idio-
pathic pulmonary fibrosis. N Engl J Med. 2014;370(22):2071-
82. https://doi.org/10.1056/NEJMoa1402584

Itoh T, Kawasaki T, Kaiho T, Shikano K, Naito A, Abe M,
Suzuki H, et al. Long-term nintedanib treatment for progres-
sive pulmonary fibrosis associated with Hermansky-Pudlak
syndrome type 1 followed by lung transplantation. Respir
Investig. 2024;62(1):176-178. PMID: 38154291. https://doi.
org/10.1016/j.resinv.2023.12.007

Meng C, Fan G, Liu J, Tao N, Sun T. Pirfenidone and nin-
tedanib exert additive antifibrotic effects by the SPP1-AKT
pathway in macrophages and fibroblasts. Biochem Biophys
Res Commun. 2024;716: 150020. PMID: 38692011. https://
doi.org/10.1016/j.bbrc.2024.150020

Ikawa Y, Hess R, Dorward H, Cullinane AR, Huizing M,
Gochuico BR, et al. In vitro functional correction of Her-
mansky-Pudlak Syndrome type-1 by lentiviral-mediated
gene transfer. Mol Genet Metab. 2015;114(1):62-5. PMID:
25468649. https://doi.org/10.1016/j.ymgme.2014.11.006


https://doi.org/10.1378/chest.117.1.129
https://doi.org/10.1378/chest.117.1.129
https://doi.org/10.1002/rcr2.141
https://doi.org/10.1002/humu.23968
https://doi.org/10.1111/joim.13224
https://doi.org/10.3389/fimmu.2018.00076
https://doi.org/10.1186/s10020-020-00173-3
https://doi.org/10.1186/s10020-020-00173-3
https://doi.org/10.1164/rccm.200901-0023OC
https://doi.org/10.1016/s1096-7192(02)00044-6
https://doi.org/10.1016/s1096-7192(02)00044-6
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1016/j.resinv.2023.12.007
https://doi.org/10.1016/j.resinv.2023.12.007
https://doi.org/10.1016/j.bbrc.2024.150020
https://doi.org/10.1016/j.bbrc.2024.150020
https://doi.org/10.1016/j.ymgme.2014.11.006




S
| o |
o=
LiJ
[—
.
=
==
(b )

FAMILIAL INTERSTITIAL PNEUMONIAS
(SP-C/TELOMERE SHORTENING/ABCA3)

AILEVI INTERSTISYEL PNOMONILER
(SP-C/TELOMER KISALMASI/ABCA3)

Assist. Prof. Dr. Demet Polat Yulud
Prof. Dr. Eylem Sercan Ozgiir



Demet Polat Yulug'
Eylem Sercan Ozgiir*

!Mersin University, Faculty of
Medicine, Department of Chest
Diseases, Mersin, Tiirkiye
drdemetyulug@gmail.com

Orcid ID: 0000-0002-8122-4457

Mersin University, Faculty of
Medicine, Department of Chest
Diseases, Mersin, Tarkiye
eylemozgur@yahoo.com

Orcid ID: 0000-0003-4459-232X

For Citation:

Polat Yulug D, Sercan Ozgur E. Familial
Interstitial Pneumonias (SP-C/Telomere

Shortening/ABCA3). In: Altinisik G,
McCormack FX, editors. Adopting
Orphan Diseases: Rare Interstitial

Lung Diseases. 1* ed. Ankara: Turkiye

Klinikleri; 2025. p.135-145.

FAMILIAL INTERSTITIAL PNEUMONIAS
(SP-C/TELOMERE SHORTENING/ABCA3)

AILEVI INTERSTISYEL PNOMONILER
(SP-C/TELOMER KISALMASI/ABCA3)

ABSTRACT

Familial interstitial pneumonia (FIP) represents one of the most intriguing frontiers in interstitial lung
disease, lying at the intersection of clinical heterogeneity, genetic complexity, and therapeutic uncer-
tainty. While idiopathic pulmonary fibrosis (IPF) remains the prototypical phenotype, patients with
FIP often defy textbook definitions: presenting earlier, progressing faster, and exhibiting unexpected
extrapulmonary manifestations such as macrocytosis or hepatic dysfunction.

Over the past two decades, a paradigm shift has occurred: from recognizing FIP as a clinical curiosity
to understanding it as a genetically driven disorder rooted in mutations affecting surfactant homeosta-
sis (e.g., SFTPC, SFTPAI/2, ABCA3) and telomere maintenance (e.g., TERT, TERC, RTEL1, PARN).
These mutations not only alter epithelial cell integrity and regenerative capacity but also introduce
critical questions about heritability, disease anticipation, and systemic involvement. Remarkably, in
many families, these mutations reveal themselves not only through pulmonary fibrosis but through
hematologic abnormalities, cryptogenic liver disease, and premature hair graying.

With the advent of accessible genetic sequencing and telomere length assays, FIP has become a di-
agnostically actionable entity. However, these developments have raised many questions: How fre-
quently should an asymptomatic individual carrying a telomere mutation be monitored? Can standard
immunosuppressive regimens be safely administered in patients with short telomeres? Should lung
transplantation protocols be fundamentally restructured for this group?

Therapeutic decisions are no longer solely based on radiologic patterns or lung function decline. In-
stead, they must account for the molecular architecture of the disease. Emerging data suggest that
antifibrotic therapies remain effective in patients with telomerase mutations, offering hope where tra-
ditional immunosuppression may increase harm. Additionally, lung transplantation, often considered
the last resort, requires a nuanced approach in FIP due to heightened risk of complications in telomere
syndromes.

In the future, the integration of genetic and clinical data may enable the development of a more predict-
able, safe, and effective monitoring-treatment model for both patients and asymptomatic individuals
at risk. This chapter explores the evolving landscape of FIP, with a focus on gene-specific phenotypes,
risk stratification strategies, and the expanding role of precision medicine.

Keywords: Familial interstitial pneumonia; Surfactant protein mutations; Telomere shortening;
Interstitial lung disease; Rare interstitial lung diseases; Monogenic fibrosis

OZET

Ailesel intersitisyel pnomoni (AIP), interstisyel akciger hastaliklarinin en karmagik ve dikkat cekici
alt gruplarindan birini olusturur. Klinik varyasyonlari, genetik cesitliligi ve tedaviye verdigi degis-
ken yanitlarla, klasik intersitisyel akciger hastaligi tanimlarinin otesine gecen bir tablo sunar. Olagan
interstisyel pnomoni fenotipi bu hastalarda sik gorulse de erken yasta baslangig, hizli progresyon ve
hematolojik ya da hepatik sistemleri igeren ekstratorasik bulgular AIP’nin, idyopatik pulmoner fibro-
zisten (IPF) ayirt edici 0zelliklerindendir.

Son yillarda surfaktan metabolizmasindan sorumlu genlerde (SFTPC, SFTPA1/2, ABCA3) ve telo-
mer biyolojisiyle iliskili genlerde (TERT, TERC, RTEL1, PARN) tanimlanan mutasyonlar, AIP’nin
molekiller mekanizmalarini aydinlatmigtir. SP-C mutasyonlar: surfaktan protein yapisinda bozulmaya

136



Polat Yulug, Sercan Ozgiir Familial Interstitial Pneumonias (SP-C/Telomere Shortening/ABCA3)

ve alveoler epitel butunlugunin zayiflamasina yol acarken; ABCA3 gen defektleri 0zellikle ¢ocukluk ¢caginda agir ve hizli ilerleyen tablolarla
iligkilidir. Telomer kisalmasi ise hiicresel yaglanmay1 hizlandirarak fibrozis gelisimine zemin hazirlar ve hematolojik ya da hepatik sistem tutu-
lumuyla seyreden genis bir klinik spektrum ortaya ¢ikarir.

Klinik olarak hastalar asemptomatik bireylerden hizli progresyon gosteren agir fibrotik olgulara kadar degisen bir yelpazede karsimiza cikar.
Cocukluk ¢aginda baglayan vakalar ¢cogunlukla surfaktan protein mutasyonlart ile iligkilendirilirken, erigkin yasta gorulen olgular daha cok
telomer biyolojisi bozukluklariyla baglantilidir. Erken sa¢ beyazlamasi, trombositopeni, makrositoz ya da kriptogenik siroz gibi akciger disi
bulgular genetik temeli diisiinduren ipuglaridir.

Tanida aile oykusu, genetik analizler, telomer uzunlugu ol¢umleri, yuksek ¢ozunurlukla BT bulgulart ve gerektiginde histopatolojik incele-
me birbirini tamamlayici sekilde kullanilmaktadir. Tedavide spesifik mutasyonlara yonelik kiratif yaklagimlar henuiz gelistirilmemis olsa da
antifibrotik ajanlar (pirfenidon, nintedanib) telomer iligkili olgularda dahi etkinlik gostermektedir. Buna kargin immunsuipresif tedaviler kisa
telomerli hastalarda ciddi komplikasyon riski tagimaktadir. Ileri evrede akciger transplantasyonu onemli bir segenektir; ancak bu hastalarda
immiunstpresyonun yeniden yapilandirilmasi gereklidir.

Genetik analiz ve telomer uzunlugu 6l¢imuniin rutin pratige entegre olmasi, AIP nin yalnizca tanimlanabilir degil, ayn1 zamanda yonetilebilir
bir hastalik haline gelmesini saglamistir. Ancak bu gelismeler beraberinde pek cok soruyu da getirmistir: Telomer mutasyonu tagiyan asempto-
matik bir birey ne siklikla izlenmelidir? Kisa telomerli hastalarda immunsupresif tedavi giivenli midir? Akciger nakli sonrasi immiinosupresyon
semast bu grup i¢in yeniden mi yapilandirilmali midir?

Sonug olarak AIP, heterojen yapisi, genetik temeli ve sistemik bulgulartyla kisisellestirilmis izlem ve tedavi yaklagimi gerektiren kompleks
bir hastalik grubudur. Gelecekte genetik verilerin rutin pratige entegrasyonu ile erken tani olanaklarinin artacagi ve hedefe yonelik tedavilerin
gelistirilecegi ongorulmektedir.

Bu bolumde, AIP’nin giincel genetik-molekiller altyapisi, gen-spesifik klinik ozellikleri ve bireysellestirilmis yonetim yaklagimlar1 detayli
sekilde ele alinmustir.

Anahtar Kelimeler: Ailesel interstisyel pnomoni; Surfaktan protein mutasyonu; Telomer kisalmasi; Intersitisyel akciger hastaligi; Nadir
interstisyel akciger hastaligi; Monogenik fibrozis

tient also reported diffuse body hair loss and prema-

CASE PRESENTATION

A 36-year-old married male, working as a restaurant

ture graying of hair since childhood. Pulmonary func-
tion tests (PFTs) demonstrated a restrictive pattern
(Forced Vital Capacity (FVC) 63%, Forced Expirato-
ry Volume in 1 second (FEV ) 66%) with a severely
reduced Diffusing Capacity of the Lung for Carbon

owner, presented with progressive exertional dyspnea,
fatigue, intermittent low-grade fever, and nocturnal
burning and numbness in the lower extremities for
over one year. The patient had no history of smoking

o Monoxide (DLco) of 44%. High-resolution comput-
or alcohol use. The family history revealed that the

ed tomography (HRCT) imaging revealed lower-lobe

patient’s mother died at the age of 65 due to interstitial . . . . .
predominant irregular reticulations and mosaic atten-

lung disease (ILD). His medical history was notable uation, suggesting fibrotic ILD (Figure 1. Broncho-

for recurrent nephrolithiasis for more than 15 years .
alveolar lavage showed macrophage predominance
(86%) with a low CD4/CDS ratio (0.39). Bone mar-

row biopsy demonstrated hypocellularity. Laboratory

and thrombocytopenia first detected in 2008. In late
2018, he was diagnosed with pulmonary embolism
following complaints of shortness of breath and he-

. . . ) testing revealed persistent thrombocytopenia (35.000/
moptysis, and received low-molecular-weight heparin

3) and elevated INR. Abdominal i i d up-
treatment. A thoracic computed tomography (CT) scan mm’) and elevate Omina’ IMAaging anc up

performed the same year revealed bilateral nodular
infiltrates and ground-glass opacities, interpreted as

per GI endoscopy showed signs of liver cirrhosis and
portal hypertension, including esophageal varices and

. S ascites.
pneumonia, and he was treated with intravenous an-

tibiotics. Due to recurrent and persistent symptoms,

the patient was referred to a tertiary center for further
evaluation with a presumptive diagnosis of ILD.

On physical examination, bibasilar fine crackles,
digital clubbing, palmar erythema, and poikiloderma-
tous skin changes were noted. The skin showed scat-
tered hypopigmented, erythematous, scaly plaques,
and hyperkeratosis was present on toe-nails. The pa-

INTRODUCTION

Interstitial lung diseases (ILD) are a heterogeneous
group of disorders characterized by abnormal inflam-
matory responses and tissue remodeling that affect
the alveolar walls and interstitial compartments of the
lung. This process may lead to fibrosis, resulting in
impaired gas exchange, progressive loss of pulmo-
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Figure 1. A thoracic computed tomography (CT) scan revealed bilateral nodular infiltrates and ground-glass opacities.

nary function, and, in some cases, irreversible lung
damage.' Although the precise pathobiological mech-
anisms remain largely unclear, both environmental
exposures and genetic susceptibility are believed
to contribute significantly to disease development.
While sporadic forms of interstitial pneumonia are
more common, familial clustering has been increas-
ingly recognized. For instance, the risk of pulmonary
fibrosis is reported to be approximately ten fold higher
among first-degree relatives of individuals diagnosed
with idiopathic pulmonary fibrosis (IPF).2

Familial interstitial pneumonia (FIP) is defined
as a condition in which at least two members of the
same family have ILD, typically characterized by fi-
brotic changes. Although the phenomenon was first
described over a century ago, it was not until the
1950s and 1960s that clinicians began to suspect a
distinct, genetically driven subtype of fibrotic lung
disease.’* Recent advancements in genetic research
have identified numerous risk variants associated
with various pathogenic pathways, whose effects are
particularly pronounced in hereditary forms of ILD.
The study of ILD in familial contexts uncovered mu-
tations affecting both telomere biology and surfactant
metabolism.>® These findings revealed that the clin-
ical spectrum extended beyond IPF to include other
progressive interstitial lung diseases such as non-spe-
cific interstitial pneumonia (NSIP), hypersensitivity
pneumonitis (HSP), and ILD associated with rheu-
matoid arthritis.®® Moreover, variants in TRGs and
SRGs have been linked to diverse clinical parameters,
including timing of symptom emergence, sex, pulmo-
nary phenotype, extrapulmonary manifestations, and

overall survival. The identification of a specific gene
variant (e.g., in telomere-related genes (TRGs) or sur-
factant-related genes (SRGs)) segregating with ILD
within a family provides strong evidence for a mono-
genic etiology of the disease.?

As public awareness of hereditary disorders in-
creases and scientific literature continues to expand,
genetic sequencing has begun to take a place in rou-
tine clinical care for patients with pulmonary fibrosis,
with the potential to significantly impact disease man-
agement. Although numerous monogenic conditions
have been linked to ILD, the scope of this chapter is
limited to TRGs and SRGs, the most frequently im-
plicated gene groups in FIP. Other rare diseases, such
as Hermansky-Pudlak syndrome, pulmonary alveolar
proteinosis, and pulmonary alveolar microlithiasis,
present with distinct clinical features and are ad-
dressed separately in other chapters of the book.

EPIDEMIOLOGY

Accurately estimating the prevalence of FIP remains
difficult. While IPF affects approximately 13.4-18.5
per 100,000 individuals, FIP is estimated at only 1.3-
5.9 per million.>!® However, observational studies
suggest that FIP may account for up to 20% of pul-
monary fibrosis cases, likely due to underreporting

or limited family history data.!'"?

Recent screening
studies have revealed subclinical interstitial lung ab-
normalities in 15-31% of asymptomatic relatives of
affected individuals.'*'7 Notably, such abnormalities
were found even among relatives of patients with ap-

parently sporadic disease.'® These findings highlight
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the potential underestimation of FIP prevalence and
emphasize family history as a key risk factor. Familial
interstitial pneumonia (FIP) encompasses a range of
ILD subtypes, most commonly idiopathic pulmonary
fibrosis, which accounts for approximately 50% of
cases. Other forms include ILD associated with con-
nective tissue diseases and chronic hypersensitivity
pneumonitis. This clinical heterogeneity reflects the
influence of underlying genetic predisposition.®

GENETIC AND MOLECULAR MECHANISMS

FIP represents a complex interplay between genetic
predisposition and molecular dysregulation within
lung tissue. Over the past two decades, significant ad-
vances in genomic profiling have identified key gene
variants that contribute to disease susceptibility and
progression. These genetic alterations fall broadly into
two categories: surfactant protein homeostasis and
telomere maintenance.’

Variants in surfactant-related genes, most notably
SFTPC, SFTPAI1/2, and ABCA3, confer susceptibili-
ty through mechanisms involving protein misfolding,
impaired intracellular trafficking, and endoplasmic
reticulum (ER) stress.'* For instance, the SFTPC
I73T missense mutation alters proSP-C processing
and induces proteotoxicity, while BRICHOS domain
mutations exacerbate ER stress and activate the un-
folded protein response.?’ Biallelic loss-of-function
mutations in ABCA3 disrupt lamellar body formation
and surfactant transport, resulting in alveolar epitheli-
al cell injury.”

Concurrently, telomere biology disorders aris-
ing from mutations in TERT, TERC, RTEL1, PARN,
NAF]1, and related genes impair telomerase activity or
telomere structure, leading to replicative senescence,
genomic instability, and diminished regenerative ca-
pacity of alveolar epithelial type II cells.”? These de-
fects promote aberrant wound healing, fibrotic remod-
eling, and progressive decline in pulmonary function.

At the cellular level, both surfactant-related and
telomere-related variants converge on critical patho-
genic processes, including epithelial dysfunction, im-
paired alveolar repair, and dysregulated immune sig-
naling. Furthermore, the penetrance and expressivity
of these mutations are modulated by environmental
exposures and additional genetic modifiers, contribut-
ing to interindividual variability in age of onset, dis-
ease severity, and extrapulmonary manifestations.?
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Elucidation of these mechanisms not only facili-
tates more accurate risk stratification and early detec-
tion in at-risk individuals but also provides a rationale
for emerging targeted therapies. In particular, the
integration of comprehensive genomic analysis into
clinical evaluation may inform prognostication and
therapeutic decision-making in FIP, including consid-
eration for antifibrotic therapy, and lung transplanta-
tion timing.

CLINICAL MANIFESTATIONS

Individuals affected by familial forms of pulmonary
fibrosis often exhibit similar clinical symptoms, im-
aging characteristics, and histopathological patterns
as seen in sporadic fibrotic ILDs. Nonetheless, FIP
patients are typically diagnosed at a younger age and
tend to experience a more aggressive disease course,
often progressing to a fibrosing ILD phenotype asso-
ciated with reduced survival.?®

Hematologic abnormalities are commonly ob-
served in FIP patients. Anemia, macrocytosis, and
thrombocytopenia are notable findings, especially in
those carrying mutations in TRGs.”’ Some patients
may also develop myelodysplasia or acute leukemia,
which are indicative of underlying genetic mutations.?®

Liver involvement in FIP can manifest as elevated
liver enzymes, cryptogenic cirrhosis, or hepato-pul-
monary syndrome. These hepatic phenotypes may be
linked to genetic variants and should be considered
during clinical evaluation.”” Certain cutaneous and
hair-related signs, such as early-onset hair greying,
may also be present and serve as clues to genetic pre-
disposition.””* Moreover, short telomere syndrome
associated with FIP can present with systemic fea-
tures, including compromised immune function, vi-
sion-related complications affecting the retina, and
various neurological impairments.*

A significant proportion of individuals harboring
mutations in telomere-related genes receive an ILD
diagnosis around the average age of 58, which fre-
quently prompts evaluation for lung transplantation
as a treatment option.*® Separate clinical studies have
identified rare mutations in telomere-related genes in
a notable proportion of IPF patients evaluated for lung
transplantation, with reported prevalence rates reach-
ing up to nearly one-quarter of cases.’’*? Assessing
the necessity of telomere length analysis and genet-
ic testing in all individuals with fibrosing interstitial
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lung diseases has become an area of growing clinical
interest, especially before considering them for lung
replacement procedures. While patients with famil-
ial pulmonary fibrosis remain eligible for transplant,
coexisting short telomere syndromes may require tai-
lored adjustments in immunosuppressive treatment
strategies.®

Clinical course and prognosis vary according to
the patient’s genetic background, but progressive fi-
brosis and treatment resistance are common features.
Therefore, early diagnosis and a multidisciplinary
management approach are crucial for optimizing pa-
tient outcomes.

GENETIC TESTING AND COUNSELING

In families affected by FIP, genetic testing has become
an increasingly valuable tool for identifying individ-
uals at risk, especially in the presence of a confirmed
monogenic cause. Given that FIP is most commonly

Family member with
known pathogenic or
likely pathogenic ILD
variant

First-or second- degree
relative ILD

inherited in an autosomal dominant manner, first-de-
gree relatives of affected individuals have a substantial
risk (approximately 50%) of inheriting a pathogenic
variant. Therefore, once a (likely) pathogenic muta-
tion is identified in an affected individual, cascade
genetic testing in asymptomatic first-degree relatives
can be considered.* The current recommendations for
which individuals should be offered genetic sequenc-
ing and clinical genetic counselling are summarized
in the Figure 2.2 However, the decision to undergo ge-
netic testing should be made carefully and with full
understanding of the potential medical, psychologi-
cal, and social implications. For this reason, genetic
counseling is a critical part of the process. Counseling
sessions provide an opportunity to discuss the inheri-
tance patterns, the significance of test results, the pos-
sibility of disease anticipation in TRG mutations, and
the potential impact of findings on insurance, family
planning, and emotional well-being.’** It is general-
ly recommended that predictive genetic testing in as-

ILD diagnosed before

Patient or relatives
age 50

with ILD PLUS at least
one of:
* Hematologic
abnormalities*
* Hepatic
abnormalities**
* Premature hair greying
(before 30)
¢ Confirmed telomere
biology disorder

Offer genetic testing and counselling

Figure 2. Algorithm for offering genetic sequencing and clinical genetic counseling in patients with ILD.?
*Hematological abnormalities: macrocytosis, neutropenia, lymphoneia, thrombocytopenia, myelodysplasia, acute leukaemia.

**Hepatic abnormalities: cryptogenic elevated liver anzymes, portal hypertension, hepato-pulmonary syndrome, liver cirrhosis.
D! yptog y 4 yp pato-p. Yy sy

ILD: Interstitial lung disease.
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ymptomatic individuals be deferred until they are of
legal age and capable of making informed decisions,
typically over 18 years of age. Additionally, national
laws and healthcare policies may influence the acces-
sibility and coverage of genetic testing, especially in
individuals without clinical symptoms.?

While pathogenic variants in surfactant-related
genes (SRG) often show high penetrance and thus
strong predictive value, telomere-related gene mu-
tations may present with variable expressivity and
incomplete penetrance.** Moreover, risk assessment
becomes more challenging due to genetic anticipation
observed in families carrying telomere-associated mu-
tations, where the disease may emerge at a younger
age and present with increased severity in successive
generations.** Importantly, the absence of a detected
mutation does not always equate to the absence of
risk, particularly in telomere biology disorders, where
other non-genotyped mechanisms such as inherited
short telomeres may still contribute to disease.*

In summary, genetic testing, when performed in
a context of appropriate counseling and ethical over-
sight, can guide long-term clinical management and
risk stratification for at-risk family members. How-
ever, interpretation of results must be individualized,
considering the specific gene involved, family history,
and the broader psychosocial context of the patient.

SCREENING AND FOLLOW-UP APPROACHES IN
FAMILY MEMBERS

In individuals diagnosed with FIP, screening strate-
gies aimed at the early detection of ILD in first-degree
relatives, before the onset of symptoms, are gaining
increasing importance. In clinical practice, it is con-
sidered that regular assessments in asymptomatic
individuals may contribute to the early identification
of disease. However, there is currently no consensus
regarding the optimal frequency of such follow-up
evaluations. 153

When first-degree relatives present with persistent
respiratory symptoms such as chronic cough or dys-
pnea, it is recommended that they undergo low-dose
thoracic CT and pulmonary function testing.?**’ In
cases associated with short telomere syndrome, in-
corporating a complete blood count and liver enzyme
testing into the follow-up protocol may be beneficial
for the early detection of systemic manifestations.
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Early changes detected by high-resolution com-
puted tomography (HRCT) have been linked to mea-
surable reductions in lung function. For instance, as-
ymptomatic relatives showing early ILD patterns on
HRCT had a mean DLco of 97% predicted, whereas
those with normal scans showed a higher mean of
105% predicted.® In a comparable manner, other stud-
ies reported DLco values of 89% compared to 93% in
individuals presenting interstitial lung abnormalities
and those lacking such findings, and 73% versus 87%
in another cohort.'! Despite these findings, forced
vital capacity (FVC) typically remains within normal
limits.*> Thus, normal pulmonary function does not
exclude early or subclinical disease, but pulmonary
function testing continues to be a valuable tool for
both baseline assessment and follow-up. Performing
these tests annually may assist in identifying early
functional decline.

Disease risk varies based on age, the type of genet-
ic mutation, and, particularly in TRG mutations, the
presence of genetic anticipation, where disease tends
to occur earlier and more severely in successive gen-
erations.**#!' While certain mutations (e.g., SFTPC,
ABCAD3) can cause disease in childhood, others such
as SFTPA1/2 and TERT are typically associated with
adult-onset ILD.*

There is growing evidence that genetic predispo-
sition, advancing age, and environmental exposures,
especially cigarette smoke, contribute to disease de-
velopment. However, current evidence is insufficient
to support gene- or age-specific screening guidelines.
Nonetheless, regular clinical monitoring and mini-
mizing exposure to environmental risk factors remain
prudent approaches to facilitate earlier diagnosis and
more effective management in individuals at risk.>

MANAGEMENT, FOLLOW-UP AND PROGNOSIS

In the treatment of FIP, while approaches similar to
those for sporadic pulmonary fibrosis are generally
followed, personalized treatment strategies based on
genetic and clinical features are of particular impor-
tance. Current international guidelines recommend the
use of antifibrotic therapies in patients diagnosed with
IPF or progressive pulmonary fibrosis, regardless of
whether the disease is familial or genetically based. In
this context, nintedanib and pirfenidone are the cor-
nerstone medications for patients with FIP.#>%

Retrospective studies have shown that antifibrotic
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therapy slows the decline in lung function in patients
carrying TRG mutations and is generally well toler-
ated. Moreover, pirfenidone has been reported to be
effective regardless of telomere length.*** In contrast,
immunosuppressive drugs have been associated with
adverse outcomes, particularly in patients with short
telomere syndrome or those carrying TRG mutations.
Therefore, the use of immunosuppressive therapy
should be carefully considered.*3

During follow-up, regular clinical assessments,
pulmonary function testing, and radiological imaging
are essential. In particular, annual repetition of PFTs
enables early detection of disease progression.*” In ad-
dition, to improve quality of life, patients should be
encouraged to avoid environmental risk factors, es-
pecially exposure to inhaled agents such as cigarette
smoke.

In terms of prognosis, disease progression in FIP
can vary depending on the genetic mutation and the
patient’s overall condition. In patients with telo-
mere-related mutations, the disease tends to follow a
more aggressive course.*** However, with appropri-
ate treatment and close monitoring, both life expec-
tancy and quality of life can be significantly improved.

The management of adult patients with FIP re-
quires a multidisciplinary and personalized approach.
Antifibrotic therapy, regular monitoring, and mini-
mizing environmental risks are the cornerstones in
slowing disease progression and reducing complica-
tions.*47

CASE ANALYSIS

The presence of mucocutaneous findings (early gray-
ing, alopecia, poikiloderma), bone marrow failure,
pulmonary fibrosis, and cryptogenic cirrhosis prompt-
ed further evaluation for an inherited telomere biology
disorder. The patient was referred to the Department
of Medical Genetics. Genetic testing revealed a patho-
genic TERT variant, and telomere length was below
the 10th percentile for age, confirming a telomeropa-
thy diagnosis in the spectrum of FIP.
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The patient was started on antifibrotic therapy, and
his first-degree relatives were offered genetic counsel-
ing and screening. At one-year follow-up, a decline
in PFT was observed (FVC 55%, DLco 34%), and
he was referred to a lung transplant center for further
evaluation.

This case highlights a complex multisystem telo-
meropathy manifesting with early-onset pulmonary
fibrosis, bone marrow failure, cryptogenic cirrhosis,
and characteristic mucocutaneous signs, fitting the ex-
tended phenotype of familial pulmonary fibrosis with
telomere-related gene mutations. In such cases, early
recognition of extrapulmonary features and genetic
testing are crucial for diagnosis, family screening, and
appropriate management, including timely referral for
transplantation.

CONCLUSION

FIP is often inherited in an autosomal dominant pat-
tern and may present with pulmonary and extrapul-
monary signs, including hematologic and hepatic
involvement. Mutations in surfactant-related genes
(e.g., SFTPC, ABCA3) and telomere-related genes
(e.g., TERT, TERC, RTEL1, PARN) are the most com-
mon monogenic causes of FIP. Genetic counseling and
targeted testing should be offered to first-degree rela-
tives of affected individuals, especially in the presence
of early-onset disease or systemic findings.

Antifibrotic therapies are effective in slowing dis-
ease progression, even in patients with telomere-re-
lated mutations. Immunosuppressive therapy may
carry increased risk in patients with short telomeres
and should be used with caution. Lung transplantation
remains a treatment option but requires special con-
sideration of post-transplant immunosuppressive regi-
mens in patients with telomeropathies.

Screening of asymptomatic relatives using HRCT,
PFTs, blood counts, and liver function tests is rec-
ommended for early disease detection. Integration of
genetic data into clinical management represents the
future of personalized care in FIP.
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ABSTRACT

Pulmonary amyloidosis is a rare and heterogeneous group of disorders characterized by the extracel-
lular accumulation of misfolded and insoluble protein fibrils within the lung parenchyma and airways.
While systemic amyloidosis and its pulmonary manifestations have been extensively discussed in the
hematology literature, isolated pulmonary involvement remains exceedingly uncommon. In most in-
stances, it has been described through case reports, small case series, or autopsy-based studies. From
a clinical perspective, pulmonary amyloidosis is classified into three principal subtypes: tracheobron-
chial, nodular parenchymal, and diffuse alveolar-septal forms. Tracheobronchial amyloidosis is lo-
calized predominantly to the central airways and leads to progressive luminal narrowing, presenting
with symptoms such as chronic cough, wheezing, recurrent respiratory infections, or hemoptysis. The
nodular parenchymal type is often asymptomatic and is typically detected incidentally during thorac-
ic imaging. It may appear as solitary or multiple nodules, occasionally demonstrating calcification,
and can radiologically mimic primary or metastatic malignancies. The diffuse alveolar-septal subtype
almost invariably reflects pulmonary involvement of systemic AL amyloidosis. Radiologically, this
form closely resembles interstitial lung disease, with high-resolution computed tomography (HRCT)
demonstrating ground-glass opacities, interlobular septal thickening, and a reduction in diffusing ca-
pacity as characteristic findings. Diagnostic evaluation requires an integrated approach combining
clinical, radiologic, and histopathological modalities. HRCT represents the cornerstone of radiolog-
ical assessment and diagnostic work-up. Definitive diagnosis, however, relies on histological demon-
stration of amyloid deposits using Congo red staining, which reveals the pathognomonic apple-green
birefringence under polarized light. While immunohistochemistry may assist in fibril subtyping, laser
microdissection coupled with mass spectrometry-based proteomic analysis is currently regarded as the
gold standard. The differential diagnosis is broad, encompassing malignant neoplasms, granulomatous
diseases, and a range of interstitial lung disorders, thereby underscoring the necessity of tissue con-
firmation in cases of clinical suspicion. Therapeutic strategies are closely related to the subtype. Lo-
calized tracheobronchial disease may be managed with bronchoscopic debulking, stent placement, or,
in refractory cases, external beam radiotherapy. Nodular parenchymal amyloidosis generally requires
no intervention unless progressive growth or symptomatic disease develops. In contrast, diffuse alve-
olar-septal involvement is almost invariably associated with systemic AL amyloidosis and necessitates
hematology-directed regimens, including bortezomib-, daratumumab-, or lenalidomide-based proto-
cols. Prognosis varies substantially: localized forms frequently pursue an indolent course, whereas pul-
monary involvement in systemic AL amyloidosis is strongly associated with adverse outcomes. Future
research priorities include the establishment of standardized diagnostic algorithms, the development
of noninvasive biomarkers for earlier recognition, and the identification of novel therapeutic targets to
improve long-term clinical outcomes in this rare but clinically important condition.

Keywords: Pulmonary amyloidosis; Tracheobronchial amyloidosis; Lung nodules; Systemic
amyloidosis; Immunoglobulin light chains

OZET

Pulmoner amiloidoz, akciger parankimi ve hava yollarinda hatali olarak katlanmig ve ¢oziinmeyen
protein fibrillerinin ekstraselluler birikimi ile karakterize, nadir goruilen, heterojen bir hastalik grubu
icindedir. Sistemik amiloidoz ve pulmoner tutulumu hematoloji literaturinde ayrintili olarak incelen-
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mistir ancak sadece pulmoner tutulum oldukg¢a seyrektir goriilmektedir. Literatiirde olgu sunumlari, kuiciik vaka serileri veya otopsi ¢aligmalari
araciligryla tantmlanmustir. Klinik olarak hastalik ti¢ temel alt tipe ayrilmaktadir: trakeobrongiyal, nodiiler parankimal ve diffuz alveoler-septal
form. Trakeobronsiyal tutulum ozellikle merkezi hava yollarinda lokalizedir ve ilerleyici hava yolu daralmasina yol acarak kronik oksuruk,
higilts, tekrarlayan solunum yolu enfeksiyonlari veya hemoptizi ile prezente olabilir. Noduler parankimal form siklikla asemptomatik olup
toraks goruntulemeleri sirasinda tesadufen saptanir. Tek veya ¢ok sayida nodul seklinde izlenebilir, kalsifikasyon gosterebilir ve radyolojik
olarak primer ya da metastatik maligniteyi taklit edebilir. Diffuz alveoler-septal tip genellikle sistemik AL amiloidozun akciger tutulumu ile
birlikte gorulur. Bu tip radyolojik agidan interstisyel akciger hastaliklarina benzer; yuksek ¢ozunurluklu bilgisayarli tomografide buzlu cam
dansiteleri, interlobuler septal kalinlasma ve difuizyon kapasitesinde azalma tipik olarak gorulur. Tanisal yaklagimda klinik, radyolojik ve histo-
patolojik yontemlerin birlikte degerlendirilerek karar verilmelidir. HRCT, radyolojik degerlendirme ve taniya yaklagimda temel yontem olarak
mutlaka kullanilir. Kesin tan1, Kongo kirmizisi boyasi ile polarize 151k altinda tipik elma yesili ¢ift kirilma bulgusu veren amiloid birikimlerinin
histolojik gosterilmesi ile konulur. Fibril alt tipinin belirlenmesi icin immunohistokimya kullanilabilmekle birlikte, lazer mikrodiseksiyon ve
kutle spektrometrisi tabanli proteomik analiz ginimuzde altin standart olarak kabul edilmektedir. Ayirict tan1 yelpazesi oldukca genistir ve
malign neoplaziler, graniilomatoz hastaliklar ve diger interstisyel akciger hastaliklarini icerir. Bu nedenle klinik siiphe durumunda doku tanisi
gereklidir. Tedavi yaklagim alt tip ile yakindan iligkilidir. Lokalize trakeobronsiyal tutulumda bronkoskopik debulking, stent uygulamasi veya
direngli olgularda eksternal radyoterapi dusuintilebilir. Noduiler parankimal form genellikle tedavi gerektirmez; yalnizca progresif bityime veya
semptom gelisirse tedavi baslanir. Diffuz alveoler-septal tutulum ise neredeyse her zaman sistemik AL amiloidozun pargasidir ve bortezomib,
daratumumab veya lenalidomid temelli hematoloji odakli protokoller gerektirir. Prognoz degisken olup lokalize formlar ¢ogunlukla indolent
seyir gosterirken, sistemik AL amiloidozda pulmoner tutulum kotii prognoz ile iligkilidir. Gelecekteki arastirmalarin, standardize tanisal algo-
ritmalarin olusturulmasina, noninvaziv biyobelirteclerin gelistirilmesine ve uzun donem klinik sonuglari iyilestirecek yeni tedavi hedeflerinin
tanimlanmasina odaklanmasi gerekmektedir.

Anahtar Kelimeler: Pulmoner amiloidoz; Trakeobrongiyal amiloidoz; Nodiiler akciger lezyonlari; Sistemik amiloidoz; Immiinoglobulin hafif
zincirleri

CASE PRESENTATION tic purposes showed Congo red positivity with char-

acteristic apple-green birefringence under polarized
A 62-year-old female patient presented to the out-

patient clinic with progressive exertional dyspnea

light microscopy. Immunohistochemical analysis con-
firmed AL (kappa) type amyloid deposition, establish-
over the past eight months, persistent dry cough, and ing a diagnosis of diffuse alveolar-septal AL amyloi-
worsening shortness of breath with exertion in recent
weeks. She had no history of smoking. On physical

examination, bilateral basal Velcro crackles were aus-

dosis (or ‘primary’).
The patient was started on a chemotherapy regi-
cultated. Her oxygen saturation on room air was 90%. men including bortezomib and daratumumab in col-

. L laboration with the hematology department. Supple-
Laboratory investigations revealed CRP: 4

mg/L, NT-proBNP: 1850 pg/mL, elevated serum free
kappa light chains, and the presence of a monoclonal

mental oxygen therapy and infection prophylaxis were
provided for pulmonary symptoms. Regular follow-up

) L . with NT-proBNP levels and echocardiography was
kappa band in both serum and urine immunofixation.

A 24-hour urine collection showed proteinuria of 0.5

g/day. ANA, ENA, and ACE levels were within nor- This case aims to illustrate the clinical, radiolog-
ical, and histopathological characteristics of diffuse

recommended for cardiac involvement.

mal limits.

Iveolar- 1 loidosis. This f is fi 1
High-resolution computed tomography (HRCT) alveolar-septal amyloidosis is form is frequently

of the thorax showed diffuse interlobular septal
thickening, bilateral basal-predominant ground-glass

misinterpreted as interstitial lung disease and requires
histopathological confirmation for a definitive diagno-

opacities (GGO), mild reticular infiltrates, and areas S18-
of polygonal arcades. No nodules, masses, or honey- It represents pulmonary involvement of systemic
combing were observed (Figure 1). AL amyloidosis, and treatment should primarily focus

Echocardiography revealed increased left ventric- on hematologic control.

ular wall thickness with mild diastolic dysfunction.

Cardiac MRI demonstrated diffuse gadolinium accu- INTRODUCTION

mulation with subendocardial late enhancement. T1 Amyloidosis is a rare group of diseases characterized

mapping values were elevated. by the misfolding of proteins into P-pleated sheet
A transbronchial biopsy performed for diagnos- fibrillar structures that accumulate in various tissues.
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Figure 1. Thorax HRCT reveals diffuse interlobular septal thickening, bilateral basal-predominant ground-glass opacities

(GGO), mild reticular infiltrates, and areas of polygonal arcades.

Publications after 2020 have increasingly referred to
this process as a “systemic proteopathy resulting from
impaired protein homeostasis.” This aberrant protein
accumulation not only alters tissue morphology but
also causes significant functional impairment.!

Although awareness of amyloidosis has grown
in recent years, its historical roots trace back to the
mid-19th century. In 1854, Rudolf Virchow observed
a starch-like substance under the microscope and
termed it “amyloid.” At the time, it was believed to
be of carbohydrate origin and was thus named after
the Greek word amylum, meaning starch. Subse-
quent histochemical and biochemical analyses later
confirmed that the amyloid substance was actually of
proteinaceous nature. The classical Congo red staining
method, along with the identification of “apple-green
birefringence” under polarized light microscopy, was
first described in the mid-20th century. Today, immu-
nohistochemical analysis and proteomic techniques
serve as the gold standard for the precise identification
of amyloid subtype.?

PATHOGENESIS

In the process of amyloid formation, proteins mis-
fold into B-pleated sheet structures due to instability
in their native three-dimensional conformation. These
misfolded proteins aggregate into insoluble fibrils,
which deposit extracellularly in tissues and lead to or-
gan dysfunction.?
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Different precursor proteins give rise to distinct fi-
bril types upon misfolding, resulting in various forms
of amyloidosis. For example, in AL (light-chain) amy-
loidosis, immunoglobulin light chains (either kappa or
lambda) secreted by monoclonal plasma cells undergo
conformational changes and aggregate into amyloid fi-
brils.? In localized pulmonary forms, it is believed that
this deposition originates from plasma cells within the
respiratory tract.* In ATTR (transthyretin) amyloido-
sis, either wild-type or mutant transthyretin molecules
misfold and form amyloid fibrils. Recent studies em-
phasize the role of the local microenvironment and
immune response, particularly in the pathogenesis of
localized amyloidosis.’

CLASSIFICATION

Amyloidosis is classified based on the biochemical
nature of the deposited protein. AL (primary) amyloi-
dosis is caused by the deposition of immunoglobulin
light chains and can present in either systemic or lo-
calized forms. AA amyloidosis is characterized by the
accumulation of serum amyloid A protein, typically in
the context of chronic inflammation. ATTR amyloi-
dosis involves the deposition of transthyretin-derived
fibrils.

Amyloid proteins are classified according to the
following criteria in Table 1.2

Pulmonary amyloidosis is further subclassified
based on clinical presentation into three major forms:
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Table 1. Classification of amyloid proteins.>®

Category Subtypes / Examples

Key Features

* AL (Light chains)

* AA (Serum Amyloid A)
.. e ATTRwt (wild-type)

a. Molecular Origin « ATTRv (variant)

etc.

e Others: AB,M, ALECT2, AApoAl, AGel, .

* AL: Most common systemic type
* AA: Inflammatory diseases

* ATTRwt: Age-related

ATTRv: Hereditary mutations

b. Distribution Pattern .
skin, lung parenchyma

e Systemic: AL, AA, ATTR
Localized: Tracheobronchial, bladder,

* Systemic: Multiorgan involvement
* Localized: Single organ only

c. Genetic Characteristics

* Hereditary: ATTRv, AApoAl, AGel
e Acquired: AL, AA, ATTRwt

e Hereditary: Autosomal dominant muta-
tions
e Acquired: Plasma cell/inflammatory basis

d. Diagnostic Techniques

* Conventional: Congo red staining, IHC
¢ Advanced: LMD-MS/MS

* Congo red: Green birefringence
* [HC: May be inconclusive
e MS: Gold standard

AA: Amyloid A, AApoAl: Amyloid from Apolipoprotein A-1, AB,M: Amyloid from Beta-2 Microglobulin, AGel: Amyloid from Gelsolin, AL: Amyloid
Light Chain, ALECT2: Amyloid from Leukocyte Chemotactic Factor 2, ATTR: Amyloid from Transthyretin, ATTRwt: Wild-type Transthyretin,
ATTRy: Variant Transthyretin, CR: Congo Red, IHC: Immunohistochemistry, LMD-MSIMS: Laser Microdissection with Tandem Mass
Spectrometry, MGUS: Monoclonal Gammopathy of Undetermined Significance, TTR: Transthyretin.

e Tracheobronchial type
e Nodular parenchymal type

» Diffuse alveolar-septal type (usually associated

with systemic disease)

This classification has important implications for
both diagnosis and therapeutic strategy.” An overview
of the subtypes of pulmonary amyloidosis is given in
Table 2.7°

CLINICAL MANIFESTATION

Pulmonary amyloidosis manifests with a wide spec-
trum of clinical signs and symptoms depending on
the site and extent of involvement. The disease course
may range from asymptomatic to severe forms pre-
senting with progressive dyspnea, recurrent infec-
tions, or even massive hemoptysis.

Although rare, pulmonary amyloidosis may be
associated with autoimmune diseases (e.g., Sjogren’s
syndrome, systemic lupus erythematosus) and lymph-
oproliferative disorders (particularly MALT lympho-
ma), suggesting a potential link between local amyloid
deposition and underlying clonal B-cell proliferation

in certain cases.'®

Localized Tracheobronchial Amyloidosis

This form usually presents with symptoms due to me-
chanical airway obstruction. The most common clini-
cal findings include:!!!?

e Chronic cough

* Exertional dyspnea

e Recurrent bronchopulmonary infections

* Hemoptysis

* Dysphonia (especially in upper tracheal involve-
ment)

Tracheobronchial amyloidosis is more common-
ly seen in individuals over 50 years of age. Thorax
HRCT may reveal irregular thickening and calcifica-
tions of the tracheal and bronchial walls, contributing
significantly to the diagnostic work-up.!!:3

Localized Pulmonary Parenchymal Amyloidosis

This form is often asymptomatic and is typically dis-
covered incidentally during imaging for unrelated
reasons. When symptoms are present, they tend to be
mild:

e Cough (in 20-30% of cases)
e Mild-to-moderate dyspnea
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Table 2. Classification of amyloid proteins.>®
Subtype Clinical and Radiological Features Diagnosis and Management
* Amyloid confined to submucosa of trachea and
large bronchi Diagnosis: bronchoscopy + endobronchial
Tracheobronchial . S.ymptoms: chronic cough, wheezing, hemopty- biopsy . .
Type sis, dyspnea Treatment: bronchoscopic debulking, ar-
P * Physical exam: rhonchi, wheezing, stridor gon plasma coagulation, or laser therapy
e HRCT: airway wall thickening, nodular calcifica- No systemic treatment typically needed
tions, luminal narrowing
* Often asymptomatic; incidentally found
* Single or multiple well-defined nodules (often Diagnosis: transthoracic needle biopsy or
Nodular peripheral, may be calcified) surgical wedge resection
Parenchymal Type * HRCT: well-defined, frequently calcified nodules Treatment: usually none; excision in se-
» Differential: metastases, granulomatous disease, lect cases
infections
» Rarest form; often part of systemic AL amyloi-
dosis
Diffuse Alveolar- . Sympt(?ms: progressive Flyspnea, hypoxemia, Diagnosis: surglca? lung biopsy
Septal Type restrictive respiratory failure Treatment: systemic chemotherapy (e.g.,
* HRCT: diffuse reticular opacities, interlobular bortezomib, daratumumab)
septal thickening, ground-glass opacities
* PFT: restrictive pattern with 4 DLco
DLco: Diffusing capacity of the lung for carbon monoxide, HRCT: High-resolution computed tomography, PFT: Pulmonary function test.

* Chest pain (rare)
* Hemoptysis (uncommon)

Radiologically, findings may include solitary or
multiple nodules, masses, or ground-glass opacities.
These lesions may mimic malignancy. No systemic
features are typically present. Histopathologically, lo-
calized parenchymal amyloidosis is most often of the
AL type, with light chain deposition.!!

This subtype is frequently associated with autoim-
mune diseases (e.g., Sjogren’s syndrome, systemic lu-
pus erythematosus) and lymphoproliferative disorders
(e.g., MALT lymphoma), further supporting a role for
immune mechanisms in its pathogenesis. "

Pulmonary Involvement in Systemic Amyloidosis

In systemic AL amyloidosis, pulmonary involvement
is often clinically silent and identified primarily as an
autopsy. If symptomatic, patients may present with:!2

* Progressive dyspnea

* Hypoxemia due to diffuse alveolar infiltrates

e Signs of pulmonary congestion secondary to heart
failure

* Rarely, hemoptysis

Involvement of the alveolar septa can lead to clin-
ical and radiological findings resembling interstitial
lung disease (ILD). Pulmonary symptoms may often
be misinterpreted as due to heart failure or pulmonary
infections."

Systemic Manifestations and
Associated Conditions

Systemic amyloidosis is frequently accompanied by

multisystemic symptoms. The most common symp-

toms are as below:!?

* Fatigue, weight loss

e Proteinuria or nephrotic syndrome

* Congestive heart failure due to restrictive cardio-
myopathy

* Macroglossia, periorbital purpura, peripheral neu-
ropathy

RADIOLOGICAL FINDINGS

Thoracic computed tomography (CT) is the most valu-
able imaging modality in the diagnostic work-up of



Sekibag, Borekgi

Pulmonary Amyloidosis

pulmonary amyloidosis. Radiologic features vary ac-
cording to the localization of amyloid deposition.'*

Localized Pulmonary Parenchymal Amyloidosis

In this subtype, nodular involvement is the most fre-
quently observed radiologic finding. These features
may resemble malignancies, granulomatous diseases,
or infectious lesions, complicating differential diagno-
sis. Typical CT findings include:"

e Solitary or multiple solid nodules

* Mass-like lesions

e (Calcified nodules

* Subpleural nodules or masses

e Pulmonary cysts, often associated with nodules
e Spiculated, lobulated, or well-defined contours

* Mediastinal or hilar lymphadenopathy, sometimes
with calcifications

e Pleural plaques

Nodular lesions accompanied by cystic changes
may be associated with underlying conditions such as
Sjogren’s syndrome, lymphoma, or lymphoid inter-
stitial pneumonia (LIP). Therefore, imaging findings
alone are insufficient for definitive diagnosis, and his-
topathologic confirmation is required."

Localized Tracheobronchial Amyloidosis

Radiologic findings in this form primarily reflect air-
way wall involvement and typically include:'®

e Thickening of the tracheal wall

* Bronchial wall thickening

¢ Tracheobronchial calcifications

e Tracheal lumen narrowing, with distal atelectasis

* Bronchiectasis, often secondary to infection

e Post-obstructive pneumonia, parenchymal destruc-
tion, and cyst formation

¢ Classic “nodular tracheal surface” appearance on
CT

Pulmonary Involvement in Systemic Amyloidosis

Systemic amyloidosis typically demonstrates an alve-
olar septal pattern in the lungs. Imaging findings often
resemble those seen in ILDs:"

» Diffuse interlobular septal thickening

¢ Widespread ground-glass opacities (GGO)

e Reticular infiltrates

¢ Bilateral, diffuse distribution

e Polygonal arcades and interlobular septal promi-
nence

* Rarely, nodular involvement

PET-CT and Other Imaging Modalities

¢ FDG-PET/CT: Nodular lesions generally exhibit
low or heterogeneous fluorodeoxyglucose (FDG)
uptake. High and homogeneous uptake may raise
suspicion for malignancy.'®

e Magnetic Resonance Imaging (MRI): While
highly valuable for assessing cardiac amyloidosis,
MRI plays a limited role in pulmonary involve-
ment and is generally not preferred."”

* Routine Chest Radiography: Often appears nor-
mal or may show non-specific nodular opacities.
Although of limited diagnostic value, it remains
widely used in initial evaluations.'®

DIAGNOSTIC APPROACH

The diagnosis of pulmonary amyloidosis is based on
the integration of clinical presentation, imaging find-
ings, and histopathological confirmation. The primary
goal is to distinguish between localized and systemic
forms and to determine the underlying etiology.

Clinical Suspicion Based on Imaging

Although nonspecific, certain findings on thoracic CT

should raise suspicion for amyloidosis, particularly in

appropriate clinical contexts. These include:'

» Single or multiple calcified nodules or masses

e Tracheobronchial wall thickening with calcifica-
tions

e In systemic forms: diffuse septal thickening,
ground-glass opacities, and reticular patterns
Amyloidosis should be included in the differen-

tial diagnosis, especially in patients with underlying

Sjogren’s syndrome, MALT lymphoma, or systemic

AL amyloidosis.*

Tissue Diagnosis: Biopsy Techniques

The gold standard for diagnosing amyloidosis is the
demonstration of amyloid deposits in tissue samples.
The choice of biopsy method depends on lesion local-

ization:??!
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e Transbronchial biopsy: Preferred in cases of tra-
cheobronchial involvement

* CT-guided transthoracic needle biopsy: Suitable
for deep parenchymal or subpleural nodules

* Video-assisted thoracoscopic surgery (VATS)
biopsy: Used in patients with diffuse, small, or di-
agnostically challenging lesions

e Endobronchial ultrasound-guided transbron-
chial needle aspiration (EBUS-TBNA): A safe
and effective option for diagnosing mediastinal
lymphadenopathy

Histopathological Evaluation

* Congo red staining demonstrating apple-green bi-
refringence under polarized light microscopy is the
diagnostic hallmark of amyloid deposition.¢

e Immunohistochemistry may aid in typing amyloid
(e.g., AL, AA, ATTR).S

e Laser microdissection and mass spectrometry
(LMD-MYS) is the most sensitive method for accu-
rate amyloid typing and is preferred when immu-
nohistochemistry is inconclusive.®

Systemic Evaluation

To distinguish localized disease from systemic amy-
loidosis, the following assessments are recommend-
ed:!

* Serum free light chain assay (sFLC)

e Immunofixation electrophoresis (IFE) of serum
and urine

e Bone marrow aspiration and biopsy to rule out
plasma cell dyscrasia

* Echocardiography and cardiac MRI, especially to
evaluate for restrictive cardiomyopathy

TREATMENT AND FOLLOW-UP

Due to its rarity, there are no randomized controlled
trials specifically addressing the treatment of pulmo-
nary amyloidosis. Current management strategies are
primarily based on retrospective data, case series, and
expert opinion.

Localized Tracheobronchial Amyloidosis

Treatment in this form is typically symptomatic. In-
terventions are warranted in the presence of airway
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obstruction or recurrent infections.
Treatment options include:?

* Endobronchial debulking: Techniques such
as mechanical resection, laser photocoagulation
(Nd:YAQG), cryotherapy, or argon plasma coagula-

tion (APC) can be employed.

e Stent placement: Temporary symptomatic relief
can be achieved in cases with severe tracheal or
main bronchial stenosis.

* Radiotherapy: In refractory or recurrent cases,
low-dose localized radiotherapy (~20-30 Gy) may
be beneficial, although the risk of tissue necrosis
should be considered.

e Maedical therapy: The role of corticosteroids, col-
chicine, or immunomodulatory agents is limited
and generally not recommended.

Follow-up:?

e Symptomatic patients should be monitored ev-
ery 6-12 months with thoracic CT and pulmonary
function tests (PFTs).

* C(Clinical vigilance is essential for infection risk,
and antibiotic therapy should be guided by cultures
when necessary.

Localized Pulmonary Parenchymal Amyloidosis

Most cases are asymptomatic and incidentally detect-
ed; treatment is not indicated in asymptomatic indi-
viduals.

Indications for treatment include:?

* Progressive dyspnea, hemoptysis, or recurrent in-
fections

* Suspicion of malignancy (e.g., rapidly enlarging,
spiculated, or FDG-avid lesions)

e Structural complications related to nodules or
masses

Treatment options:?

* Surgical resection: Can be both diagnostic and
therapeutic in solitary peripheral nodules.

* Post-biopsy observation: In cases with confirmed
diagnosis and absence of symptoms, clinical and
radiological follow-up after thoracoscopic or
transbronchial biopsy is usually sufficient.

Follow-up:

* Annual thoracic CT imaging is recommended in
clinically stable patients.
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* More frequent follow-up may be necessary in
symptomatic patients or when lesion growth is ob-
served.

Pulmonary Involvement in Systemic Amyloidosis
Since this form reflects pulmonary involvement of
systemic disease, treatment is primarily directed at the
underlying systemic pathology.

Targeted therapies:*

¢ For AL-type systemic amyloidosis:

e Agents such as bortezomib, lenalidomide, dara-
tumumab, and melphalan are commonly used.

e High-dose chemotherapy followed by autolo-
gous hematopoietic stem cell transplantation
(HSCT) is recommended for eligible patients.

¢  For ATTR-type amyloidosis:

e Systemic control can be achieved using trans-
thyretin stabilizers (e.g., tafamidis, diflunisal)
or RNA-based therapies (e.g., patisiran, inot-
ersen), although pulmonary involvement is rare
in this form.

Supportive care:*

¢ Oxygen therapy for chronic hypoxemia

* Infection prophylaxis (especially pneumococcal
and influenza vaccination)

e Diuretics in cases of heart failure or pulmonary
congestion

Multidisciplinary follow-up is essential in systemic
cases with pulmonary involvement and should involve
pulmonology, hematology, cardiology, and nephrology
teams.

GENERAL FOLLOW-UP RECOMMENDATIONS

Follow-up strategies differ depending on whether the
disease is localized or systemic.?>2

¢ Localized cases:

e In clinically stable patients, low-dose thoracic
CT every 6-12 months and annual PFTs are rec-
ommended.

* Although the risk of progression to systemic dis-
ease is low, long-term surveillance is advised.

¢ Systemic amyloidosis:

¢ NT-proBNP and echocardiography: Critical

for early detection of cardiac involvement.

e Urine and serum immunofixation: Used to

monitor hematologic progression.

* Bone marrow biopsy: May be repeated to as-
sess remission following treatment.

CASE ANALYSIS

The presented case represents a rare form of diffuse al-
veolar septal amyloidosis.

The presence of inspiratory “Velcro-type” crackles
on auscultation is a key clinical indicator of interstitial
involvement.”’

High-resolution computed tomography (HRCT)
revealed bilateral, basally predominant ground-glass
opacities (GGO), diffuse interlobular septal thickening,
and polygonal arcades. This radiological appearance is
consistent with the diffuse alveolar septal amyloido-
sis (DASA) pattern described in interstitial lung liter-
ature.”® Notably, this imaging pattern, as described in
the case reported by Moin et al., should prompt careful
consideration of diffuse alveolar septal amyloidosis in
the differential diagnosis.?”*

Laboratory findings, including elevated NT-proB-
NP levels, abnormal serum free light chain (sFLC)
ratio, and the presence of monoclonal kappa bands in
serum and urine, are strongly indicative of systemic
AL-type amyloidosis.*® This constellation of findings
supports the systemic nature of the disease and guides
further diagnostic and therapeutic planning.

Histopathological confirmation was obtained via
transbronchial biopsy, which revealed Congo red posi-
tivity and green birefringence under polarized light mi-
croscopy, hallmarks of amyloid deposition.’

The patient was initiated on a chemotherapy reg-
imen comprising bortezomib and daratumumab, con-
sistent with current protocols for systemic AL amyloi-
dosis. This therapeutic approach underscores the fact
that diffuse alveolar septal involvement represents a
manifestation of systemic disease requiring hematolog-
ic-directed therapy.’

This case highlights the following diagnostic and
management considerations in diffuse alveolar septal
amyloidosis:

e HRCT findings such as ground-glass opacities and
septal thickening may mimic other interstitial lung
diseases

e Systemic screening, including kappa-sFLC ratio,
NT-proBNP levels, and electrophoretic studies,
plays a critical diagnostic role

e Accurate biopsy technique and implementation
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of appropriate treatment regimens are essential in
AL-type systemic amyloidosis.*

CONCLUSION

Pulmonary amyloidosis is a rare disease classified
clinically into tracheobronchial, nodular, and diffuse
parenchymal forms. While dyspnea, cough, and he-
moptysis are common in the tracheobronchial form,
the nodular type is often asymptomatic and detected
incidentally. Diagnosis requires a combined assess-
ment with HRCT, bronchoscopy, and endobronchial
biopsy. Congo red staining with apple-green bire-
fringence under polarized light microscopy is the
classical diagnostic hallmark of amyloidosis. Immu-
nohistochemistry and mass spectrometry are used to
determine the amyloid subtype. Distinguishing be-
tween AL and ATTR types is critical for treatment de-
cisions. In symptomatic patients with tracheobronchial

REFERENCES

1. Baqir M, Roden AC, Moua T. Amyloid in the Lung.
Semin Respir Crit Care Med. 2020;41(2):299-310.
doi:10.1055/5-0040-1708059. https://pubmed.ncbi.nlm.nih.
2gov/32279300

2. Benson MD, Buxbaum JN, Eisenberg DS, Merlini G, Saraiva
MIJM, Sekijima Y, Sipe JD, Westermark P. Amyloid nomen-
clature 2018: recommendations by the International Society
of Amyloidosis (ISA) nomenclature committee. Amyloid.
2018;25(4):215-219. doi:10.1080/13506129.2018.1549825.
https://pubmed.ncbi.nlm.nih.gov/30614283

3. Khan NA, Bhandari BS, Jyothula S, et al. Pulmonary man-
ifestations of amyloidosis. Respir Med. 2023;219:107426.
doi:10.1016/j.rmed.2023.107426. https://pubmed.ncbi.nlm.
nih.gov/37839615

4. Eggleston RH, Hartman TE, Walkoff LA, et al. Clinical, ra-
diologic, and pathologic features and outcomes of pulmonary
transthyretin amyloidosis. Respir Med. 2022;194:106761.
doi:10.1016/j.rmed.2022.106761. https://pubmed.ncbi.nlm.
nih.gov/35217402

5. Basset M, Hummedah K, Kimmich C, et al. Localized im-
munoglobulin light chain amyloidosis: Novel insights in-
cluding prognostic factors for local progression. Am J He-
matol. 2020;95(10):1158-69. doi:10.1002/ajh.25915. https://
pubmed.ncbi.nlm.nih.gov/32602121

6. Vrana JA, Gamez JD, Madden BlJet al. Classification
of amyloidosis by laser microdissection and mass spec-

trometry-based proteomic analysis in clinical biopsy

specimens. Blood. 2009;114(24):4957-9. doi:10.1182/
blood-2009-07-230722. https://pubmed.ncbi.nlm.nih.
gov/19797517

156

amyloidosis, bronchoscopic debulking is the first-line
therapeutic approach. In systemic AL amyloidosis,
chemotherapy (e.g., daratumumab, bortezomib) and
hematologic assessment are required. In ATTR amy-
loidosis, transthyretin stabilizers such as tafamidis are
utilized. The differential diagnosis should exclude in-
fections, malignancies, vasculitis, and granulomatous
diseases.

Accurate and timely identification of pulmonary
amyloidosis, together with meticulous subclassifi-
cation, remains pivotal for guiding evidence-based
clinical management and improving patient outcomes;
however, given the disease’s rarity, clinical heteroge-
neity, and diagnostic complexity, further prospective
studies are essential to elucidate its underlying patho-
physiology, refine diagnostic algorithms, and assess
the long-term efficacy of emerging therapeutic inter-
ventions.

7. Moy LN, Mirza M, Moskal B, et al. Pulmonary AL amyloido-
sis: Areview and update on treatment options. Ann Med Surg
(Lond). 2022;80:104060. doi:10.1016/j.amsu.2022.104060.
https://pubmed.ncbi.nlm.nih.gov/35855884

8. Grogg KL, Aubry MC, Vrana JA, et al. Nodular pulmonary
amyloidosis is characterized by localized immunoglobu-
lin deposition and is frequently associated with an indo-
lent B-cell lymphoproliferative disorder. Am J Surg Pathol.
2013;37(3):406-12.  doi:10.1097/PAS.0b013e318272fe19.
https://pubmed.ncbi.nlm.nih.gov/23282974

9. Mallus MT, Rizzello V. Treatment of amyloidosis: present
and future. Eur Heart J Suppl. 2023;25(Suppl B):B99-B103.
doi: 10.1093/eurheartjsupp/suad082.
nlm.nih.gov/37091663

https://pubmed.ncbi.

10. Li H, Lu Y. Pulmonary amyloidosis and cystic lung dis-
ease in primary Sjogren’s syndrome: a case report and lit-
erature review. Clin Rheumatol. 2021;40(8):3345-3350.
doi:10.1007/s10067-021-05596-9 https://pubmed.ncbi.nlm.

nih.gov/33495973/

11. Smesseim I, Cobussen P, Thakrar R, et al. Management of
tracheobronchial amyloidosis: a review of the literature.
ERJ Open Research. 2024;10(1):00540-2023. https://doi.

org/10.1183/23120541.00540-2023

Celli BR, Rubinow A, Cohen AS, et al. Patterns of pulmo-
nary involvement in systemic amyloidosis. Chest. 1978
Nov;74(5):543-7.  doi:10.1378/chest.74.5.543. https://
pubmed.ncbi.nlm.nih.gov/104830

Mohammadien HA, Morsi SN, Al Shahat MA. Systemic
AL amyloidosis presenting with diffuse alveolar septal in-

12.

13.


https://pubmed.ncbi.nlm.nih.gov/32279300
https://pubmed.ncbi.nlm.nih.gov/32279300
https://pubmed.ncbi.nlm.nih.gov/30614283
https://pubmed.ncbi.nlm.nih.gov/37839615
https://pubmed.ncbi.nlm.nih.gov/37839615
https://pubmed.ncbi.nlm.nih.gov/35217402
https://pubmed.ncbi.nlm.nih.gov/35217402
https://pubmed.ncbi.nlm.nih.gov/32602121
https://pubmed.ncbi.nlm.nih.gov/32602121
https://pubmed.ncbi.nlm.nih.gov/19797517
https://pubmed.ncbi.nlm.nih.gov/19797517
https://pubmed.ncbi.nlm.nih.gov/35855884
https://pubmed.ncbi.nlm.nih.gov/23282974
https://pubmed.ncbi.nlm.nih.gov/37091663
https://pubmed.ncbi.nlm.nih.gov/37091663
https://pubmed.ncbi.nlm.nih.gov/33495973/
https://pubmed.ncbi.nlm.nih.gov/33495973/
https://doi.org/10.1183/23120541.00540-2023
https://doi.org/10.1183/23120541.00540-2023
https://pubmed.ncbi.nlm.nih.gov/104830
https://pubmed.ncbi.nlm.nih.gov/104830

Sekibag, Borekgi

Pulmonary Amyloidosis

14.

15.

16.

17.

18.

19.

20.

21.

volvement and respiratory failure: a case report and review
of the literature. Egypt J Bronchol. 2021;15:23. https://doi.
org/10.1186/s43168-021-00070-1

Gandham AK, Gayathri AR, Sundararajan L. Pulmonary
amyloidosis: A case series. Lung India. 2019;36(3):229-32.
doi:10.4103/lungindia.lungindia_205_18.  https://pubmed.
ncbi.nlm.nih.gov/31031344

Eggleston RH, Hartman TE, Walkoff LA et al. Clinical, ra-
diologic, and pathologic features and outcomes of pulmonary
transthyretin amyloidosis. Respir Med. 2022;194:106761.
doi:10.1016/j.rmed.2022.106761. https://pubmed.ncbi.nlm.
nih.gov/35217402

Baqir M, Lowe V, Yi ES, Ryu JH. 18F-FDG PET scanning
in pulmonary amyloidosis. J Nucl Med. 2014;55(4):565-8.
doi:10.2967/jnumed.113.130823.  https://pubmed.ncbi.nlm.
nih.gov/24556593

Utz JP, Swensen SJ, Gertz MA. Pulmonary amyloidosis.
The Mayo Clinic experience from 1980 to 1993. Ann In-
tern Med. 1996;124(4):407-13. doi:10.7326/0003-4819-
124-4-199602150-00004.
2gov/8554249

Fenna Ahsino, Mouad Al Moudni, Jamal Eddine Bourkadi,
Karima Marc, Pulmonary amyloidosis: a case report, Oxford
Medical Case Reports. 2025;2025(4):omaf007. https://doi.
org/10.1093/omcr/omaf007

Zimna K, Sobiecka M, Langfort R, Btasinska K, Tomkow-
ski WZ. Pulmonary amyloidosis mimicking interstitial lung

https://pubmed.ncbi.nlm.nih.

disease and malignancy: a case series with a review of pul-
monary patterns. Respir Med Case Rep. 2021;33:101427.
doi:10.1016/j.rmer.2021.101427.
nih.gov/34401273

Upadhaya S, Baig M, Towfiq B, Al Hadidi S. Nodular pul-
monary amyloidosis with primary pulmonary MALT lym-

https://pubmed.ncbi.nlm.

phoma masquerading as metastatic lung disease. ] Commu-
nity Hosp Intern Med Perspect. 2017;7(3):185-9. doi:10.10
80/20009666.2017.1343075. https://pmc.ncbi.nlm.nih.gov/
articles/PMC5538246

Gertz MA. Immunoglobulin light chain amyloidosis: 2024
update on diagnosis, prognosis, and treatment. Am J He-
matol. 2024;99(2):309-24. doi:10.1002/ajh.27177. https://
pubmed.ncbi.nlm.nih.gov/38095141

22.

23.

24.

25.

26.

217.

28.

29.

30.

Sommer P, Kumar G, Lipchik RJ, Patel JJ. Tracheobronchial
amyloidosis managed with multimodality therapies. Thera-
peutic Advances in Respiratory Disease. 2014;8(2):48-52.
doi:10.1177/1753465814524470. https://pubmed.ncbi.nlm.
nih.gov/24594977

Sanchorawala V, Boccadoro M, Gertz M, et al. Guidelines
for high dose chemotherapy and stem cell transplantation for
systemic AL amyloidosis: EHA-ISA working group guide-
lines. Amyloid. 2022;29(1):1-7. https://doi.org/10.1080/135
06129.2021.2002841

Wechalekar AD, Gillmore JD, Bird J, Cavenagh J, et al.
Guidelines on the management of AL amyloidosis. Br J Hae-
matol. 2015;168(2):186-206. doi:10.1111/bjh.13155. https://
pubmed.ncbi.nlm.nih.gov/25303672

Moin A, Mody M, Arjuna A. Lungs under siege: exploring a
rare case of diffuse alveolar septal pulmonary amyloidosis-a
case report. Shanghai Chest. 2024;8:12. doi:10.21037/shc-
23-49. https://shc.amegroups.org/article/view/8719/html

Riehani A, Soubani AO. The spectrum of pulmonary am-
yloidosis. Respir Med. 2023;218:107407. doi:10.1016/].
rmed.2023.107407.
gov/37696313

Kim CH, Kim S, Kwon OJ, Han SK, Lee JS, Kim KY. Pulmo-
nary diffuse alveolar septal amyloidosis--diagnosed by trans-
bronchial lung biopsy. Korean J Intern Med. 1990;5(1):63-8.
doi:10.3904/kjim.1990.5.1.63. https://pubmed.ncbi.nlm.nih.
gov/2271513

Song A, Mellgard G, Bellofiore C.et al. Diffuse lung involve-
ment as a rare presentation of systemic AL amyloidosis: a
retrospective cohort study. Blood Adv. 2025;9(9):2221-5.
doi:10.1182/bloodadvances.2024015646. https://pmc.ncbi.
nlm.nih.gov/articles/PMC12083917

Graham CM, Stern EJ, Finkbeiner WE, Webb WR. High-res-
olution CT appearance of diffuse alveolar septal amyloido-
sis. AJR Am J Roentgenol. 1992;158(2):265-7. doi:10.2214/
ajr.158.2.1729778. https://pmc.ncbi.nlm.nih.gov/articles/
PMC5946556

Al Hamed R, Bazarbachi AH, Bazarbachi A, Malard F,
Harousseau JL, Mohty M. Comprehensive Review of AL

https://pubmed.ncbi.nlm.nih.

amyloidosis: some practical recommendations. Blood Can-
cer J. 2021;11(5):97. doi:10.1038/s41408-021-00486-4.
https://pubmed.ncbi.nlm.nih.gov/34006856


https://doi.org/10.1186/s43168-021-00070-1
https://doi.org/10.1186/s43168-021-00070-1
https://pubmed.ncbi.nlm.nih.gov/31031344
https://pubmed.ncbi.nlm.nih.gov/31031344
https://pubmed.ncbi.nlm.nih.gov/35217402
https://pubmed.ncbi.nlm.nih.gov/35217402
https://pubmed.ncbi.nlm.nih.gov/24556593
https://pubmed.ncbi.nlm.nih.gov/24556593
https://pubmed.ncbi.nlm.nih.gov/8554249
https://pubmed.ncbi.nlm.nih.gov/8554249
https://doi.org/10.1093/omcr/omaf007
https://doi.org/10.1093/omcr/omaf007
https://pubmed.ncbi.nlm.nih.gov/34401273
https://pubmed.ncbi.nlm.nih.gov/34401273
https://pmc.ncbi.nlm.nih.gov/articles/PMC5538246
https://pmc.ncbi.nlm.nih.gov/articles/PMC5538246
https://pubmed.ncbi.nlm.nih.gov/38095141
https://pubmed.ncbi.nlm.nih.gov/38095141
https://pubmed.ncbi.nlm.nih.gov/24594977
https://pubmed.ncbi.nlm.nih.gov/24594977
https://doi.org/10.1080/13506129.2021.2002841
https://doi.org/10.1080/13506129.2021.2002841
https://pubmed.ncbi.nlm.nih.gov/25303672
https://pubmed.ncbi.nlm.nih.gov/25303672
https://shc.amegroups.org/article/view/8719/html
https://pubmed.ncbi.nlm.nih.gov/37696313
https://pubmed.ncbi.nlm.nih.gov/37696313
https://pubmed.ncbi.nlm.nih.gov/2271513
https://pubmed.ncbi.nlm.nih.gov/2271513
https://pmc.ncbi.nlm.nih.gov/articles/PMC12083917
https://pmc.ncbi.nlm.nih.gov/articles/PMC12083917
https://pmc.ncbi.nlm.nih.gov/articles/PMC5946556
https://pmc.ncbi.nlm.nih.gov/articles/PMC5946556
https://pubmed.ncbi.nlm.nih.gov/34006856




PLEUROPARENCHYMAL FIBROELASTOSIS
PLOROPARENKIMAL FIBROELASTOZ

Prof. Dr. Ozlem Ozdemir Kumbasar

N
o |
o=
LiJ
[—
.
=
==
(b )




Ozlem Ozdemir Kumbasar

Ankara University, Faculty of Medicine,
Department of Chest Diseases,
Ankara, Tiirkiye
okumbasar@ankara.edu.tr

Orcid ID: 0000-0003-4599-1461

For Citation:

Ozdemir Kumbasar O.
Pleuroparenchymal Fibroelastosis.
In: Altinisik G, McCormack FX,
editors. Adopting Orphan Diseases:
Rare Interstitial Lung Diseases. 1*
ed. Ankara: Turkiye Klinikleri; 2025.
p.159-169.

PLEUROPARENCHYMAL FIBROELASTOSIS
PLOROPARENKIMAL FIBROELASTOZ

ABSTRACT

Pleuroparenchymal fibroelastosis (PPFE) is a serious type of interstitial lung disease (ILD) described
with predominant upper lobe pleural and parenchymal fibroelastosis. PPFE is divided into two groups:
idiopathic and secondary PPFE. Idiopathic PPFE (iPPFE) was classified in the rare idiopathic intersti-
tial pneumonia (IIP) group in 2013 “American Thoracic Society/European Respiratory Society Inter-
national Multidisciplinary Consensus Classification of Idiopathic Interstitial Pneumonias”. Secondary
PPFE is related to different causes such as medications, hematopoietic stem cell or bone marrow trans-
plantation, lung transplantation, radiation therapy, autoimmune diseases, exposures, infections.

Actual incidence and prevalence of PPFE is not known . Patients with PPFE may occur at any age,
it is more frequent between the ages of 30-60 years. The onset of the disease is usually insidious and
progressive; the main symptoms are exertional dyspnea, dry cough, weight loss; platythorax is an im-
portant physical finding. Pneumothorax is a frequent complication. Clubbing is rare, fine cracles may
be heard in some patients. Pulmonary function test reveals restrictive defects. Residual volume (RV)
and ratio of RV to total lung capacity (RV/TLC) may increase. Diffusion capacity (DLco) is less de-
creased than forced vital vapacity. Hypercapnia is a frequent finding and hypoxemia is less prominent;
hypoxemia and hypercapnia may coexit in advanced stages. High PCO, level is associated with poorer
prognosis. Chest x-ray shows apical thickening, subpleural reticular densities in the upper lung areas,
upward shift of hilar structures due to progressive volume loss. Typical computed tomography findings
are pleural thickening, subpleural dense consolidation and reticulations, dense fibrotic bands adjacent
to pleura predominantly localized in upper lobes. Pathological findings of PPFE are dense subpleural,
intraalveolar fibrosis with the deposition of elastic fibers; fibrous visceral pleural thickening, mild
lymphocytic inflammation, fibroblastic foci (rare). The lung parenchyma far from pleura is usually
preserved. Diagnostic methods for PPFE are clinical, radiological, physiological and histopathological
evaluation.

Risk of pleural complications and acute exacerbation of interstitial lung disease limits the use of sur-
gical biopsy. There is no effective treatment for PPFE. Prognosis of patients with iPPFE was found
poorer than those of patients with IPF, most important cause of death is chronic respiratory failure.
Psychological support and pulmonary rehabilitation are important for supportive care methods, but
pneumothorax and pneumomediastinum may interrupt exercise programs. Oxygen therapy should be
given to hypoxemic patients, monitoring for hypercapnia is important. Noninvasive positive pressure
ventilation is administered to hypercapnic patients with chronic respiratory disease, but risk of pneu-
mothorax limits the use of positive pressure ventilation. High flow nasal oxygen therapy may be an
option for hypercapnic PPFE patients.

Keywords: Interstitial lung diseases; Idiopathic interstitial pneumonia, Pleuraparenchymal
fibroelastosis; Bone marrow transplantation; Lung transplantation

OZET

Ploroparankimal fibroelastozis (PPFE), uist lob baskin plevral ve parankimal fibroelastoz ile karakte-
rize agir bir interstisyel akciger hastaligidir. Idyopatik ve sekonder olarak iki gruba ayrilir. Idyopatik
PPFE (iPPFE), 2013 “Amerikan Toraks Dernegi/Avrupa Solunum Dernegi Idyopatik Interstisyel Pno-
monilerin Uluslararas1 Multidisipliner Simiflamasinda” nadir idyopatik interstisyel pnomoniler (IIP)
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grubunda yer almistir. Sekonder PPFE ise ilaglar, hematopoetik kok hiicre veya kemik iligi nakli, akciger nakli, radyoterapi, otoimmiin hasta-
liklar, maruziyetler, enfeksiyonlar gibi farkli nedenlere baglh olarak ortaya ¢ikar.

PPFE’un gercek insidansi ve prevalansi bilinmemektedir. PPFE olgulari her yagstan olabilirse de hastalik 30-60 yag arasinda daha siktir. Hastali-
gin baglamasi genellikle sinsi ve ilerleyicidir, ana belirtiler eforla nefes darligi, kuru oksuruk, kilo kaybidir; platitoraks onemli bir fizik bulgudur.
Pnomotoraks sik goriilen bir komplikasyondur. Comak parmak nadirdir, bazi hastalarda ince raller duyulabilir. Solunum fonksiyon testlerinde
restriktif defekt saptanir. Rezidui hacim (RH), RH/total akciger kapasitesi oran1 (RH/TAK) artabilir. Difuzyon kapasitesi (DLco), zorlu vital
kapasiteye (ZVK) gore daha az duser. Hiperkapni sik bir bulgudur, hipoksemi daha az belirgindir; ileri evrelerde hipoksemi, hiperkapni birlikte
bulunabilir. Yiiksek PCO, diizeyleri daha kot prognozla iligkilendirilir. Akciger filminde apikal kalinlagma, st akciger alanlarinda subplevral
retikuiler dansiteler, ilerleyici hacim kaybina bagl hiler yapilarin yukari yer degistirmesi gorulur. Tipik bilgisayarli tomografi bulgular1 baskin
olarak ust loblarda yer alan plevral kalinlagma, subplevral yogun konsolidasyon ve retikuilasyonlar, plevraya komsu yogun fibrotik bantlardir.
PPFE’un patolojik bulgulari elastik liflerin birikimi ile yogun subplevral, intraalveoler fibrozis, visseral plevrada fibroz kalinlagma, hafif lenfosi-
tik inflamasyon, fibroblastik odaklar (nadir) seklinde 0zetlenebilir. Plevraya uzak akciger parankimi genellikle korunmustur. PPFE tanisi klinik,
radyolojik, fizyolojik ve histopatolojik bulgularin kombinasyonu ile konur.

Plevral komplikasyonlar ve akciger fibrozisinin akut alevlenmesi riski cerrahi biyopsi kullanimini sinirlamaktadir. PPFE’in etkin bir tedavisi
yoktur. IPPFE olgularinin prognozu IPF olgularindan daha kotudur, iPPFE’li olgularin en onemli 6lium nedeni kronik solunum yetmezligidir.
Destekleyici tedavi yontemleri olarak psikososyal destek ve pulmoner rehabilitasyon onemlidir, ancak pnomotoraks ve pnomomediasten egzer-
siz programlarini kesintiye ugratabilir. Hipoksemik hastalara oksijen verilmelidir, hiperkapni i¢in monitorizasyon onemlidir. Kronik solunum
sistemi hastalig1 olan hiperkapnik hastalarda noninvazif pozitif basin¢li ventilasyon uygulanir, ancak PPFE olgularinda pnomotoraks riski pozi-
tif basin¢h ventilasyon kullanimini sinirlar. Yiksek akimli nazal oksijen tedavisi hiperkapnik PPFE olgular igin bir segenek olabilir.

Anahtar Kelimeler: Interstisyel akciger hastaliklari; Idyopatik interstisyel pnomoni; Ploroparankimal fibroelastoz; Kemik iligi nakli; Akciger
nakli

CASE PRESENTATION present at the beginning of the process, the patient
' . soon had to continue the battle without her partner,
A 31-year-old, newly married, female patient present- accompanied instead by the healthcare providers.
ed with fatigue, palpitation and exertional dyspne.
Her complaints started two years ago, but she thought
b e e c" INTRODUCTION

her complaints were related to her low weight. She

had no history of previous respiratory illness, smok- Pleuroparenchymal fibroelastosis (PPFE) is a serious
ing or inhalational exposure. Her family history was type of interstitial lung disease (ILD) described with
unremarkable. She was thin (body mass index:18kg/ predominant upper lobe pleural and parenchymal fi-
m?), blood pressure was 110/70 mmHg, pulse rate broelastosis. It was first described in 1992 in Japan by
was 104/min, respiratory rate was 18/min; oxygen Anmitani; it was named as ‘Amitani’s disease’ or ‘up-
saturation was 93%. There was platythorax, very few per lobe pulmonary fibrosis’.!

cracles were heard on auscultation. On chest X-ray, In 2004 Frankel et al. reported five cases with
diaphragma was elevated bilaterally, bilateral apical similar features and suggested the term ‘pleuropa-
pleural thickening and reticular shadows in the upper renchymal fibroelastosis’. Surgical biopsy findings of
lung zones and pneumothorax in the right lung were these cases didn’t fit with any of the known interstitial
observed; on the lateral radiograph, narrowing of the pneumonias. The reported pathological findings were

anteroposterior diameter of the thoracic cage was no-
ticed (Figure 1).

fibrosis of the visceral pleura, prominent subpleural
fibroelastosis, sparing of the areas far from the pleu-

Thoracic computed tomography (CT) showed bi- ra, mild and patchy lymphoplasmocytic infiltrates, and
lateral apical irregular pleural thickening, pneumotho- rare fibroblastic foci between the fibrotic areas and
rax on the right side, subpleural consolidations and surrounding unaffected parenchyma.?
fibrotic changes (Figure 2). “American Thoracic Society/European Respirato-

Complete blood count, CRP, eryhrocyte sediman- ry Society International Multidisciplinary Consensus
tation rate, blood glucose, liver and renal function Classification of Idiopathic Interstitial Pneumonias”
tests were normal; autoantibodies were negative. Ar- was updated in 2013. Idiopathic interstitial pneumo-
terial blood gases revealed mild hypoxemia. nias (IIPs) were divided into three subgroups in this

Diagnosis of pleuroparenchymal fibroelastosis new statement as major IIPs, rare IIPs and unclassifi-

was considered. While her partner was supportively able IIP. Idiopathic PPFE was classified as a rare IIP.?
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Figure 1. Posteroanterio and lateral radiographs of chest, respectively, demonstrating mainly a right-sided pneumothorax

and narrowing of the width of thorax.

Figure 2. An image of thorax computerized tomography from the upper lobes reveals bilateral irregular pleural thickening,
mainly in right apicoposterior localization, minimal right pneumothorax.

PPFE is still a rare disease, but it is increasingly rec-
ognised.

EPIDEMIOLOGY

Actual incidence and prevalence of PPFE is not
known, because there isn’t a consensus for diagnostic
criteria. Studies estimate the prevalence of idiopathic
PPFE among IIPs as 0.5-10.4%; this wide variation

depends on the study population and dignostic cri-
teria used.* Nakatani et al. reviewed retrospectively
their database of diagnostic pathology archives; eval-
uated 205 patients diagnosed interstitial lung disease
with surgical lung biopsy and 12 cases (5.9%) were
identified as PPFE after reevaluation with multidis-
ciplinary discussion. Seven cases (58%) were male,
seven patients were nonsmoker, median age was 62
years. Eight patients were idiopathic PPFE, four pa-
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tients were secondary PPFE. Of 205 patients 77 were
IIP, thus the frequency of idiopathic PPFE was 10.4%
among IIPs.’ PPFE is more common amog severe ILD
cases, in a series including 118 fibrotic ILD patients
registered for lung transplantation, 25% of patients had
radiological findings compatible with PPFE.°

The age range in different series was 18-85 years.
There was a bimodal distrubition of presentation, with
a peak in the third decade and another peak in the sixth
decade.” There was slight male or female predomi-
nance in some series, and no sex difference in some
others. Idiopathic PPFE was often reported in middle
aged to elderly patients with a median age at diagnosis
about 60 years.* However most the cases followed in
our center are young patients, age range of our patients
is 19-50 years, and there is no sex difference in them.

ETIOLOGY AND PATHOGENESIS

PPFE is divided into two groups: idiopathic and sec-
ondary PPFE. Idiopathic PPFE is included in rare IIP
group. Secondary PPFE is associated with different
conditions.® Pathogenesis is not clearly defined. Lung
injury may trigger the pathological cascade causing fi-
brotic changes. Some genetic mutations are important
for the development of fibrotic interstitial lung disease.
Telomere gene mutations were identified in patients
with PPFE.*® Newton et al. evaluated 115 ILD cases
with telomere gene mutations and found that 46% of
these cases were IPF patients and 10% had PPFE. Mu-
tations of patients with PPFE in this cohort were related
to TERT, TERC or RTEL1.!° Nunes et al. investigated
10 patients with PPFE for TERT and TERC mutations,
TERT mutations were identified in five of them.! Ge-
netic mutations may occur without family history, but
there are familial PPFE cases.”® Our first cases were
two sisters, 19 and 21 years old, they had bilateral api-
cal pleural and parenchymal fibrosis. These cases pre-
sented in early 1990s before PPFE was described and
recognized in retrospective evaluation.

Secondary PPFE may be related to medications, he-
matopoietic stem cell or bone marrow transplantation,
lung transplantation, radiation therapy, autoimmune
diseases, exposures, infections.'? In 2011, four cases
with PPFE related to bone marrow transplantation were
reported. All of them presented with recurrent pneumo-
thoraces and histological findings of bronchiolitis oblit-
erans.”® Chronic graft versus host disease and alkylat-
ing agents have been considered as possible causes of
PPFE after hematopoietic stem cell transplantation.'*
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PPFE was found to have a major histopathological pat-
tern of restrictive allograft dysfunction after lung trans-
plantation.'> PPFE cases were described after treatment
with alkylating agents.'® PPFE was reported as a late
complication of childhood cancer therapy especial-
ly with high dose alkylating agents."” In one study,
marked PPFE was detected in 23% of hypersensitivity
pneumonitis cases, and was associated with reduced
forced vital capacity (FVC) and predictive of mortali-
ty.!® Sari et al. detected PPFE in 18.1% of patients with
systemic sclerosis associated interstitial lung disease,
and patients with PPFE had higher age and longer dis-
ease duration than patients without PPFE." In a sys-
tematic review and meta analysis, it was reported that
20.5% of patients with rheumatic autoimmune disease
had PPFE, and the most common PPFE-associated
disease was systemic sclerosis, followed by rheuma-
toid arthritis.?® Infections (pulmonary aspergiollosis or
Mycobactrium avium complex), exposures (asbestos,
aluminium or silica) or radiation are strogly suspected
for development of PPFE.'>?!

CLINICAL MANIFESTATIONS

Patients with PPFE may present at any age, but it is
more frequent between the ages of 30-60 years. There
is no relation to smoking. The onset of the disease is
usually insidious and progressive, and main symp-
toms are exertional dyspnea, dry cough, weight loss.
Nonspecific chest discomfort and pleuritic pain are
reported. Most patients have low body mass index
(BMI); platythorax or flat chest (reduced anteroposte-
rior to transverse diameter ratio of the thoracic cage)
is an important physical finding. This deformity may
develop because of the upper lobe fibrosis and prog-
ress with disease severity, or it may be a congenital
deformity. A deep suprasternal notch may be detected
in some patients. Clubbing is rare, fine cracles may
be heard in some patients.**?!"> Five PPFE cases with
vocal cord paralysis were reported, pneumothorax was
noted in three of them, aspiration pneumonia occurred
in three patients.*

Pneumothorax is a frequent complication; it may
be recurrent and usually small in size and asymptom-
atic; sometimes chest drainage may be required.*®

PULMONARY FUNCTION TESTS

Pulmonary function tests (PFT) reveal decreased
forced vital capacity (FVC), total lung capacity (TLC),



Ozdemir Kumbasar

Pleuroparenchymal Fibroelastosis

and increased ratio of forced expiratory volume in
one second (FEV1) to FVC (FEV1/FVC). Residual
volume (RV) may relatively increase because of the
hyperinflation of lower lobes, air trapping, chest wall
restriction due to platythorax, and ratio of RV to total
lung capacity (RV/TLC) ratio may increase. Diffusion
capacity for carbon monoxide (DLco) is less decreased
than FVC. Relative preservation of DLco according
to FVC might be explained with less involvement of
lower lobes where blood perfusion is more, in addition
alveolar carbon monoxide uptake may be increased
because of extrapulmonary restriction.*82122.23

Interstitial lung diseases usually lead to gas ex-
change abnormalities resulting hypoxemia and hy-
pocapnia. Patients with ILD rarely have hypercapnia
even in advanced stages. But hypercapnia is a frequent
finding in patients with PPFE, and hypoxemia is less
prominent. Hypoxemia and hypercapnia may coexit in
advanced stages. The PCO, level is inversely correlat-
ed with FVC, flat chest index (the ratio of anteropos-
terior diameter to transverse diameter of the thoracic
cage) and BMI, and positively correlated with RV/
TLC ratio. High PCO, level is associated with poorer
prognosis.>>?

LABORATORY FINDINGS

There isn’t any specific diagnostic blood test for PPFE.
Elevated levels of surfactant protein D (SP-D) and
Krebs von der Lungen 6 (KL-6) may be found in pa-

tients with PPFE. These biomarkers are correlated with
diseae severity and prognosis in fibrotic ILDs.**

In patients with an underlying connective tissue dis-
ease, serological abnormalities related to their connec-
tive tissue diseases may be detected.>

RADIOLOGICAL FINDINGS

The diagnosis of PPFE can often be suspected on chest
x-ray. Chest x-ray shows apical thickening, subpleural
reticular densities in the upper lung areas, upward shift
of hilar structures due to progressive volume loss. In
advanced stages, consolidation and reticular opacities
extend adjacent lobes. Tracheal deviation may develop
(Figurel, 3a).+8:2122

Computed tomography (CT) findings are important,
both standart axial and coronal reconstruction images
should be evaluated. Typical CT findings are pleural
thickening, subpleural dense consolidation and reticu-
lations, dense fibrotic bands adjacent to pleura predom-
inantly localized in upper lobes. Traction bronchiecta-
sis and significant volume loss of upper lobes may be
found. Subpleural cysts may develop in advanced stag-
es. In some cases, a pattern of usual interstitial pneu-
monia (UIP), or inconsistent with UIP, less frequently
nonspecific interstitial pneumonia (NSIP) may coexit
in the lower lobes (Figure 2, 3b).42122.24

Deepening of the suprasternal notch is a physical
finding in patients with PPFE. In a study, the depth of

Figure 3. a) chest x-ray, b) coronal reconstruction image of thoracic CT scan of a patient with PPFE. The patient is a 47-year-
old female patient. Radiologically apical thickening, reticulations especially in the upper and middle lung areas are observed.
PFT results were as FVC:47%, FEV1:46%, FEV1/FVC:81%, DLco:60%
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the suprasternal notch was measured on CT of the pa-
tients with PPFE, IPF, chronic hypersensitivity pneu-
monitis and non ILD patients. The depth of the supra-
sternal notch effectively differentiated patients with
PPFE from other groups, and it was an independent
prognostic factor in patients with PPFE.?

PATHOLOGICAL FINDINGS

Pathological findings of PPFE are dense subpleural, in-
traalveolar fibrosis with the deposition of elastic fibers;
fibrous visceral pleural thickening, mild lymphocyt-
ic inflammation, fibroblastic foci (rare). Elastic fibers
randomly distributed in the extracellular matrix can be
confirmed by elastin specific stains. The lung parenchy-
ma far from pleura is usually preserved. The border be-
tween fibroelastosis and underlying normal parenchy-
ma is relatively abrupt; rare fibroblastic foci are noted
at the edge of the fibrosis. Bronchocentric intraalveolar
fibrosis is occasionally observed.”?2%

In a study with 12 patients, seven patients had his-
topathologically coexistent ILD in lower lobes, three of
them had usual interstitial pneumonia pattern.

DIAGNOSIS

The diagnosis of PPFE is based on a combination of
clinical, radiological, physiological and histopathologi-
cal findings. Histopathological findings are important;
but risk of relapsing pneumothorax, pleural compli-
cations and acute exacerbation of pulmonary fibrosis
limits the use of surgical biopsy.®

Reddy et al. proposed histopathological and radio-
logical criteria for diagnosis of PPFE (Table 1).2

Enomoto proposed diagnostic criteria without his-
topathological findings in 2017.%

1. “Radiological PPFE pattern on thoracic CT scan
(bilateral subpleural dense consolidation with
or without pleural thickening in the upper lobes
and less marked or no involvement of the lower
lobes-definite radiological crtiteria proposed by
Reddy et al).”

2. “Radiologic confirmation of disease progression
(defined as an increase in the upper lobe consoli-
dation with or without pleural thickening and/or a
decrease in upper lobe volume on serial radiologic
assessment)”

3. “Exclusion of other lung diseases with identifiable
causes (such as connective tissue disease-related
ILD, chronic hypersensitivity pneumonitis, pul-
monary sarcoidosis, pneumoconiosis, and active
pulmonary infection).”

In 2019 the Study Group on Diffuse Pulmonary
Disorders in Japan proposed more comprehensive di-
agnostic criteria for idiopathic PPFE (iPPFE). They
divided PPFE into four groups: 1-Definite iPPFE
(pathological confirmation is needed). 2-Radiological-
ly and physiologically probabale iPPFE. 3-Radiolog-
ically probable iPFFE. 4-Possible iPPFE. Physiologi-
cal criteria were RV/TLC percent predicted >115% or
BMI<20 and RV/TLC percent predicted 280%.*

Secondary causes of PPFE should be excluded in
patients with PPFE. Lung transplantation, bone mar-

Table 1. Proposed diagnostic criteria for PPFE.?

Pathology

CT

Definite with PPFE
by alveolar septal elastosis”

“Upper zone pleural fibrosis with subjacent
intraalveolar fibrosis accompanied

“Pleural thickening with associated subpleu-
ral fibrosis concentrated in the upper lobes,
with less marked or no lower lobe involve-
ment”

“Upper lobe pleural thickening with

Consistent with PPFE

“Intra-alveolar fibrosis present but not
associated with significant pleural fibrosis, not
predominantly beneath the pleura, or not in an
upper lobe biopsy”

associated subpleural fibrosis present but
distribution of these changes not concentrated
in the upper lobes or no features of coexistent
disease elsewhere”

Inconsistent with PPFE

“Absence of features of definite or consistent
diagnosis”

“Absence of features of definite or consistent
diagnosis”
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row or hematopoietic stem cell transplantation, radio-
therapy, chemotherapy history, and presence of con-
nective tissue disease should be investigated.*

Some patients may have genetic disorder. Genet-
ic testing may provide additional information beyond
radiological and pathological findings; and may avoid
unnecessary tests and invasive procedures. If telomere
biology disorders detected, genetic counseling should
be given; and this information might affect treatments
plans.’!

Differential diagnosis includes pulmonary apical
cap, fibrotic hypersensitivity pneumonitis, connective
tissue disease associated ILD, sarcoidosis, asbestosis,
infections (nontuberculous mycobacteria, pulmonary
aspergillosis). Apical caps occur in older smokers, and
typically asymptomatic and nonprogressive. Apical
cabs tend to be localised small mass lesions in the api-
ces of upper lobes.”?

DISEASE COURSE AND PROGNOSIS

Some patients may have involvement at the lung apex
long before the diagnosis and might be asymptomatic
during this period. The prediagnostic phase of PPFE
may be misdiagnosed as pulmonary apical cap on
short term observation.*

Survival of patients with iPPFE was found worse
than those of patients with IPF. Five years survival
rate for PPFE was 38.5%. Occurence of lung cancer
was lower in patients with PPFE, acute exacerbation
incidence was similar.** Most common cause of death
in patients with iPPFE is chronic respiratory failure.
Acute exacerbation and infection are other causes of
mortality.?> Chronic pulmonary infection with Asper-
gillus spp., nontuberculous mycobacteria, Pseudomo-
nas aeruginosa is associated poor prognosis.?!

Pneumothorax is a frequent complication during
the course of PPFE. Pneumothorax is often recurrent
and asymptomatic.** History of pneumothorax was
more common (more than three times) in patients with
PPFE among patients with ILD who were registered
for lung transplantation.®

Progressive weight loss, low BMI, rapid FVC de-
cline, pneumothorax, coexiting lower lobe fibrosis,
hypercapnia are associated with poor prognosis.*

Lung volume in different lobes can be quantita-

tively measured with 3D-CT. In a study standardized
lung volume was calculated by dividing the lung vol-
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ume measured with 3D-CT by the predicted FVC.
Patients with lower standardized upper lobe volume
had shorter survival time than those with higher stan-
dardized uppler lobe volume. Increased annual decline
of standardized upper lung volume was significantly
associated with mortality.*

MANAGEMENT

There is no curative and effective treatment for PPFE.
Low dose steroids may be used empirically, but its
effect isn’t known. High dose steroids or immuno-
suppressive agents is usually avoided because of in-
fection risk. Efficacy of antifibrotic agents remains

uncertain.*?

Effect of pirfenidone was retrospectively eval-
uvated in patients with “typical idiopathic pulmo-
nary fibrosis” (IPF-32 patients), or “usual interstitial
pneumonia+pleuroparenchymal fibroelastosis like le-
sions” (UIP+PPFELL-12 patients) or “usual intersti-
tial pneumonia + nonspecific interstitial pneumonia”
(UIP+NSIP-14 patients). Pirfenidone decreased FVC
decline in all three groups, but outcomes were worse
in patients with UIP+PPFELL. Overall survival was
shorter for “UIP+PPFELL” than for “UIP+NSIP” and
“typical IPF”.%

Nasser et al. evaluated the effect of nintedanib in
patients with PPFE. Nine (seven idiopathic, two sec-
ondary ) of 21 patients with PPFE had received nin-
tedanib. A slower FVC decline was observed in these
nine patients.”” On the other hand, in another retro-
spective study, annual %FVC decline in patients with
iPPFE was greater during nintedanib treatment than
that before treatment.*® Additionally weight loss due
to gastrointestinal side effects of antifibrotics may be
a problem for PPFE patients with low BMI.*

Psychological support and pulmonary rehabilita-
tion are important for supportive care methods, but
pneumothorax and pneumomediastinum may interrupt
exercise programs.*?

Oxygen therapy should be given to hypoxemic
patients, monitoring for hypercapnia is important.
Noninvasive positive pressure ventilation is adminis-
tered to hypercapnic patients with chronic respirato-
ry disease, but risk of pneumothorax limits the use of
positive pressure ventilation. High flow nasal oxygen
therapy may be an option for hypercapnic PPFE pa-
tients.*?

Low body weight and weight loss are poor prog-
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nostic factors, so nutrition is important for these pa-
tients. Nutritional therapy may help to prevent weight
loss and preserve lung function.®

Lung transplantation is only curative treatment
for patients with end stage interstitial lung diseases.
In patients with PPFE, severe malnutrition, chest de-
formities and recurrent pneumothorax may limit lung
transplantation. In a nation wide, multicenter study
from France, 31 patients who underwent lung or heart-
lung transplantation were evaluated. Lung transplan-
tation for PPFE caused high postoperative morbidity
and mortality rates. Patients requiring emergency lung
transplantation with advanced disease, malnutrition,
or critical clinical status had poor prognosis.*°

CASE ANALYSIS

Radiological findings of this young, nonsmoker fe-
male were compatible with PPFE. There was no etio-
logical agent or underlying disease. Therefore, it was
accepted as idiopathic PPFE. We didn’t plan biopsy,
because of penumothorax risk. Pulmonary function
tests (PFT) performed after resolution of pneumotho-
rax, PFT showed restrictive ventilatory impairment.
We planned low dose corticosteroid treatment and low
dose metoprolol for sinus tachycardia. Pulmonary re-
habilitation was started after the resolution of pneu-
mothorax.

Low dose steroid treatment didn’t work; we stopped
it. We continued low dose metoprolol. Three months
after diagnosis, oxygen desaturation during exercise
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ABSTRACT

Immunoglobulin G4-related disease (IgG4-RD) is a rare, systemic, immune-mediated, fibroinflamma-
tory disorder that can affect multiple organs. In recent years, thoracic involvement has been increas-
ingly recognized. The disease typically occurs in middle-aged and older men; in patients with thoracic
involvement, the diagnosis is most often established around 60 years of age. Concomitant extrathoracic
organ disease raises diagnostic suspicion. Thoracic involvement may encompass the lungs, mediastinal
and hilar lymph nodes, pleura, and airways, as well as vascular structures and the posterior medias-
tinum. The most frequent respiratory manifestations are nonspecific, including dyspnea, cough, and
chest pain, although some patients remain asymptomatic.

Diagnosis requires integration of clinical findings with imaging, serology, and histopathology. Imaging
features in thoracic IgG4-RD are non-pathognomonic and heterogeneous. Common radiologic findings
include mediastinal lymphadenopathy, pulmonary nodules, bronchovascular bundle thickening, and
pleural abnormalities. Serologically, elevated serum IgG4 concentrations (typically =135 mg/dL) and
increased circulating plasmablast counts (>900/mL) are characteristic; however, normal serum 1gG4
does not exclude the diagnosis. The distinctive histopathologic and immunohistochemical hallmarks
include a dense lymphoplasmacytic infiltrate, storiform-pattern fibrosis, obliterative phlebitis or arteri-
tis, and an increased 1gG4+/IgG+ plasma-cell ratio (>40%), together with high tissue counts of IgG4+
plasma cells. Although thresholds vary by organ, for pulmonary and pleural disease the recommended
cutoffs are >50 IgG4+ cells per high-power field (HPF) in surgical biopsies and >20 cells/HPF in
nonsurgical biopsies.

Treatment is indicated for symptomatic thoracic disease; asymptomatic individuals (such as those with
isolated mediastinal lymphadenopathy or incidentally detected small lung nodules) may be managed
with close surveillance. Corticosteroids remain first-line therapy, whereas rituximab or inebilizumab
are effective options for refractory or steroid-dependent cases. Although initial therapeutic responses
are often robust, relapses are common, underscoring the need for structured, long-term follow-up that
includes clinical and laboratory assessment and interval imaging when appropriate. In the diagnostic
workup of IgG4-RD, exclusion of alternative diagnoses is fundamental. Accordingly, multidisciplinary
evaluation improves diagnostic accuracy, excludes mimickers, and guides early treatment planning.
Future research should focus on refining diagnostic criteria, identifying prognostic biomarkers, and
developing targeted, durable therapies for IgG4-RD with thoracic involvement.

Keywords: Immunoglobulin G4-related disease; Rare interstitial lung diseases; Thoracic diseases

OZET

Immiinoglobulin G4 iligkili hastalik (IgG4 IH), birden fazla organi etkileyebilen sistemik, immiin ara-
cili, fibroinflamatuvar nadir bir hastaliktir. Son yillarda torasik tutulum giderek daha fazla taninmak-
tadir. Hastalik genellikle orta ve ileri yas erkeklerde gorulur; torasik tutulumu olan IgG4 IH nin tanisi
siklikla 60 yas civarinda konur. Toraks dist organ tutulumunun eslik etmesi tanisal supheyi artirir. Tora-
sik tutulum akcigerleri, mediastinal lenf dugtimlerini, plevray1 ve hava yollarini, ayrica vaskiler yapi-
lar ile posterior mediasten dokularini icerebilir. Bu tutulum sonucunda en sik dispne, oksuruk ve gogiis
agrisi gibi spesifik olmayan solunumsal semptomlar gelisir; ancak bazi hastalar asemptomatik olabilir.

Tan, klinik bulgularin goruntuleme, seroloji ve histopatoloji ile entegrasyonuna dayanir. Torasik tutu-
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lumu olan IgG4 IH’de goruntileme bulgulari patognomonik degildir ve degiskenlik gosterir. En sik saptanan radyolojik bulgular mediastinal ve
hiler lenfadenopati, pulmoner nodiiller, bronkovaskiiler kalinlagma ve plevral anormalliklerdir. Serolojik olarak, yiiksek serum IgG4 duizeyleri
(genellikle =135 mg/dL) ve artmis dolagimdaki plazmablast sayilar1 (>900/mL) karakteristiktir; bununla birlikte, serum IgG4 duzeylerinin
normal olmasi hastalig1 dislamaz. IgG4 IH’nin ayirt edici histopatolojik ve immunohistokimyasal ozellikleri arasinda yogun lenfoplazmasitik
infiltrasyon, storiform paternli fibrozis, obliteratif flebit veya arterit ve IgG4+/IgG+ plazma hiicre oraninda artis (> %40) ile yuksek 1gG4+
plazma hiicresi sayilart yer alir. Esikler organa gore degismekle birlikte, pulmoner ve plevral tutulumda onerilen esikler cerrahi biyopsiler i¢in
>50 huicre/yuksek bitytitme alani (BBA) ve cerrahi dis1 biyopsiler i¢in >20 huicre/BBA’dir.

Semptomatik torasik tutulumda tedavi endikedir; izole mediastinal lenfadenopati veya tesadufen saptanmis kiiciik akciger nodilleri gibi asemp-
tomatik olgular yakin izlemle yonetilebilir. Kortikosteroidler birinci basamak tedavidir; refrakter veya steroide bagimli olgularda rituksimab ya
da inebilizumab etkili segeneklerdir. Baglangi¢ tedavi yanitlar1 yuksek olmakla birlikte relaps siktir, bu durum duzenli takip gerekliligini ortaya
koymaktadir. IgG4 IH tanisinda oncelikle ayirict tanidaki hastaliklarin diglanmasi esastir. Bu nedenle multidisipliner degerlendirme tanisal
dogrulugu artirir ve erken tedavi planlamasini yonlendirir. Gelecekteki arastirmalar, tanisal kriterlerin gelistirilmesi, prognostik belirteclerin
tanimlanmasi ve torasik tutulumu olan IgG4 IH i¢in hedefe yonelik, kalici tedavilerin gelistirilmesine odaklanmalidir.

Anahtar Kelimeler: Inmunoglobulin G4-related disease; Rare interstitial lung diseases; Thoracic diseases

CASE PRESENTATION rate (ESR), and polyclonal gammopathy. Despite

initial suspicion of lymphoma, histopathological and
A 69-year-old woman presented with dyspnea and

productive cough. Radiological imaging revealed
diffuse lymphadenopathy, a left hilar mass, pleural
and pericardial effusions, and gastric wall thickening

clinical findings supported systemic immunoglobulin
G4-related disease (IgG4-RD). Immunosuppressive
treatment was planned.

(Figure 1-3). '8F-fluorodeoxyglucose positron emis-
sion tomography (‘®*F-FDG PET) showed multiple

INTRODUCTION

FDG-avid lymph nodes and a hypermetabolic gastric Immunoglobulin G4-related disease is a systemic, im-
lesion. Inguinal lymph node and nasopharyngeal bi- mune-mediated fibroinflammatory disorder affecting
opsies showed plasma cell-rich chronic inflammation multiple organs.'? Most frequently effected organs
with increased IgG4-positive plasma cells. Laboratory are pancreas, biliary tree, orbits, lacrimal and major
findings included hypergammaglobulinemia, border- salivary glands, aorta and retroperitoneum, lungs, kid-

line IgG4 elevation, high erythrocyte sedimentation neys, meninges, and thyroid gland.** IgG4-RD man-

Figure 1. PA Chest radiography showed left sided pleural pathology.
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Figure 2. Thoracic CT showed parenchymal infitration and pleural effusion.

Figure 3. Thoracic CT showed mediastinal lymph nodes and pleural effusion.

ifests as a subacute mass in the affected organ or as
diffuse enlargement of the organ, which may present
in a synchronous or metachronous manner.>#¢ The
number of studies specifically investigating thorac-
ic involvement remains limited. IgG4-RD can affect

any thoracic organ, including the lungs, pleura, lymph

nodes, mediastinum, vascular structures, heart, poste-
rior mediastinum, and even bones.”?

PATHOGENESIS

The pathogenesis of IgG4-RD remains incompletely
understood. IgG4, which comprises approximately
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4-6% of total IgG, is notable for its relatively low in-
flammatory activity due to its poor capacity to bind
activating Fc receptors and fix complement.® Initially,
it was presumed that patients with IgG4-RD invari-
ably exhibited elevated serum IgG4 levels; however,
subsequent investigations revealed that approximately
30 percent of these patients maintain normal serum
IgG4 concentrations.!® Furthermore, patients with oth-
er conditions characterized by raised serum IgG4 con-
centrations, such as IgG4 myeloma, typically lack the
hallmark features of IgG4-RD.!!

Recent studies have identified oligoclonal ex-
pansions of activated B cells and cytotoxic CD4+ T
cells as central contributors in IgG4-RD."* 1gG4+
plasma blasts display pronounced oligoclonality and
extensive somatic hypermutations, reflecting acti-
vation driven by T-cell signals." T follicular helper
(Tth) cells, primarily the Tfh2 subset, produce IL-4,
facilitating class-switching to IgG4.!5 Additionally,
IL-10-producing follicular T regulatory cells further
support IgG4 production and align with disease sever-
ity and organ involvement.'¢

Fibrosis in IgG4-RD is caused by multiple inter-
actions between activated B cells, CD4+ cytotoxic T
lymphocytes, M2 macrophages and fibroblasts.'” By
presenting antigens, activated B cells induce CD4+ T
cells to adopt a cytotoxic phenotype (release of perfo-
rin and granzyme), leading to apoptosis.'®* M2 macro-
phages (activated by transforming growth factor-beta
[TGF-]) clear apoptotic cells though efferocytosis."
Multiple immune cells converge on fibroblasts by re-
leasing platelet-derived growth factor (PDGF) from
B cells, IL-1B, TGF-p, and interferon gamma (IFN-y)
from CD4+ cytotoxic T lymphocytes, and IL-10,
CC-chemokine 18, and IL-33 from M2 macrophages,
which collectively stimulate fibroblast activation
and further fibrosis.> The space created by apoptotic
cell death leads to tissue remodeling and fibrosis, tu-
mor-like masses and organ enlargement. These chang-
es are histopathologically seen as lymphoplasmacytic
infiltrate and storiform fibrosis. Regulatory T cells
secrete IL-10, IFN-y and TGF-f, which can increase
B-cell IgG4 production and supports fibrosis develop-
ment.” Genetic factors increase susceptibility, but the
mechanism has not been explained.?!

EPIDEMIOLOGY

Epidemiological data on IgG4-RD remain limited. Ret-

rospective evaluations are difficult and incomplete as
the diagnosis usually requires pathological confirma-
tion and clinicopathological correlation.” According
to Japanese data, the estimated incidence ranges from
0.28 to 1.08 per 100,000.* Another US-based study re-
ported the total incidence of IgG4-RD to be between
0.78 and 1.39 cases per 100,000 annually, with a prev-
alence of 5.3 per 100,000 individuals.”? However, the
prevalence of IgG4-RD is thought to be increasing with
better recognition of the disease.?*

Immunoglobulin G4-RD is more frequently diag-
nosed among middle-aged and older males. The ma-
jority of patients were males and 90% were diagnosed
after the age of 40 years.>**28 Typical onset after age
50, coupled with a higher prevalence in men, is unusual
for an autoimmune disease. The male-to-female ratio
and age at onset may vary depending on the primary
organ affected at presentation.? In the Japanese study,
the mean age at diagnosis was 58 years, and the male-
to-female ratio was 1:0.77.22 Analysis of data from
two international cross-sectional studies has showed
that being Asian or female may predispose individuals
to head and neck-limited disease.?”

Similar to IgG4-RD, thoracic involvement occurs
predominantly in middle-aged to elderly men, typically
diagnosed at approximately 60 years of age.”* Previ-
ously published data suggest that thoracic involvement
may be seen in anywhere between 10 and 50% of pa-
tients.*® However, the lower frequency of involvement
in some reports may be because they do not include
mediastinal and airway manifestations. Lung involve-
ment has been reported in approximately 18-23% of
patients.*?! The majority of patients with intrathoracic
involvement also exhibit extrathoracic manifestations.
A Japanese study of 4,304 patients estimated that iso-
lated lung involvement occurred in 8% of cases.*

CLINICAL MANIFESTATIONS

It is difficult to diagnose patients with IgG4-RD who
lack specific symptoms. Several studies have identi-
fied IgG4-related respiratory disease, which may be
asymptomatic or present with dyspnea, cough, hemop-
tysis, chest pain or pleurisy.!®!?** In a recent study, 48
patients with thoracic involvement were evaluated,
of whom 14 exhibited respiratory symptoms such as
wheezing (64%), cough (21%), thoracic pain (14%)
and dyspnea (14%).%* Fever is an atypical symptom
of IgG4-RD and is an exclusion criterion in the 2019
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American College of Rheumatology (ACR) and Euro-
pean Alliance of Associations for Rheumatology (EU-
LAR) classification.’

RADIOLOGICAL FINDINGS

No imaging features are pathognomonic for 1gG4-
RD, and radiological appearances alone are insuf-
ficient to differentiate IgG4-RD from alternative di-
agnoses.'® Chest computed tomography (CT) scan is
the most commonly employed imaging modality for
assessing thoracic involvement in IgG4-RD. Inoue et
al. classified four distinct lung involvement patterns
based on predominant thoracic CT findings: (1) a solid
nodular pattern (multiple solid nodules), (2) a round-
shaped ground- glass opacity (GGO) pattern (multi-
ple GGO lesions), (3) an alveolar-interstitial pattern
(septal thickening, honeycombing, reticulations, or
architectural distortion), and (4) a bronchovascular
pattern (bronchiolitis, consolidation, peribronchovas-
cular thickening or mucoid impaction).'® Lymph node
involvement (bilateral mediastinal), pleural disease
(thickening or effusion) and posterior mediastinal pat-
terns (fibrosis) were included, defining seven distinct
patterns of thoracic involvement.® A recent systemat-
ic review of 18 studies reported that the predominant
CT findings of thoracic involvement were mediasti-
nal lymphadenopathy (48.8%), pulmonary nodules
(39.6%), and bronchovascular thickening (22.3%).%
If assessed according to the defined classification,
the second most common finding is bronchovascular
changes.*

Parenchymal involvement of the lung in IgG4-
RD is manifesting as one or more focal opacities that
may mimic neoplasms.'>3* Parenchymal lesions typi-
cally demonstrate increased uptake on 18F-FDG PET
imaging, however, in IgG4-RD such uptake usually
represents benign lymphoplasmacytic inflammation.*
Although IgG4-RD is characterized by both fibrotic
and inflammatory processes, a systematic review of
this condition reported that interstitial lung disease
was present in only 9.4% of definitively diagnosed
cases.”

Mediastinal involvement in IgG4-RD common-
ly presents as bilateral mediastinal lymphadenopa-
thy, often accompanied by hilar node enlargement."
Lymph nodes are generally well-defined and < 2 cm
in diameter, although larger nodes up to 5 cm have
been reported.*® Mediastinal lymphadenopathy can
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occasionally be the initial or only radiological mani-
festation of IgG4-RD.!° Posterior mediastinal involve-
ment in IgG4-RD has been observed in around 3-6%
of cases.!'"%323¢ Posterior mediastinal infiltration or
fibrotic involvement may result in vascular narrowing
or stenosis.

Pleural involvement in IgG4-RD has been reported
in approximately 8-15% of cases, with pleural mani-
festations including diffuse or nodular pleural thick-
ening with occasional exudative effusions,!!-30-32:3336
Histopathologically, these correspond to a fibrinous
pleuritis that can progress to pleural fibrosis and lung
entrapment if untreated.’” Kasashima et al. reported
that pleural effusion is the most frequent manifesta-
tion of pleural involvement in IgG4-RD, with histo-
pathologically marked eosinophilic infiltration and
abundant IgG4+ plasma cells.?®

IgG4-RD pulmonary vascular disease; uncom-
monly lymphoplasmacytic infiltration of pulmonary
arterial walls may lead to pulmonary hypertension
that can mimic chronic thromboembolism or idiopath-
ic pulmonary arterial hypertension.*

Airway involvement in IgG4-RD is another un-
common manifestation, with lymphoplasmacytic in-
filtration and fibrotic remodeling potentially causing
airway stenosis, leading to atelectasis or asthma-like
symptoms.''#! Symptoms indicative of asthma or al-
lergic conditions are observed in approximately 40%
of patients.!°

Corcoran et al. developed classification criteria
to distinguish the role of the disease in thoracic le-
sions attributable to IgG4-RD.* According to this di-
agnostic criteria, thoracic involvement in IgG4-RD is
classified into four categories: definite (confirmed by
histopathologically), highly probable (characteristic
imaging features, absence of alternative diagnoses,
and documented clinical improvement with targeted
therapy), probable (typical imaging findings without
alternative explanations, but lacking therapeutic con-
firmation), and possible (radiological findings consis-
tent with IgG4-RD, although a plausible alternative
cause exists). Additionally, even in the absence of bi-
opsy or evaluation of therapeutic response, the coex-
istence of two or more characteristic thoracic imaging
patterns in a single patient may indicate IgG4-RD.*

LABORATORY AND PULMONARY FUNCTION TESTS

In IgG4-RD, no single biomarker has been definitive-
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ly established for diagnosis.'® However, serum IgG4
levels and the enumeration of circulating plasmablasts
are the most informative indicators, particularly when
integrated with clinical, radiologic, and histopatho-
logic data.!! Although the 2019 ACR-EULAR criteria
highlight an elevated serum IgG4 concentration (>135
mg/dL), which is detected in approximately two-thirds
of patients, as an important diagnostic indicator, the
optimal cut-off value for diagnosing IgG4-RD remains
uncertain.”'? In patients with multi-organ involvement,
IgG4 concentrations often increase, and extremely el-
evated serum IgG4 values (e.g., >5 g/L) have been
associated with higher diagnostic specificity.*> How-
ever, markedly elevated serum IgG4 concentrations
do not exclude alternative diagnoses.!® In an analysis
of 32,206 cases, 191 patients had serum IgG4 levels
greater than five times the upper limit of normal, and
25% of these individuals were ultimately diagnosed
with other conditions, including malignancies, infec-
tions, and other autoimmune diseases.** Additionally,
low serum IgG4 measurements that can occur in pa-
tients with markedly elevated IgG4 concentrations.10
In one analysis, 10 of 38 individuals with IgG4-RD
had falsely low serum IgG4 levels attributable to this
phenomenon.* It should be recognized that serum
IgG4 concentrations are influenced by several factors,
including ethnic background, organ involvement, and
disease severity.*'* Although some investigators have
advocated using the serum IgG4-to-IgG ratio to refine
diagnostic accuracy in IgG4-RD, subsequent evalua-
tions suggest that this measure provides no discernible

advantage over serum IgG4 concentration alone.*¢

Flow cytometric detection of circulating plasmab-
lasts at a cut-off exceeding 900 cells per mL has
emerged as a useful biomarker for IgG4-RD.*
some patients with active IgG4-RD, plasmablast

In

counts are high even when serum IgG4 levels are nor-
mal, suggesting that monitoring these cells could be
useful as an additional biomarker and enhance exist-
ing diagnostics and assessment of disease activity.*-°
In addition to serum IgG4 and circulating plasmablast
counts, several biological markers have been identi-
fied. These include elevated ESR or C-reactive pro-
tein (CRP), polyclonal hypergammaglobulinaemia
(total serum IgG levels >1800 mg/dL, with elevated
IgG subclasses and IgE), and hypocomplementaemia
(low serum levels of C3 <86 mg/dL and C4 <17 mg/
dL).10:11.21.28

Most patients with thoracic involvement in IgG4-
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RD exhibit elevated serum IgG4 concentrations, re-
ported in approximately 80-85% of cases.>'** Co-oc-
currence of asthma, moderate hypereosinophilia, and
elevated IgE levels is relatively common and asso-
ciated with an increased risk of disease relapse, but
pronounced hypereosinophilia is an exclusion crite-
rion for IgG4-RD under the ACR-EULAR classifica-
tion criteria. These serological abnormalities can aid
in differentiating thoracic involvement in IgG4-RD
from other pulmonary pathologies; for example, an
unexplained lung nodule or pleural effusion accom-
panied by an elevated serum IgG4 (with normal tumor
markers) strongly suggests IgG4-RD.>> Nonetheless,
no laboratory finding is pathognomonic, and defin-
itive diagnosis of thoracic involvement in IgG4-RD
requires correlation of serology with characteristic im-
aging and histopathological features.*

Pulmonary function tests in IgG4-RD most often
reflect a restrictive pattern or near-normal spirome-
try. 4053

In a study diffusing capacity of the lung for carbon

Obstructive abnormalities are less common.>?

monoxide per liter of alveolar volume was found to be
pivotal in detecting pulmonary involvement.>*

HISTOPATHOLOGY OF THORACIC LESIONS

The histological triad of IgG4-RD consists of: (1)
a dense lymphoplasmacytic infiltrate rich in IgG4+
plasma cells, (2) a storiform (whorled) pattern of fi-
brosis, and (3) obliterative phlebitis (venous oblit-
eration by inflammatory fibrosis).”® Verification of
abundant IgG4+ plasma cells in tissue is essential.®’
Additionally, measurement of the IgG4+/IgG+ plasma
cell ratio is recommended, with a ratio greater than
40% generally considered abnormal.>®8

Histopathological features associated with
IgG4-RD lack specificity; therefore, a probabili-
ty-based histological classification has been proposed,
categorizing findings into three groups: histologically
highly suggestive of IgG4-RD (presence of at least
two of the three characteristic features), probable his-
tological features of IgG4-RD (presence of only one
feature), and insufficient histopathological evidence
(absence of characteristic features).® The 2019 ACR/
EULAR classification criteria assign progressive-
ly higher scores based on specific histopathological
findings: a dense lymphoplasmacytic infiltrate carries
the lowest score, the presence of obliterative phlebitis

increases this scoring further, and storiform fibrosis,
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regardless of the presence of phlebitis, contributes the
highest weight to classification.? Additionally, im-
munohistochemical findings, including assessment of
IgG4+ plasma cells per high-power field (hpf) and the
IgG4+/1gG+ plasma cell ratio, contribute further to
the classification criteria.”

In pulmonary manifestations of IgG4-RD, infil-
tration by IgG4+ plasma cells is commonly observed,
but characteristic storiform fibrosis may be absent on
histopathological examination.>>’ Additionally, neu-
trophilic aggregates, which are generally uncommon
in IgG4-RD lesions from other organs, can occasion-
ally be detected in lung tissue.* In the lungs, IgG4-RD
produces a diffuse lymphoplasmacytic infiltrate with
fibrosis and occasional eosinophils, often distributed
in a lymphangitic pattern (along the bronchovascular
bundles/septa, resulting in thickening of the bronchi-
al walls and surrounding tissue).? A notable feature
of IgG4-related lung lesions is obliterative arteritis,
characterized by lymphoplasmacytic inflammation
of small arteries resulting in luminal obliteration.*¢
Unlike most other affected organs, in the lung, oblit-
erative arteritis predominates over obliterative phle-
bitis.!"*® For pulmonary and pleural involvement, the
consensus statement recommends thresholds of IgG4+
plasma cells>50 cells/hpf for surgical biopsies and
IgG4+ plasma cells >20 cells / hpf for nonsurgical bi-
opsies.” For both biopsy types, the [gG4+/IgG+ plas-
ma cell ratio should be >40%, in accordance with the
consensus statement.*

Five histopathological patterns of IgG4-RD
lymph nodes have been described:> (1) multicentric
Castleman disease-like, (2) reactive follicular hyper-
plasia, (3) interfollicular expansion, (4) progressive
transformation of germinal centers, and (5) inflam-
matory pseudotumor-like changes. The most com-
mon findings are reactive follicular hyperplasia and
interfollicular plasmacytosis, which are relatively
non-specific. The pseudotumour-like pattern (with
focal fibrosis) is least common but more suggestive
of 1gG4-RD.® Storiform fibrosis is usually absent in
IgG4-related lymphadenopathy (except focally in the
pseudotumour form), and obliterative phlebitis is rare
in lymph nodes.!'*° In lymphadenopathy, the diagnos-
tic threshold for IgG4+ plasma cells is defined as >50
cells/hpf. However, given the infrequent presence of
key histopathological features such as storiform fibro-
sis and obliterative phlebitis, combined with the lim-
ited specificity of elevated IgG4+ plasma cell counts,
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lymph node biopsy alone should not be considered
definitive for diagnosing IgG4-RD. Nonetheless, bi-
opsy of lymph nodes remains valuable for ruling out
alternative diagnoses, particularly lymphoma or infec-
tions.!” IgG4-RD may be mistaken for sarcoidosis in
patients presenting with bilateral hilar lymphadenopa-
thy.5!62 Moreover, significantly elevated IgG4 concen-
trations and increased IgG4/IgG and IgG4/1gG3 ratios
detected in bronchoalveolar lavage fluid from patients
with IgG4-RD could aid in the differential diagnosis
between these two conditions.®!

IgG4-related pleural disease is uncommon;
notably, the characteristic storiform fibrosis and ob-
literative phlebitis may be subtle or absent in pleural
involvement.®® Pleural biopsies typically show a thick
fibroinflammatory tissue with dense lymphoplasma-
cytic infiltration enriched in IgG4-positive plasma
cells and varying degrees of fibrosis.** Other fibrosing
pleuritis etiologies such as tuberculosis, rheumatoid
pleurisy, or empyema-associated fibrosis generally
lack this IgG4+ predominance. Diagnosis therefore
depends on identifying IgG4+ plasma cell-rich fibro-
sis and excluding alternative etiologies.*%

In the mediastinum, histopathology of lesions usu-
ally exhibit the full triad of IgG4-RD.® These features
resemble IgG4-RD in other organs but are not pathog-
nomonic, also occurring in conditions such as histo-
plasmosis or granulomatous fibrosing mediastinitis.

DIAGNOSIS

Suspicion of thoracic involvement in IgG4-RD is es-
sential for a certain diagnosis, and occurs in the situa-
tions given below:

1. Clinical Presentation:

* Constitutional symptoms: Fatigue, weight loss
(substantial in IgG4-related autoimmune pan-
creatitis mild in other cases), unexplained fever
(atypical, exclusion criterion in ACR/EULAR
criteria).’

* Respiratory symptoms: May be asymptomatic
or vary according to lesion location; common
symptoms include wheezing, cough, thoracic
pain and dyspnea.!0-11:2¢

2. Laboratory Indicators:
¢ Two key markers for diagnosis are:

* Elevated serum IgG4 levels (>135 mg/
dL): Normal levels do not exclude the dis-
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ease, but very high serum IgG4 levels are 4. Extra-thoracic Assessment:
associated with higher diagnostic specifici- ¢ Clinical evaluation: Careful assessment for
ty. According to the ACR/EULAR classifi- extra-thoracic involvement, with particular
cation criteria, higher serum IgG4 concen- attention to idiopathic pancreatitis, cholangi-
trations correspond to increased diagnostic tis with fibrosis, symmetrical enlargement of
scores.”’ salivary or lacrimal glands, fibrosis of the ret-
e Increased circulating plasmablasts (>900/ roperitoneum, orbital inflammatory lesions or
mL).* protrusion, and unexplained masses involving

pancreas, biliary tract, kidneys, orbits, and ma-
jor salivary and lacrimal glands.”®
* Whole-body imaging: Whole-body CT or
18F-FDG PET/CT."

* Nonspecific laboratory abnormalities are:

e Peripheral eosinophilia (>3000 cells/mm3
suggests alternative diagnoses such as hy-
pereosinophilic syndrome, antineutrophil

cytoplasmic antibody (ANCA) vasculitis, e Laboratory evaluation: Renal and hepatic

or allergic bronchopulmonary aspergillosis, function tests, assessment for proteinuria.'

and is an exclusion criterion per ACR/EU- 5. Histopathological Confirmation:

LAR criteria).” e Characteristic histopathologic and immunos-
¢ Hypergammaglobulinemia (total serum taining features.>>%

IgG >1800 mg/dL; often accompanied by ¢ Dense lymphoplasmacytic infiltrates

1 IgG2 IgE IgA

clevated IgG2 and IgE, and decreased Ig e Storiform pattern of fibrosis

levels).!o!

H | temia.?! * Obliterative phlebitis or arteritis
* Hypocomplementemia.

Mildly elevated CRP and ESR e Elevated IgG4+/IgG+ plasma cell ratio
. ildly elevate an .

(>40%) or elevated IgG4+ plasma cell

3. Radiological Findings: counts per hpf (threshold varies by organ;

According to current literature, the radiological for pulmonary and pleural involvement,
manifestations of thoracic IgG4-RD are summarised >50 cells/hpf for surgical biopsies and >20
in Table 1. cells/hpf for nonsurgical biopsies)

Table 1. Radiological manifestations in thoracic IgG4-RD.

Common manifestations

Lymph nodes: Mediastinal and hilar lymphadenopathy, typically well-defined, usually <2 cm but occasionally up to 5 cm.
Nodes may show fibrosis, often with multiple enlarged lymph nodes.

Lung: Four characteristic CT patterns-solid nodular, bronchovascular (thickening of bronchovascular bundles and
interlobular septa), alveolar-interstitial (diffuse ground-glass opacities, bronchiectasis, honeycombing), and round-shaped
ground-glass opacities. Pulmonary nodules and bronchovascular thickening are the most observed findings.

Pleura: Pleural thickening (nodular or diffuse), occasionally associated with pleural effusion and fibrosis.

Uncommon manifestations

Pulmonary vessels: Pulmonary arterial infiltration or fibrosis, potentially causing pulmonary hypertension.

Airways: Airway wall infiltration or fibrosis, potentially resulting in narrowing, atelectasis, or asthma-like symptoms.

Posterior mediastinum: Fibrosis or infiltrative lesions in the posterior mediastinum, potentially causing vascular compression
or Stenosis.

Other: Involvement of the thoracic aorta, heart (coronary artery stenosis, valvular abnormalities, myocardial/pericardial
involvement), and bones (bone erosions adjacent to pseudotumors).

IgG4-RD: Immunoglobulin G4-related disease, CT: Computed tomography, GGO: Ground-glass opacity.
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6. Rule out Alternative Diagnoses: Consider differ-
ential diagnoses based on clinical context, serum
IgG4 levels, plasmablast counts, and histopatho-
logical features.

Final Diagnosis: Confirm thoracic IgG4-RD
based on integrated clinical, radiological, laboratory,
and histopathological evidence.®’

TREATMENT

Treatment is recommended for symptomatic thoracic
IgG4-RD. Asymptomatic individuals, such as those
with isolated chest lymphadenopathy, or incidental-
ly detected lung nodules may not require immediate
intervention. Early-stage disease that initially appears
non-progressive necessitating regular monitoring. In
these cases, a policy of watchful waiting may be ap-
propriate, with intervals of at least 6 months provid-
ed patients remain asymptomatic.®® In other instances,
management of thoracic manifestations of IgG4-related
disease primarily involves immunosuppressive treat-
ment regimens.

Current international consensus suggests glucocor-
ticoids as first-line therapy, typically oral prednisone
at a dosage of 0.6 mg/kg/day.® Efficacy is usually ob-
served within the first 2-4 weeks of treatment; many
patients respond even earlier.”” Some authors have pro-
posed initiating prednisone at 0.6 mg/kg daily for 2-4
weeks, followed by dose reductions of 10 mg every 2
weeks until a daily dose of 20 mg is reached, and sub-
sequently tapering by 5 mg every 2 weeks, aiming to
discontinue prednisone within 3-6 months.® Steroid
non-responsiveness is rare (<5%) and suggests an al-
ternative diagnosis. Conversely, relapses following
corticosteroid tapering are frequently observed, with
reported recurrence rates ranging from 60% to 80%
among patients.”!

Patients with inadequate response to glucocorti-
coids commonly experience disease flares when dos-
es are reduced below 10-15 mg/day of prednisone or
equivalent.® Therefore, in selected patients exhibiting
extensive disease involvement (such as involvement of
three or more organs) or markedly elevated serum IgG4
levels (exceeding five-fold the upper normal thresh-
old), initiating combination therapy comprising gluco-
corticoids and rituximab may be appropriate.®®

Patients demonstrating steroid dependence might

benefit from adjunctive immunosuppressive therapy
to mitigate adverse effects associated with prolonged
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corticosteroid exposure. Alternatively, maintaining pa-
tients on minimal corticosteroid dosages (e.g., approxi-
mately 5 mg/day) could be necessary, given its efficacy
in reducing relapse risk relative to placebo.”

In patients who show resistance to glucocorticoid
therapy or who cannot sufficiently reduce their predni-
sone dose (typically below 5 mg/day), rituximab (1 g
intravenously every 15 days, two doses in total) or ine-
bilizumab (300 mg intravenously every 15 days, two
doses in total) could be considered.®®> A meta-analysis
evaluating rituximab treatment outcomes in I[gG4-relat-
ed disease reported an aggregated complete response
rate of 88.9% at six months, with relapse occurring in
approximately 21% of patients.” Regular maintenance
therapy (dose of 1 g every 6 months) can prevent late
relapses but may result in secondary hypogammaglob-
ulinemia and respiratory infections.” Inebilizumab
was U.S. Food and Drug Administration approved for
IgG4-RD based on a randomized trial of 135 patients
assigned to inebilizumab (300 mg IV on days 1, 15,
and week 26) or placebo.” At 52 weeks, flares were
significantly lower with inebilizumab (10%) than pla-
cebo (60%), and more patients achieved flare-free,
glucocorticoid-free complete remission.”

Conventional immunosuppressive agents such as
azathioprine, mycophenolate mofetil, ciclosporin, and
methotrexate, show limited efficacy in inducing remis-
sion but are beneficial for steroid-sparing purposes.®
If rituximab therapy is contraindicated or otherwise
not feasible, alternative immunosuppressive agents
such as mycophenolate mofetil (up to a maximum
tolerated dose of 2.5 g/day) or azathioprine (approx-
imately 2 mg/kg per day) represent suitable options.®®
Multiple clinical trials are currently underway, aiming
to elucidate optimal therapeutic strategies for IgG4-re-
lated disease.’?%®

PROGNOSIS AND FOLLOW-UP

Clinical and laboratory evaluations are recommend-
ed every 3-6 months for stable, treated patients, and
more frequently for active disease cases.68 Essential
monitoring parameters include complete blood count,
biochemical profile, IgG subclass concentrations (par-
ticularly IgG4), baseline IgE levels, and complement
components C3 and C4 when these have correlated
with disease activity.'>**%® Baseline elevations in se-
rum IgG4, IgE, and eosinophil counts predict a higher
relapse risk.%®
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Periodic imaging (every 6-12 months) may be in-
dicated for patients whose disease activity cannot be
fully assessed by clinical and laboratory parameters
alone.!*® CT alone might not reliably differentiate ac-
tive disease from residual fibrosis, and supplemental
18F-FDG PET/CT may offer additional insights.”’¢

The IgG4-RD responder index, a recently intro-
duced assessment tool, has demonstrated promising
reliability in evaluating comprehensive disease activ-
ity and associated organ damage.”” Disease activity
across 14 organs is graded on a scale from O to 4, in-
corporating evaluations of organ-specific damage se-
verity, sequelae, and serum IgG4 concentrations. Tho-
racic involvement specifically includes assessments of
the lung, lymphadenopathy, large vessels (including
the aorta), and mediastinum.”” This scoring system is
increasingly utilized in randomized clinical trials to
systematically evaluate therapeutic responses and lon-
gitudinal disease monitoring.*’

The potential association between IgG4-RD and
an elevated risk of malignancy warrants further inves-
tigation through rigorous prospective studies. While
some studies indicate a higher cancer risk in IgG4-
RD, others have not confirmed this association.”®#!
Additionally, a history of malignancy may predispose
individuals to IgG4-RD.%® A recent meta-analysis re-
ported increased risks specifically for pancreatic can-
cer and lymphoma, but not for respiratory or gastric

malignancies.?
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RARE INTERSTITIAL LUNG DISEASES IN
MEDICAL AND POSTGRADUATE EDUCATION

TIP EGITIMI VE MEZUNIVET SONRASI EGITIMDE
NADIR INTERSTISYEL AKCIGER HASTALIKLARI

ABSTRACT

Rare interstitial lung diseases (ILDs) are often not adequately covered in medical education due to their
low prevalence, yet they create major challenges for patients and healthcare providers. Many physi-
cians may first encounter these diseases in clinical settings without having received proper training,
which can lead to delayed diagnoses and negative impacts on patients. Educational programs often
include rare ILDs under broader topics, without focusing on their specific features. New methods such
as telemedicine, pre-recorded patient-physician video consultations, and narrative medicine can help
improve awareness, diagnostic thinking, and empathy. Involving patients directly in educational activ-
ities also supports better understanding. International organizations and patient foundations contribute
valuable resources and training programs. Strengthening education on rare ILDs will help future doc-
tors recognize these diseases earlier and provide better care. Practical, focused, and patient-centered
approaches are essential to improve outcomes for patients with rare ILDs and to close existing gaps in
medical training.

The educational framework for rare ILDs is shaped by the educators’ interests and experiences, as well
as the institutions’ available resources. However, at the very least, basic knowledge is mandatory for
any doctor who is guiding patients in managing rare ILDs or other health conditions. Medical educa-
tion curricula should be reviewed from this perspective.

For pulmonologists who will provide healthcare to patients with rare ILDs, a satisfactory level of
education must be ensured in terms of early diagnosis, optimal disease management, and communi-
cation skills specific to rare ILDs. From this perspective, the situation in different countries should be
reviewed and appropriate adjustments should be made. To achieve this, both undergraduate medical
education and pulmonology residency training should be standardized in coordination not only with
relevant institutions but also with professional societies in pulmonology. Since rare ILD patients are
generally referred to specialized centers, referring postgraduate pulmonology students to these centers
for education on rare ILDs may be a viable option.

The methods used for educational purposes must be enriched to effectively reach target audiences,
including medical students, physicians, patients, their relatives, and the general public. The needs must
be revealed first, and innovative options need to be implemented and validated.

This chapter reviews how rare ILDs are addressed in undergraduate and postgraduate medical training
and suggests innovative ways to improve and enrich education in this field.

Keywords: Interstitial lung diseases; Rare interstitial lung diseases; Medical education;
Undergraduate; Postgraduate; Telemedicine; Narrative medicine; Curriculum

OZET

Nadir interstisyel akciger hastaliklar: (IAH), prevalanslar disiik oldugundan tip egitiminde ¢ogunluk-
la yeterince ele alinmamaktadir ve bu durum hem hastalar hem de saglik calisanlar1 agisindan onemli
zorluklar yaratmaktadir. Pek ¢ok hekim bu hastaliklarla klinik pratikleri sirasinda, oncesinde yeterli
egitim almadan karsilagmakta ve bu durum, tanida gecikmelere ve hasta acisindan da stresli bir siirece
yol acabilmektedir. Egitim programlarinda nadir IAH’lara genellikle ana bagliklar altinda, hastaliklarin
kendine 0zgu ozelliklerine odaklanilmadan yer verilmektedir. Tele-tip uygulamalari, video ile hasta
gorugmelerinin kaydedilerek egitim materyali olarak kullanilmasi ve anlatisal tip gibi yeni yontemler
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farkindalig1 artirmaya, tanisal sureclere ve empatiyi artirmaya katki saglamaktadir. Hastalarin egitimsel sureclere dogrudan dahil edilmesi de
daha kapsamli bir anlayis gelismesi agisindan yararli olacaktir. Ayrica, uluslararasi kuruluglar ve hasta dernekleri, bu alanda egitim programlari
ve degerli egitim kaynaklar1 sunmaktadir. Nadir IAH’lara yonelik egitimin giiclendirilmesi, gelecegin hekimlerinin bu hastaliklar1 daha erken
tanimasina ve daha nitelikli saglik hizmeti sunmasina olanak taniyacaktir. Hasta merkezli, pratige donuk ve odakli yaklagimlar hem hastalik
yonetimini iyilestirmek hem de tip egitimindeki bosluklar1 kapatmak acisindan onemlidir.

Nadir IAH i¢in egitim ¢ergevesi, egiticilerin ilgi alanlar1 ve deneyimlerinin yan1 sira kurumlarin mevcut kaynaklari tarafindan sekillendirilmek-
tedir. Bununla birlikte, bu tanilar1 olan hastalara rehberlik eden her hekim icin asgari diizeyde nadir IAH’lar ve iligkili diger saglik sorunlarinin
yonetiminde kullanacaklar1 temel bilgilerin edinilmesi zorunludur. Bu nedenle tip egitimi mufredatlarinin bu bakis acisiyla gozden gegirilmesi
gerekmektedir.

Nadir IAH hastalarina saglik hizmeti sunacak gogus hastaliklar1 uzmanlari i¢in erken tani, hastaligin optimal yonetimi ve nadir IAH larda ileti-
sim becerileri agisindan tatmin edici bir egitim duizeyi saglanmalidir. Bu agidan farkli illkelerdeki durum gozden gegirilip uygun diizenlemeler
yapilmalidir. Bunun i¢in mezuniyet oncesi tip egitimi kadar gogus hastaliklar1 uzmanlik egitimi, ilgili kurumlar yaninda uzmanlik dernekleri
ile de esgidumlu standartlagtirilmalidir. Nadir IAH hastalar1 genellikle uzmanlagmis merkezlere yonlendirildiginden, uzmanlik sonras: gogiis
hastaliklar1 0grencilerinin bu merkezlere yonlendirilerek nadir IAH lar konusunda egitim almalar1 uygulanabilir bir secenek olabilir.

Egitim amach kullanilan yontemler; tip 0grencileri, hekimler, hastalar, hasta yakinlar1 ve genel toplum dahil olmak uizere hedef kitlelere etkin
bi¢imde ulagabilmek i¢in zenginlestirilmelidir. Oncelikle ihtiyaglar ortaya konmali, ardindan yenilik¢i segenekler hayata gegirilmeli ve gecer-
liligi test edilmelidir.

Kitabin bu bolumiinde, nadir JAH’larin mezuniyet dncesi ve sonrasi tip egitiminde nasil ele alindig1 gozden gegcirilmekte ve bu alandaki egitimin
iyilestirilmesine yonelik oneriler sunulmaktadir.

Anahtar Kelimeler: Interstisyel akciger hastaliklar; Nadir interstisyel akciger hastaliklari; Tip egitimi; Mezuniyet 6ncesi; Mezuniyet sonrasi;
Tele-tip; Anlati tibb1; Miifredat

|NTRODUCT|0N estimation, neglect, dismissiveness, and unawareness
on the part of physicians before the final diagnosis
of LAM. It is striking to see what patients and their
families endure during times filled with uncertainty.

Rare interstitial lung diseases (ILDs) are often ne-
glected due to their extremely low prevalence. Un-

doubtedly, patients with rare ILDs require healthcare Although these examples date back thirty years, the
support throughout the entire clinical journey, from lack of awareness and knowledge about rare diseases
initial consideration during the differential diagnosis continues to pose a significant barrier to timely and
process to the management of the confirmed disease. accurate diagnosis. Patients may experience delays
Even when a lung disease occurs in only one in a mil- and struggle to find specialists with sufficient exper-
lion individuals, the chest physician who encounters tise in their condition. When physicians are unfamiliar
such a patient must provide appropriate guidance, with these diseases, they may unintentionally cause
ensuring access to effective treatment and addressing patients to feel confused, anxious, or hopeless. Prop-
any coexisting pulmonary conditions. This challenge er training can improve both diagnostic accuracy and
is not limited to pulmonologists but applies to all phy- the quality of communication with patients. Limited
sicians who encounter patients with rare diseases in medical knowledge in this area may often lead to poor
clinical settings. Jean-Francois Cordier opposed the communication, particularly a lack of empathy toward
perception that rare or orphan lung diseases are re- patients with rare ILDs. For this reason, the book in-
served solely for specialized chest physicians working cludes a chapter dedicated to the educational aspects
in university centers. He emphasized that patients with of rare ILDs, a group of serious lung conditions that
such conditions often begin their diagnostic journey are often difficult to recognize and treat.

close to where they live. Furthermore, he noted that A European survey showed that 95% of healthcare
any chest physician is likely to encounter several pa- professionals think there is a need for more detailed
tients with rare diseases throughout their career.! Rec- education on rare lung disease. Coincidentally, 95%
ognizing and considering rare lung diseases, including of the patients were very interested in contributing
rare ILDs, in differential diagnoses is only possible to medical education and being involved in clinician
if these conditions are addressed during medical ed- training.> These results demonstrate that there is a
ucation whether at the undergraduate, postgraduate, mutual need for more educational resources and col-
or vocational training levels. In this book, The LAM laborations. Recently, Aldora and colleagues have dis-
Story chapter illustrates a journey marked by under- cussed the educational aspects in rare lung diseases
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in general, including rare ILDs. They pointed out that
the patients with rare and orphan lung diseases often
experienced significant delays in getting a correct di-
agnosis and struggled to find experienced physicians.
Furthermore, reaching expert centers, usually located
at large university hospitals, might cause long and
expensive travel for appointments. They suggest im-
proving education for rare lung disorders to increase
the knowledge and awareness of these topics through
international collaboration and networking.?

This chapter aims to discuss how rare ILDs are
currently included in medical and postgraduate educa-
tion and suggest ways to improve and vary education-
al activities in this field.

CURRENT EDUCATIONAL STATUS

Jean-Francois Cordier noted in the introduction to a
monograph on orphan diseases: “As teaching in med-
ical schools cannot cover the many rare diseases, it
is unavoidable that general practitioners do not know
all of the estimated 8,000 rare diseases. Therefore, the
specialist must have the capacity to suspect the diag-
nosis in their field and further orient the patient to-
wards expert centers, where the final diagnosis may
be confirmed and the management defined, if neces-
sary.”! From this perspective, clinical suspicion must
begin at the very first step of patient evaluation, and
the diagnostic process should follow a systematic,
guided approach. While a definitive diagnosis depends
on clinical suspicion, a physician must possess rele-
vant knowledge in order to suspect a rare condition in
the first place.

The inclusion of rare ILDs in undergraduate and
postgraduate medical curricula varies widely between
countries and institutions. In most medical school pro-
grams, rare ILDs occupy only a minimal place. This
approach is often based on the rationale that primary
care graduates should be well-versed in the most com-
mon health conditions encountered nationally, with an
emphasis on prevention and treatment. Rare diseases,
by contrast, are typically listed only by name, often
at the end of disease lists arranged by prevalence, or
appear on the differential diagnosis discussions, men-
tioned only briefly. They are generally introduced
during postgraduate training, where fellows may en-
counter only a handful of cases during specific rota-
tions. As a result, awareness and familiarity with these
diseases remain lower than expected, not only among
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general practitioners but also among some pulmonol-
ogy trainees. Due to their limited presence in medical
education, many physicians are unfamiliar with rare
ILDs when they encounter them in real-life clinical
practice. A pulmonologist may even retire without
having seen a single case; yet if they do, patients with
rare ILDs reasonably expect to receive care aligned
with best medical practices.

Critically examining the current status of rare ILDs
in medical education can serve as a valuable guide in
addressing existing gaps and shaping more inclusive
and effective curricula.

Rare ILDs in Medical Education

In the United States, the USMLE examination is es-
sential for obtaining an ECFMG certification. The
USMLE content outline reflects the content of the
medical school curriculum, including rare ILDs, only
in general terms. In the Respiratory Diseases chapter,
under the section titled “Pneumoconiosis/fibrosing/
restrictive pulmonary disorders/interstitial lung dis-
ease”, the exam content mentions conditions such as
pneumoconiosis, asbestosis, silicosis, and interstitial
pneumonias like usual interstitial pneumonia (UIP).
However, many rare ILDs (including Pulmonary Al-
veolar Proteinosis (PAP), Pulmonary Amyloidosis,
Langerhans Cell Histiocytosis (LCH), and Lymphan-
gioleiomyomatosis (LAM), etc.) are not specifically
addressed.*

Since the European countries might have different
curricula for undergraduate medical education, it is
not possible to discuss their contents in relation to rare
ILDs on a country-by-country basis.

The core curriculum for undergraduate medical ed-
ucation in Turkey is known as UCEP (Ulusal Cekirdek
Egitim Programi — National Core Education Guide),
with its most recent update published in 2020.° This
guide outlines five fundamental pillars: (1) Outcomes/
Competency Areas, which define the knowledge,
skills, and attitudes that medical students are expect-
ed to acquire; (2) a list of Clinical Symptoms/Signs/
Conditions that students should be able to recognize;
(3) a Core Diseases/Clinical Problems list that sets
expectations for mastery of essential conditions and
clinical issues; (4) a list of Basic Medical Practices
specifying the procedures students must be competent
to perform; and (5) the Behavioral, Social, and Human
Sciences component, which emphasizes the human-
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istic and societal dimensions of medical education.
UCEP serves as a key reference for medical schools,
academic departments, and educators in the planning
and development of curricula. For each disease listed
in the guide, the required level of competency is de-
fined: diagnosing, treating, and managing acute prob-
lems (e.g., asthma); diagnosing, treating, and prevent-
ing conditions (e.g., pneumonia); or referring patients
to appropriate specialists with a differential diagnosis
(e.g., interstitial lung diseases). It is evident that this
general framework allows flexibility for each medical
school and pulmonary medicine department, depend-
ing on the expertise of their academic staff.

Education in Postgraduate/Residency/
Fellowship Programs

The American Board of Internal Medicine-Pulmonary
Diseases exam content outline (Pulmonary Diseas-
es Blueprint) defines the knowledge areas required
for board certification in pulmonology in the United
States of America. Although there is no rare ILD-spe-
cific category, the section on diffuse parenchymal lung
disease, which accounts for 10% of the exam, includes
several rare conditions. These include IgG4-relat-
ed disease, pleuroparenchymal fibroelastosis, LAM,
LCH, Birt-Hogg-Dubé Syndrome, PAP, and a general
group labeled as genetic and other rare interstitial lung
diseases.® This structure suggests a more integrated
and comprehensive recognition of rare ILDs in spe-
cialist education.

The HERMES (Harmonised Education in Respira-
tory Medicine for European Specialists) syllabus, de-
veloped by the European Respiratory Society (ERS),
serves as a guideline for standardized postgraduate
education across Europe. It does not include a sepa-
rate heading for rare ILDs but distributes relevant dis-
eases under broader categories. LCH, LAM, PAP, and
amyloidosis appear under diffuse parenchymal lung
diseases (DPLD), while silicosis is covered within oc-
cupational diseases. Birt-Hogg-Dubé Syndrome and
familial interstitial pneumonias are also included.7
Despite its detailed structure, the absence of a unified
rare ILD section may limit the visibility of these dis-
eases during training.

The TUKMOS curriculum defines the national
framework for pulmonology residency training in Tur-

key. It includes a specific section on rare lung diseases,
naming four rare ILDs: LCH, LAM, PAP, and pulmo-
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nary amyloidosis. In addition, it refers to pulmonary
involvement of hematological diseases, which may
imply the inclusion of conditions such as IgG4-related
disease and Hermansky-Pudlak Syndrome.8 Although
only a few diseases are explicitly listed, the inclusion
of rare ILDs in the program is a promising attempt.

In pulmonology training, rare ILDs can be includ-
ed under the broader category DPLD. This approach
allows trainees to learn about these conditions within
a unified framework, making it easier to understand
them collectively. In addition to theoretical educa-
tion, it is essential to emphasize that managing rare
ILDs often requires a biopsychosocial approach that
addresses the physical, emotional, and social needs of
patients. This type of training is only feasible if the
educational institution accepts and manages rare ILD
patients. Otherwise, a structured rotation system in-
volving expert centers (national or international) may
help pulmonary medicine trainees gain the necessary
exposure to these rare conditions.

Alternative Methods Through Telemedicine

Telemedicine-based methods have created new op-
portunities for enhancing clinical education in rare
ILDs, particularly in postgraduate and specialty train-
ing programs. Due to the very low prevalence of these
diseases, many medical students and fellows may not
encounter such patients during routine clinical rota-
tions. In a previous article, the use of pre-recorded
video consultations, as implemented in a panel session
at the Turkish Thoracic Society Congress, allowed
clinicians to observe real patients with LAM, BHD,
PAM, and PAP. Participants reported that this method
improved their understanding of the biopsychosocial
dimensions of rare ILDs and positively influenced
their clinical practice.’

Similarly, undergraduate students who participat-
ed in structured telemedicine sessions conducted via
video counseling showed improvements in medical
history-taking, diagnostic approaches, and commu-
nication skills, while also gaining early exposure to
patient-centered and holistic care principles.”® Ad-
ditionally, a pre-recorded video consultation with a
PAM patient was watched in the classroom during the
pulmonary medicine clerkship (Figure 1). This pro-
vided an opportunity to discuss not only the medical
aspects but also the holistic approaches to patient care.
Although the in-person presence of a rare ILD patient
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Figure 1. A Pre-recorded video consultation with a patient watched in the classroom.

With the permission of the patient and students.

may not always be feasible during educational activ-
ities due to many limitations, pre-recorded telemedi-
cine video consultations offer an opportunity to meet
patients independent of time, availability, and distance
limitations.

These experiences with innovative methods, such
as using telemedicine in medical education, support
the integration of video-based telemedicine tools into
medical and postgraduate training programs to en-
hance practical experience and communication skills.
These methods allow all trainees to engage with rare
ILD patients and clinical scenarios, regardless of
patient availability in their clinical settings. As rare
diseases are often underrepresented in healthcare sys-
tems, these methods provide a valuable solution to
enhance awareness and ensure adequate training for
future doctors, including pulmonologists.’

International Societies, Foundations, and
Guidelines

Education on rare ILDs can only be expanded through
inclusive organizations and integrative strategies. In
this section, the roles of professional societies, foun-
dations, and clinical guidelines will be discussed.
Some of these initiatives have the potential to serve
as models that can be adapted and implemented at the
national level. In this way, global comprehensiveness
may be achieved through the integration of local ef-
forts.
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One of the most important international non-profit
organizations in Europe focusing on rare lung diseases
is ERN-LUNG (European Reference Network on Rare
Respiratory Diseases). This network was launched in
2017 by the European Union to improve the care of
people with rare diseases. Its education committee
aims to ensure that both professionals and patients
have access to up-to-date and relevant education-
al materials to support the diagnosis, treatment, and
management of rare lung conditions. Rare ILDs are
included among the nine rare lung disease areas cov-
ered by this program. Powell et al. conducted a sur-
vey-based study to assess the educational landscape
in Europe from both physician and patient perspec-
tives. The data provided valuable insights into existing
limitations and potential future directions. A notable
finding from the survey revealed that patients identi-
fied several barriers to accessing education, including
language limitations, travel costs, and poor health that
restricted their ability to travel. According to the re-
sults, 88.5% of patient respondents believed there was
a need for patient education at the European level, yet
only 34.8% were aware of existing activities.? These
barriers must be taken into account when planning
educational initiatives for patients. Additionally, an
overwhelming majority (95%) of respondents empha-
sized the importance of involving patients in the edu-
cation of healthcare professionals.” The responses to
this survey should be regarded as an instructive and
guiding signal for future planning.
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ERN-LUNG organizes educational activities such
as webinars, online training courses, and international
meetings for both clinicians and patients. The goal is
to increase knowledge, raise awareness, and support
healthcare professionals in managing these rare con-
ditions. ERN-LUNG also offers a dedicated training
program, the ERN-LUNG Academy, which provides
webinars, clinical e-cases, and on-site training at
ERN-LUNG member hospitals.?

The ERS supports continuing education and pro-
fessional development programs for respiratory pro-
fessionals, which include content on rare lung dis-
eases. This lifelong learning initiative has covered
several orphan and rare lung conditions.!! In addition,
ERS has established an international, multi-center net-
work called Clinical Research Collaborations (CRCs),
which brings together researchers and patients to ad-
vance science in specific disease areas. Some CRCs
have focused on rare conditions such as idiopathic
pulmonary fibrosis (IPF), childhood ILD, and pulmo-
nary hypertension.> Considering that even IPF is clas-
sified as a rare disease, it is important to recognize
that other rare ILDs also deserve similar attention and
support through CRCs.

The ERS launched a project called Harmonised
Education in Respiratory Medicine for European Spe-
cialists (HERMES) with the aim of promoting the
standardization of postgraduate training for respira-
tory medicine specialists across Europe. A mandatory
module on orphan lung diseases in the HERMES core
syllabus ensures that specialists who undertake the
HERMES examination receive training in these con-
ditions.'

The American Thoracic Society (ATS), one of the
largest respiratory health organizations, offers a wide
range of resources on rare lung diseases for both health-
care professionals and patients. These include official
clinical statements, articles published in the Annals of
the ATS, case reports, and accessible patient fact sheets
on conditions such as LAM, sarcoidosis, alpha-1 an-
titrypsin deficiency (AATD), and Hermansky-Pudlak
syndrome. ATS also organizes special events such
as Lung Disease Week and collaborates with patient
groups to raise awareness. Through webinars, clin-
ical case discussions, and educational materials, ATS
actively supports education and improved care in rare
ILDs."

The European Lung Foundation (ELF), established

by ERS in 2000, focuses on improving education and
communication between patients and healthcare profes-
sionals. For rare lung diseases, ELF has created several
fact sheets and online resources in different languag-
es to help patients better understand their condition. It
also involves patients directly through Patient Adviso-
ry Groups and Patient Priorities websites, supporting
conditions like LAM, bronchiectasis, sarcoidosis, and
childhood ILDs.!* Patient education is important, but it
should be supported by the education of healthcare pro-
fessionals as well. While patients aim to learn how to
live with their disease, clinicians have the responsibili-
ty to support them with a biopsychosocial, patient-cen-
tered approach.

The LAM Foundation is a remarkable example of
building something from nothing. Exactly 30 years
ago, the mother of a patient with LAM brought together
other patients and their families to raise awareness of
this rare ILD and to support scientific research aimed
at finding effective treatments. The details of the LAM
story can be found in the relevant chapter of this book.
The LAM Foundation’s website offers a wide range of
information. LAMposium, the Foundation’s flagship
scientific meeting, is a unique event that brings togeth-
er two target groups (physicians/scientists and patients
and their families) who learn from one another: pa-
tients benefit from expert insights, while experts gain
valuable perspectives from the individuals they serve
and care for. Information about the Foundation and the
symposium is available on its website.'

CONSEQUENCES OF EDUCATIONAL GAP AND
LACK OF AWARENESS

Misdiagnosis, Delay in Diagnosis, and
Treatment Errors

When rare ILDs are not adequately covered during
undergraduate or postgraduate medical training, cli-
nicians may fail to consider them in the differential
diagnosis of abnormal lung findings. In clinical prac-
tice, this lack of awareness can lead to unnecessary
investigations or referrals to unrelated specialties,
ultimately delay in diagnosis and struggling with un-
certainties. Early recognition of these diseases can
help avoid excessive testing, reduce both physical and
mental stress for patients and clinicians, and enable
timely intervention, often before disease progression
occurs. Accurate and early consideration of rare ILDs
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supports more efficient, targeted care and contributes
to improved clinical outcomes.

Patients’ Perspective

For patients with rare ILDs, the diagnostic journey is
often prolonged and emotionally challenging. Many
reports do not receive clear or detailed explanations
about their condition, which prevents them from un-
derstanding the cause of their symptoms. This lack of
information can lead to fear, anxiety, and a sense of
helplessness. Several studies have shown that patients
often feel lost and unsupported, particularly when
they are unable to access reliable information about
their disease or what to expect in the future.!>!” With-
out adequate education, managing both the illness
and its emotional impact becomes significantly more
difficult. A chapter of this book, dedicated to patient
perspective in ILD, provides a broader spectrum on
the topic.

When healthcare professionals are unaware of rare
ILDs, the diagnostic process is often delayed. Patients
may undergo numerous tests, receive incorrect refer-
rals, or be told that their symptoms are not serious, even
emotional. During this period, many feel that their con-
cerns are being dismissed or ignored. Some describe
this phase as one marked by uncertainty and emotional
distress.!® These experiences highlight that education is
essential not only for patients, but also for clinicians.
A better understanding of rare ILDs on both sides can
enhance communication, reduce anxiety, and enable
earlier diagnosis and more effective treatment.

Patient-Doctor Communication and Trust

True communication and trust are fundamental parts of
patient care, even more so for rare ILD patients. When
clinicians are uncertain or unfamiliar with a disease, it
can affect the way they interact with patients. However,
when clinicians are well-educated about a disease, they
will feel more confident in managing it, and this confi-
dence will be transferred to the patient. A lack of clear
explanations or hesitant language may increase the pa-
tient’s anxiety and diminish their trust in the healthcare
system. In contrast, a well-informed and empathetic
clinician can foster the trust that the patient needs. Pa-
tients are more likely to trust doctors who take the time
to listen and explain the challenges of living with a rare
disease. This trust also enhances patients’ adherence to
treatment and follow-up.
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RECOMMENDATIONS AND FUTURE DIRECTIONS

A survey study demonstrated that patients with rare dis-
eases are generally willing to share their health data for
research and healthcare purposes, as long as the priva-
cy of their data is respected, and they can control the
shared information. One of the main reasons patients
supported data sharing was the opportunity to learn
more about their condition and discuss it with health-
care professionals.' These findings suggest that patient
involvement in medical education can be valuable. In-
corporating patients by case-based video consultations
and telemedicine tools into medical undergraduate and
postgraduate training programs may enhance clinicians’
understanding of rare ILDs by exposing them to real
patient experiences. These approaches may strengthen
clinical knowledge and improve patient-centered care.
The same study also highlights the importance of clear
data protection and privacy policies.'” Patients are more
likely to participate in educational and clinical activi-
ties when they trust that their information will be used
responsibly. This respect will support the trust between
clinicians and patients, improve the incorporation,
which will be beneficial for both sides.

A panel presented at the Turkish Thoracic Society
Congress introduced an innovative approach by inte-
grating pre-recorded video consultations with patients
diagnosed with rare ILDs, including LAM, PAP, PAM,
and BHD Syndrome. Patients had consented to video
recordings in a telemedicine session while they talk-
ed about their experiences, and afterwards, the video
recordings were presented to congress attendees with
patient consent. A questionnaire after the session was
used to evaluate the participants’ perspectives, and re-
sponses indicated that this method was effective in in-
creasing awareness of the bio-psycho-social aspects of
rare ILDs. Many reported that the experience positive-
ly influenced their clinical practice and emphasized the
potential of telemedicine as a tool for education. The
majority of participants addressed the video consulta-
tions as either equally or more effective than in-per-
son patient presentations.’ These findings support the
integration of even the recorded materials of patients’
experiences into both medical and postgraduate medi-
cal education as a way to promote awareness, empathy,
and a more comprehensive approach to rare ILDs.

Narrative Medicine is an important tool for teach-
ing and learning medicine, with many advantages cit-
ed in relevant literature. As Milota et al. highlighted in
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a systematic review, narratives in the clinical setting
can help doctors bridge the gap between their patho-
physiological knowledge and the experiential knowl-
edge contained in their patients’ stories. In medical
education, narratives serve as a crucial means of pre-
paring medical students to engage in the shared deci-
sion-making process with their patients, help students
hone their listening and observation skills, stimulate
their empathetic abilities, and, in general, increase
their capacity for reflection and perspective-taking.
This approach also leads to a better sense of self as
well as better and more meaningful relationships with
colleagues and the public.”® Recently, a scoping re-
view was published to promote the power of narrative
medicine in theoretical and clinical practice, educa-
tion, and training, while supporting the development
of methods to evaluate and measure its impact.?’ A
pulmonologist, a writer, and a medical teacher simul-
taneously, feels responsible for collecting patients’
stories and publishing them as a supplementary edu-
cational resource. Since the storybook consists of real
patients’ stories, including those of LAM, PAP, and
Primary Pulmonary Hypertension cases among the
rare lung diseases, through their unique experiences, it
could be incorporated into rare ILD education. As an
e-book, it can be used to expand its educational fea-
tures for global use.?? Raising awareness and promot-
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ABSTRACT

Rare interstitial lung diseases (ILDs) encompass a diverse group of conditions with low prevalence,
including lymphangioleiomyomatosis (LAM), pulmonary Langerhans cell histiocytosis (PLCH), pul-
monary alveolar proteinosis (PAP), and others. These diseases often involve multisystem manifesta-
tions and are characterized by prolonged diagnostic delays, limited treatment options, and a signifi-
cant psychosocial burden. The rarity and clinical heterogeneity of these ILDs lead to their exclusion
from large-scale trials, resulting in insufficient evidence-based guidelines and contributing to a sense
of orphanity among patients. This chapter explores the diagnostic journey, emotional experiences,
treatment expectations, and healthcare system interactions from the perspective of patients with rare
ILDs. It highlights how misdiagnoses and long diagnostic delays exacerbate feelings of frustration
and isolation in patients and their relatives. In many cases, patients report needing years to receive an
accurate diagnosis, often after being misclassified as having more common diseases such as asthma.
Emotional burdens such as anxiety, depression, and loss of identity are prevalent, particularly among
women with LAM and patients with PAP and PLCH. Health-related quality of life (HRQoL) is consis-
tently impaired in rare ILDs, even in patients with preserved lung function. Patient-reported outcome
measures (PROMs) provide valuable insight into the lived experience of these conditions yet remain
underutilized. The scarcity of disease-specific data limits the ability to tailor management strategies
to patient needs. Patients consistently express expectations for symptom control, disease stabilization,
manageable side effects, and access to clinical trials or future curative therapies. Their experiences
with healthcare systems are often marked by limited access to specialized centers and a lack of dis-
ease-specific education and support resources. Multidisciplinary care and patient-centered approaches
are emphasized as essential to improving care and quality of life. In conclusion, understanding patient
perspective is crucial in the management of rare ILDs. In conclusion, physicians should address not
only the medical but also the emotional and social needs of patients. Bridging the gap between clinical
expertise and patient experience requires an empathetic, multidisciplinary, and holistic approach to
care, which can ultimately enhance outcomes and patient satisfaction.

Keywords: Patient centered medicine; Interstitial lung diseases; Rare interstitial lung diseases;
Diagnostic delay; Quality of life; Patient perspective; Orphan disease

OZET

Nadir interstisyel akciger hastaliklar1 (IAH), Lenfanjiyoleyomiyomatozis (LAM), pulmoner Langer-
hans hiicreli histiyositoz (PLHH), pulmoner alveolar proteinozis (PAP) gibi dusuk prevalansli, klinik
olarak heterojen hastaliklardan olusan heterojen bir gruptur. Multisistem tutulum, tan1 gecikmeleri,
siirh tedavi segenekleri, yagsam kalitesinde digme ve belirgin psikososyal yuk ile karakterize bu has-
taliklar, siklikla buyuk klinik ¢aligmalarin diginda kalmakta ve yetkin merkezlere erisimde sorunlar
yasanmaktadir. Bu durum hem bilimsel hem duygusal anlamda “yetim hastalik” algisin1 guclendirmek-
tedir. Bu bolumde, nadir interstisyel akciger hastaliklaria sahip bireylerin tan: suireci, duygusal de-
neyimleri, tedavi beklentileri ve saglik sistemiyle etkilesimleri hasta perspektifinden ele alinmaktadir.
Ozellikle dogru tani almaktaki zorluklarin ve uzun tani suirelerinin, hastalarda ve ailelerinde gerginlik,
umutsuzluk ve diglanmiglik duygularini nasil artirdigint ortaya koymaktadir. Hastalar siklikla astim,
kronik obstriiktif akciger hastaligi (KOAH) veya enfeksiyon gibi daha yaygin hastaliklarla karisti-
rilmakta ve dogru taniya ulagsmalari ortalama birkag yili bulmaktadir. Bu suregte yasanan belirsizlik,
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yalnizlik hissi, anksiyete ve kimlik kayb1 gibi duygusal zorluklar, hastalik yukunu artirmaktadir. Ozellikle LAM, PAP ve PLHH hastalarinda
depresyon ve anksiyete sik bildirilen duygusal durumlardir. Saglikla iligkili yasam kalitesi (SIYK), nadir IAH hastalarinda belirgin sekilde bo-
zulmustur. Hasta tarafindan bildirilen sonug dl¢iimleri, bu deneyimi yansitmada onemli araclar olup halen yetersiz kullanilmaktadir. Tedaviyle
ilgili beklentiler; semptom kontrolii, hastaligin ilerlemesinin durdurulmasi, yonetilebilir yan etkiler ve gelecekte gelistirilecek kuratif tedavilere
erisim yonundedir. Klinik deneyim kadar hasta deneyiminin de karar stireglerine entegre edilmesi gerekliligi vurgulanmaktadir. Hastalar, tani ve
tedavi surecinde multidisipliner merkezlerde, konusunda uzman hekimlerce izlenmek istemekte; tanidaki belirsizlik, bilgiye erisim zorlugu ve
saglik sistemindeki pargali yapi, hasta deneyimini olumsuz etkilemektedir. Destek gruplari ve hasta dernekleri, bilgiye erisim ve sosyal destek
acisindan 6nemli katkilar sunmaktadir. Sonug olarak, nadir IAH’11 hastalarda hasta bakimi yalnizca medikal tedavi ile sinirli olmamali, duygu-
sal ve sosyal ihtiyaglar1 da kapsayan buttincul, empatik bir yaklagim benimsenmelidir. Hasta sesinin duyuldugu, yasam kalitesine odaklanan ve
multidisipliner anlayis1 temel alan bir saglik hizmeti, bu alandaki en 6nemli ihtiyaglardan biridir.

Anahtar Kelimeler: Hasta merkezIi bakim; Interstisyel akciger hastaliklari; Nadir interstisyel akciger hastaliklari; Tani gecikmesi; Yasam
kalitesi; Hasta perspektifi; Oksiiriik hastalik

INTRODUCTION clinical trials and epidemiological studies. The number
of publications indexed in PubMed, including clini-

Rare interstitial lung diseases (ILDs) represent a cal trials, randomized controlled trials (RCTs), and

small but clinically significant subset of diffuse pa- case reports, related to both rare and more common

renchymal lung diseases. Conditions such as lymph- ILDs, are presented in Table 1 (last updated on June
angioleiomyomatosis (LAM), pulmonary Langerhans 24, 2025). This scarcity of robust, generalizable data
cell histiocytosis (PLCH), Hermansky-Pudlak syn- contributes to their classification as orphan diseases, a
drome-associated ILD (HPS-ILD), Birt-Hogg-Dubé designation that not only reflects a lack of therapeutic
syndrome (BHDS), pulmonary alveolar proteinosis development but also underscores the systemic neglect
(PAP), pulmonary alveolar microlithiasis (PAM), fa- these conditions face within research and healthcare
milial interstitial pneumonias (FIP), pleuroparenchy- infrastructures. The limited evidence base impedes
mal fibroelastosis (PPFE), and IgG4-related ILD pres- the establishment of standardized diagnostic path-
ent unique diagnostic, therapeutic, and psychosocial ways, prognostic markers, and treatment algorithms.
challenges due to their rarity, multisystem involve- As a consequence, healthcare professionals may en-
ment, and frequent diagnostic delays.' Although there counter significant uncertainty when managing these
is no universally accepted or clearly defined criterion conditions, which in turn exacerbates the challenges
established by the World Health Organization (WHO), patients face in obtaining a timely diagnosis and ef-
diseases with a prevalence of less than 1 in 2,000 in fective care. From the patient’s perspective, this scien-
Europe, and those affecting fewer than 200,000 indi- tific and clinical marginalization often translates into
viduals in the United States, are defined as “rare dis- feelings of neglect, isolation, and diminished hope.
eases.”!? Rare ILDs are a subset of ILDs that have Many patients with rare ILDs describe a prolonged di-
low prevalence and are often poorly characterized due agnostic journey involving misdiagnoses, insufficient
to limited patient numbers, clinical heterogeneity, and information, and fragmented care.'* The absence of
lack of large-scale studies.? Despite advancements in disease-specific support resources, clinical guidelines,
imaging and genetics, patients with these diseases fre- and educational materials further amplifies the sense
quently face substantial burdens in accessing accurate of invisibility. Unlike patients with more prevalent
diagnosis, disease-specific information, and special- forms of ILD, such as idiopathic pulmonary fibrosis
ized care. This chapter explores patient experiences (IPF), connective tissue disease (CTD) related ILDs,
in these rare ILDs, highlighting their diagnostic jour- or sarcoidosis, those affected by rare types frequently
neys, emotional responses, treatment expectations, express frustration over the paucity of attention their
and the broader implications of orphan disease status. conditions receive from both the medical community

and the pharmaceutical industry.*

LIMITED DATAIN THE LITERATURE AND This sense oflomhanity seems not only em'otionzill
ORPHANITY OF RARE ILDS but also structural. This table reflects a broader inequi-

Rare ILDs, by virtue of their low prevalence and clin- systems allocate resources. Without targeted advocacy

ty in how research priorities are set and how healthcare
ical heterogeneity, are often excluded from large-scale and dedicated funding for rare ILDs, progress in un-
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Table 1. Number of all published articles, clinical trials, randomized clinical trials and case reports about interstitial lung
diseases in the PubMed (personal brief analysis).
Ov.erall number of Clinical trial RCT Case report
articles
IPF 17,677 504 302 1,779
Sarcoidosis 36,424 367 120 12,467
HP 6,448 68 14 1,669
PLCH 12,903 92 15 6,777
LAM 2,238 39 14 895
PAP 2,539 28 7 1,027
PAM 470 0 0 282
Acute silicosis 339 5 2 74
BHDS 920 2 1 354
HPS 844 7 2 231
FIP 2,825 23 6 546
Pulmm.lar)i 2.458 28 9 1,085
Amyloidosis
PPFE 348 2 1 119
IgG4-related ) 550 0 0 317
pulmonary disease
Table preparation method: Electronic search of PubMed using specific keywords (disease names given in table) were conducted. Clinical trials,
randomised clinical trials, and case reports were also screened individually by using filters. The data included was limited to English publications.
BHDS: Birt-Hogg-Dubé syndrome, FIP: Familial interstitial pneumonias, HP: Hypersensitivity pneumonitis, HPS: Hermansky-Pudlak syndrome,
IPF: Idiopathic pulmonary fibrosis, ILD: Interstitial lung disease, LAM: Lymphangioleiomyomatosis, PPFE: Pleuroparenchymal fibroelastosis,
PAM_: Pulmonary alveolar microlithiasis, PAP: Pulmonary alveolar proteinosis, PLCH: Pulmonary Langerhans cell histiocytosis.

derstanding and managing these diseases may remain
slow. Importantly, this reality calls for a concerted ef-
fort to integrate the voices of patients into the research
agenda, ensuring that the unique challenges they face
are acknowledged and addressed in both clinical care
and scientific investigation.

Perspective of patients in rare ILDs is a very ne-
glected subject. Studies investigating patient per-
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spectives in ILDs are more scarce than clinical trials
and vast majority of these studies were conducted in
IPE.>7 A small study conducted in China delves into
the personal experiences of IPF patients. Through
semi-structured interviews, it uncovers themes such
as the prolonged and confusing journey to diagnosis,
daily life challenges, emotional distress, and the de-
sire for continuous care.’ The findings highlight the
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necessity for improved healthcare delivery and pa-
tient education, especially in remote areas. A broad-
er, multinational study revealed significant diagnostic
and treatment delays in IPF (0.8-2 years from symp-
tom onset), frequent underreporting of symptoms by
physicians compared to patients, high healthcare uti-
lization (average 7-10 tests before diagnosis, annual
hospitalization rate 24-64%), suboptimal treatment
satisfaction (50% in moderate-severe IPF), and poor
quality of life despite (mean EuroQol-5 Dimensions
score: 61.7/100) increased antifibrotic use.® Several
studies have investigated the patient perspective in
individuals with LAM.*!® One study explored both
the physical and emotional burdens experienced by
patients and assessed that frustration, anxiety, identity
loss, difficulty accepting the disease, and guilt were
common among LAM patients.® In a study investigat-
ing the priorities of women living with LAM, the top
three identified were the development of improved
diagnostic assays, broader availability of treatment
options, particularly sirolimus, and enhanced access
to specialized LAM centers.’ A recent study focusing
on the psychosocial experiences of patients with LAM
concluded that feeling of helplessness were associated
with longer disease duration and greater limitations in
daily activities, contributing to a more negative per-
ception of the disease.'” High levels of anxiety (31%),
impulsivity (14%) and cannabis use disorder (8%)
were reported in patients with PLCH.!' A review which
examined coping strategies of patients with PAP re-
vealed that many PAP patients seek social support and
connect with peer networks; joining support groups or
online communities provides “a sense of camaraderie
and empowerment” that helps counteract isolation.'”

DIAGNOSTIC JOURNEY AND DELAYS

Diagnostic delay is a pervasive challenge in all types
of ILDs, with profound implications for both clini-
cal outcomes and patient well-being. It often takes
months to years for patients to receive a correct diag-
nosis, contributing to psychological distress, frustra-
tion, and diminished quality of life. In a multinational
European survey, 40% of patients with pulmonary fi-
brosis reported waiting over a year for a final diagno-
sis, with significant emotional burden during the pro-
cess, including fear, confusion, and a perceived lack of
support from the healthcare system.!® Similarly, Lyu
et al. found that Chinese patients with IPF described
their diagnostic journey as long and confusing, often
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involving multiple misdiagnoses and feelings of dis-
connection from healthcare services.” Lancaster et
al. reported that the time from symptom onset to di-
agnosis ranged from 0.8 to 2 years across countries
and highlighted the disconnect between physician and
patient perceptions of disease symptoms and severity,
further compounding patient dissatisfaction and treat-
ment delay.S Diagnostic errors in ILD, particularly due
to the nonspecific nature of early symptoms and the
rarity of the diseases, have been identified as critical
contributors to delayed care and poor outcomes, rein-
forcing patients’ sense of being overlooked and mis-
understood.?

Patients with rare ILDs commonly report a pro-
longed and fragmented diagnostic pathway, often in-
volving multiple misdiagnoses. For example, LAM
is frequently mistaken for asthma, COPD, or sponta-
neous pneumothorax in young women before appro-
priate high-resolution computed tomography (HRCT)
and vascular endothelial growth factor-D (VEGF-D)
testing confirm the diagnosis.'*!¢ Similarly, PLCH
may be confused with emphysema or asthma in smok-
ers, and BHDS is often underdiagnosed due to its der-
matologic and renal manifestations overshadowing
pulmonary cysts.!”8 Diseases such as PAM and PAP
are often misidentified as infectious or autoimmune
processes, and PPFE is frequently misclassified as
advanced fibrosis or sequelae of prior lung injury.'*2?
Average diagnostic delay and common misdiagnoses
of rare ILDs are shown in Table 2.'¢1322 These findings
highlight the necessity of enhancing early recognition,
healthcare professional education, and patient-cen-
tered diagnostic pathways in rare ILDs.

HOW TO MEASURE PATIENT PERSPECTIVE IN
RARE ILDS

Biological and molecular insights are advancing per-
sonalized treatment and true personalization requires
incorporating patient perspectives. The authors of a
review article argue for integrating patient-reported
outcomes, preferences, and life circumstances, termed
“personomics”, into treatment decisions. They high-
light the importance of non-pharmacological care,
monitoring comorbidities, and using patient-reported
outcome measures (PROMs) and home monitoring to
better reflect disease burden and guide individualized
care strategies.” An international committee reviewed
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Table 2. Common misdiagnoses and diagnostic delay in rare ILDs.
. Common Average Diagnostic .
Disease A g g Sample size Reference
Misdiagnoses Delay
Asthma, COPD, n=505 (U.S. LAM Gupta, McCormack
LAM ~4.8 years 05 ( pia.
pneumothorax Registry) et al.
Asthma, sarcoidosis, .
PLCH 2-5 years estimated -
emphysema
HPS IPF, sarcoidosis 3-7 years estimated -
Emphysema, sponta- n=100 (East China
BHDS phy P 7.6 years ( Hu et al.’®
neous pneumothorax cohort)
Pneumonia, alveolar . 19
PAP 2-4 years estimated Trapnell et al.
hemorrhage
Tuberculosis, miliary | Often incidental; up Ugan et al.?
PAM . 21
metastasis to decades Wang et al.
IPF, connective tissue | Variable, often famil-
FIP . . -
disease ILD ial delay
Advanced fibrosis,
PPFE post-infectious ILD, 2-6 years Gamble et al.*
sequela
Sarcoidosis, HP, .
IgG4-ILD Variable -
lymphoma
Table preparation method: Electronic search of PubMed using specific keywords (disease names given in table) were conducted. Clinical trials,
randomised clinical trials, and case reports were also screened individually by using filters. The data included was limited to English publications.
BHDS: Birt-Hogg-Dubé syndrome, FIP: Familial interstitial pneumonias, HP: Hypersensitivity pneumonitis, HPS: Hermansky-Pudlak syndrome,
IPF: Idiopathic pulmonary fibrosis, ILD: Interstitial lung disease, LAM: Lymphangioleiomyomatosis, PPFE: Pleuroparenchymal fibroelastosis,
PAM_: Pulmonary alveolar microlithiasis, PAP: Pulmonary alveolar proteinosis, PLCH: Pulmonary Langerhans cell histiocytosis.

the current state of patient-centered outcomes in ILD.
The study emphasizes the importance of understand-
ing how ILD affects patients’ quality of life, symp-
toms, functional status, and psychological well-be-
ing.”? PROMs and subdomains that we can use to
measure patient perspectives in ILDs are summarized
in Table 3.
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HEALTH RELATED QUALITY OF LIFE IN PATIENTS
WITH RARE ILDS

Health related quality of life (HRQoL) is often mark-
edly impaired in rare ILD patients. Table 4 summa-
rizes HRQoL studies for rare ILDs.?*? Validated ge-
neric instruments (SF-36, SGRQ, EQ-5D) and any
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Table 3. Patient reported outcome measurements.

Patient-centered outcome Subdomains Measurements
SF-36
General EQ-5D-5L
PROMIS-29
Health-related quality of life
SGRQ-I
Disease specific K-BILD
P ATAQ-IPF
IPF-PROM
Dyspnea mMRC, BDI-TDI, D-12
Cough LCQ, CQLQ
Symptoms Fatigue FAS, MFI,
Treatment adverse events PESaM
Depression and/or Anxiety HADS, GAD-7
Grief
. . . Stress
Psychological and emotional well-being Emotional freedom
Confidence
Sleep disturbances ESS, SA-SDQ

Functional status

Daily activities

Capacity to function at home and at
work

Ability to leave home to participate in
enjoyable activities and/or travel

Supplemental oxygen need

Need for supplemental oxygen prescrip-
tion and amount of oxygen prescribed
Type and availability of oxygen delivery
device

Cost and navigating logistics

Hospitalizations

Hospitalization-free days

Acquisition of knowledge

Therapies and clinical trials available
Risks and benefits of tests and
procedures

Prognosis and level of certainty for what
the future holds

Supportive care options

ATAQ-IPF: A tool to assess quality of life in IPF, BDI-TDI: Baseline dyspnea index-transition dyspnea index, CQLQ: Cough quality of life
questionnaire, D-12: Dyspnea-12, EQ-5D-5L: EuroQol-5 dimension-5 level, ESS: Epworth sleepiness scale, FAS: Fatigue assessment scale,
GAD-7: Generalized anxiety disorder-7. HADS: Hospital anxiety and depression scale. IPF-PROM_: IPF Patient-reported outcome measure.
K-BILD: King’s brief interstitial lung disease health status questionnaire, LCQ: Leicester cough questionnaire, MFI: Multidimensional

fatigue inventory, mMRC: modified medical research council dyspnea scale, PESaM_: Patient experiences and satisfaction with medication,
PROMIS: Patient-reported outcome measurement information system, SA-SDQ: sleep apnea scale of sleep disorders questionnaire, SF-36: Short
form-36, SGRQ-I: IPF-specific version of the St, George’s respiratory questionnaire.
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Table 4. Health related quality of life in rare interstitial lung diseases.
. . . Sample size and
Disease HRQoL measure and results Comparative findings
reference
SF-36 domains “General Health”
and “Vitality” were lowest, indicat-
ing worst perceived health. ~35% . . . .
g worst p . ¢ QoL in LAM is markedly im- N=45, Queiroz et al.**
had clinical anxiety and 17% de- . .
ression paired despite moderate lung
p T . function; psychological factors | N=89, McCormack et al.
MILES trial: sirolimus improved : : o s
and exercise capacity correlate MILES Trial*
LAM EuroQoL and VAS QoL score but .
. . with SF-36 more than FEV .
showed no significant change in SF- L o !
Sirolimus stabilized lung func-
36 or SGRQ scores. tion and modestly improved N=69, Walker et al.?®
The LAM-specific ATAQ-LAM 0oL y mp =% :
showed strong internal consistency ’
and its scores (e.g. dyspnea domain)
correlated with FEV .
Baseline mean+SD SGRQ total SGRQ scores were substan-
score was 20.2 + 18.8 indicating tially higher (worse QoL) in
mild- moderate HRQoL impairment. | PLCH patients. A higher SGRQ
PLCH Patients who later had lung function | (by ~10 points) at baseline was | N=58, Tazi et al.”’
deterioration had a worse SGRQ at significantly associated with
baseline (mean ~25.7) vs those with- | increased risk of FEV and
out decline (~15.1) DLCO decline over time.
In a randomized trial, SGRQ total . L.
- . Q . QoL improved with inhaled
scores significantly improved in GM-CSF led to clinicall
PAP the GM-CSF treatment group by 3 . nealty N=36, Tian et al.”®
- meaningful SGRQ improve-
months (and maintained through 24
ment vs placebo
months) compared to no treatment
PPFE No quantitative HRQoL data
HPS No dedicated QoL scores
BHDS No quantitative HRQoL data
PAM No published QoL scores
. HRQoL in familial fibrosis is
FIP No specific data . Q .
similar to sporadic IPF.
No ILD-specific QoL study. In
Pulmonary . L . . 2
ey systemic amyloidosis, baseline SF- N=544, Seldin et al.
amyloidosis .
36 scores were dramatically low.
ATAQ-LAM: A tool to assess quality of life in LAM. BHDS: Birt-Hogg-Dubé syndrome. FEV : Forced expiratory volume at one second. FIP:
Familial interstitial pneumonias. GM-CSF : Granulocyte macrophage colony stimulating factor. HPS: Hermansky-Pudlak syndrome. HRQoL:
Health related quality of life. IPF : Idiopathic pulmonary fibrosis. LAM: Lymphangioleiomyomatosis. PPFE: Pleuroparenchymal fibroelastosis.
PAM_: Pulmonary alveolar microlithiasis. PAP: Pulmonary alveolar proteinosis. PLCH: Pulmonary Langerhans cell histiocytosis. QoL: Quality of
Life. SF-36: Short Form-36. SGRQ-I: St. George’s Respiratory Questionnaire. VAS: Visual Analog Scale.
Higher SGRQ scores denote worse QoL (range 0-100). SF-36 is scaled 0-100 per domain (higher = better). Each disease’s rarity limits sample sizes,
and many findings are from registry or case series rather than large, controlled studies. QoL in these rare ILDs is generally significantly lower than
age-matched healthy norms, underscoring the burden of disease. All references are provided for specific data points.
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disease-specific QoL scales are noted, along with
sample sizes (N), key QoL results (mean or median
scores), and any comparative findings (e.g. vs. con-
trols or general population).

PSYCHOLOGICAL WELL-BEING AND
EMOTIONAL BURDEN

Patients with rare ILDs commonly experience sig-
nificant psychosocial challenges including anxiety,
depression, isolation and frustration. 46% of women
with LAM have clinically significant anxiety and 55%
report symptoms of depression.*® Many patients worry
about what the future holds as the disease progresses,
especially since LAM often affects younger women
and can lead to unpredictable lung function decline.
Women with LAM often feel frustrated by their phys-
ical limitations and the way LAM “takes experiences”
from their lives.® In focus groups, patients described
feeling life had been “ripped out from under” them,
reflecting high frustration and resentment toward the
disease. Hope tends to remain high for most LAM
patients; many women exhibit resilience and even
find positivity or purpose despite LAM (e.g. adopting
coping strategies and a “Flip” positive mindset).’! In
another rare ILD, 31% of adult PLCH patients have
clinically significant anxiety measured by the Hospi-
tal Anxiety and Depression scale (HADS).!"! In a large
U.S. claims-based cohort, ~29% of PAP patients had
a diagnosed anxiety or depressive disorder.*? Frustra-
tion is frequently voiced by PAP patients. They can
be frustrated by symptoms (like breathlessness and
fatigue) and the need for invasive treatments (e.g., re-
peated lung lavages), as well as the lack of a definitive
cure.”” No specific patient-survey data are available
about the emotional status of other rare ILDs due to
their extreme rarity.

The unpredictable course of rare ILDs (some pa-
tients stabilize, others progress) can cause frustration.
Patients often feel distressed by the lack of knowledge
about the disease and the limited treatment options,
which adds to their frustration. Rarity of the diseases
almost certainly leads to ‘feeling isolated’ and patients
have difficulty finding others who share their diag-
nosis. However, social support in LAM is generally
strong, and most patients report adequate support net-
works. The LAM community (e.g. the LAM Founda-
tion’s “Lammies”) provides connection with fellow
patients, which helps mitigate isolation.*
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EXPERIENCE WITH HEALTH CARE SYSTEMS

The experiences of patients with rare ILDs within the
healthcare system are shaped by the unique challenges
and needs associated with living with a rare disease.
Many patients may face a lack of specialist guidance
during the diagnostic and treatment process and often
have to exert significant effort to access accurate infor-
mation and appropriate care due to the limited number
of physicians with expertise. This situation places an
additional burden on patients in terms of navigating
the healthcare system and reaching the right center
and specialist. Even if patients are able to reach the
right physician and center and are followed up in such
specialized facilities, these centers are often not locat-
ed in the city where they live. As a result, they may
face additional social and economic challenges such
as difficulties with transportation, accommodation,
and financial burden. Furthermore, in emergency sit-
uations like pneumothorax, there may not be enough
time to access these specialized centers, leading pa-
tients to seek care in non-specialist hospitals or from
non-expert physicians, which can present additional
difficulties.

Patients emphasize the importance of a multi-
disciplinary approach: they prefer to be followed in
centers where pulmonologists work in collaboration
with thoracic surgeons (for pneumothorax manage-
ment), radiologists, rheumatologists, nephrologists
(for renal angiomyolipoma), dermatologists (skin
manifestations), and, when necessary, transplant
teams.>* Since rare ILDs can involve extrapulmonary
manifestations, coordination among different special-

ties ensures more comprehensive care.

One of the key challenges in the healthcare ex-
perience is the lack of access to information and ap-
propriate guidance.* Many patients report having to
conduct their own research to obtain comprehensive
information about the disease after receiving a diag-
nosis. In this regard, rare disease databases such as
Orphanet serve as valuable resources.®® Living with a
rare ILD may present a challenge for patients also due
to the gaps in patient education, which can impact pa-
tient health and quality of life. Patients with rare ILDs
feel they lack knowledge, such as disease progression,
symptom management, and coping strategies. The re-
sults of a study conducted by asking open-ended ques-
tions to patients with systemic sclerosis-associated
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ILD underscores the importance of tailored education-
al interventions to empower patients.>

PATIENT SUPPORT GROUPS AND ASSOCIATIONS

Patient support groups have become a positive com-
ponent of the healthcare experience for individuals
with rare ILDs. For example, The LAM Foundation
(USA) and LAM patient organizations across Europe
(LAM Action, LAM Italia) provide patients with re-
liable information and opportunities to connect with
others living with the disease. The message, “You are
not alone; many others have walked this path before
you,” forms the foundation of these support groups.
Through these platforms, patients can share their ex-
periences, access lists of expert physicians, and stay
informed about emerging treatment or research oppor-
tunities.*

TREATMENT EXPECTATIONS

Patients expect that the treatments they receive will
help control the progression of their disease and pre-
serve their quality of life. Patients primarily expect
treatment to alleviate symptoms such as dyspnea and
fatigue and to enable them to maintain their daily ac-
tivities.”® Similarly, patients whose exertional dyspnea
has improved through medical treatment or pulmonary
rehabilitation report being able to participate more ac-
tively in social life.’” In the long term, patients hope
not only for the stabilization of disease progression
but also, if possible, for regression or the discovery of
curative therapies. For example, patients with LAM
closely follow new drug development research; in one
survey, 75% of individuals with LAM identified the
opportunity to participate in clinical trials as a signifi-
cant unmet need.’

Another key expectation from treatment is that side
effects remain manageable. Patients expect their phy-
sicians to proactively manage these adverse effects and
to preserve quality of life through dose adjustments
or supportive therapies. The Patient Experiences and
Satisfaction with Medications (PESaM) questionnaire
was developed and validated to assess patient-report-
ed experiences, satisfaction, and expectations regard-
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ing medication use in IPF. It has shown good content
and construct validity and could been effectively used
in studies to support shared decision-making by cap-
turing patients’ views on treatment effectiveness, side
effects, and ease of use.’® PESAM is a measurement
tool to use both daily practice and research purposes.

For those with advanced disease, expectations also
extend to lung transplantation: patients anticipate be-
ing promptly listed when appropriate and receiving
timely support throughout the transplant process. In
summary, the ideal treatment approach for patients
with rare ILDs is one that halts disease progression,
controls symptoms, minimizes side effects, and en-
ables patients to maintain as normal a life as possible.
While current therapies partially meet these goals and
are met with patient gratitude, the absence of a de-
finitive cure continues to shape their hopes for future
therapeutic advancements.

CONCLUSION

The experiences of patients with a rare ILD not only
reveal the pathophysiology of the disease but also
highlight its human dimension. Patients living with
these rare diseases face the daily struggle of breath-
lessness and fatigue, while also coping with uncer-
tainty, anxiety, and social isolation. Understanding
the perspective of patients is key to providing better
care through an empathetic approach. Pulmonolo-
gists should be aware of the quality-of-life concerns
of these patients, the impact of diagnostic delays,
the barriers they face in accessing treatment, and the
psychosocial burden of the disease. Patients want to
be heard, understood, and treated through a holistic
approach. Improving care for patients with rare ILDs
requires a multidisciplinary and patient-centered ap-
proach that goes beyond medical treatment to address
emotional and social needs. Physicians must listen not
only to what patients say but also to what they may not
be able to express, recognizing that only then can the
challenges of living with a rare disease be truly allevi-
ated. This empathetic and comprehensive perspective
can make a meaningful difference in the lives of pa-
tients and lead to a more effective treatment journey
for all involved.
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ABSTRACT

Although this book chapter is framed under the title The LAM Story, its broader aim is to illuminate
how physicians, scientists, patients, and their families can come together around a rare disease, uniting
with the shared purpose of developing effective treatments and ultimately better survival. By tracing
this journey, from the intimate beginnings of a unique personal story that sowed the first seed, to the
collective endeavor of thousands joining hands, it seeks to inspire the emergence of similar narratives
across other fields of medicine and beyond.

The opening of the chapter recounts the testimony of Sue Byrnes, who, beyond being the founder of
the LAM Foundation, speaks as a mother and a caregiver who refused to surrender to despair. Her
account portrays a figure who, while navigating paths previously unknown to her, had the courage to
open doors, guide companions, and become a beacon of resilience. In doing so, her story reminds phy-
sicians, medical fellows, and scientists alike that their true domain is the human being. It brings science
down from its above clouds abstraction to the lived realities of patients and their families, urging those
engaged in research to recall for whom and toward what promises they dedicate their work.

The founding story of the LAM Foundation begins with a determination to draw attention of relevant
institutions to the challenges faced by patients with rare diseases, particularly the consequences of
lacking access to scientifically supported information on diagnosis, treatment, and prognosis. It con-
veys the psychological and social dimensions experienced by a patient, and her family, who suddenly
find themselves confronted with a disease of difficult clinical course at a moment when they felt at their
strongest. At the same time, the obstacles encountered on the path to diagnosis reflect circumstances
that remain relevant for many rare diseases even today.

Rather than withdrawing from the struggle, the story demonstrates how taking the necessary steps
one after another can yield consequences on the individual, patient-group, and societal levels. The
establishment of a foundation where patients, their families, and physicians working in the field could
come together, the support of research aimed at enabling effective treatments through the resources
it generated, and the creation of opportunities for all members of the team to engage in scientific and
social settings while learning from each other’s perspectives together offer a methodological model.
This model, rooted in lived experience, presents an approach adaptable to diverse fields.

The second part of the chapter presents the reflections of Professor Francis X. McCormack, whose
extensive contributions have shaped the field of rare interstitial lung diseases. Professor McCormack
offers a historical overview of the scientific research that has carried this journey to the present day.
The concluding epilogue resonates not only with physicians and scientists but also with decision-mak-
ers in the pharmaceutical industry, the third essential pillar in the search for therapies in rare diseases.
In doing so, he underscores the shared responsibility of all stakeholders in healthcare systems, high-
lighting the profound significance of each step. Recent advances and future directions are also cited in
relation to treatment options and organizational purposes.

Finally, by considering the human being, especially the patient and their loved ones, as a biopsychoso-
cial whole, this part of the book brings together diverse perspectives. It invites readers to reflect upon
their own stories and, in doing so, encourages them to take action.

Keywords: Rare interstitial lung diseases; Orphan diseases; Orphan drugs; Holistic approach;
Lymphangioleiomyomatosis; Narrative medicine; Advocacy
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OZET

Okstiz hastaliklart kapsayan bu kitapta LAM Hikayesi ad1 verilse de bir nadir hastalik i¢in nasil hekimlerin, bilim insanlarinin, hastalarin ve
hasta yakinlarinin bir araya geldigini, etkili tedavi ve sonugta da yagam suresini artirmay1 hedefleyip nasil basarilara imza attigin1 anlatarak
gelecekte benzer hikayelerin diger alanlarda da hayata gecmesine aract olmak amaglanmistir. Sureci ilk tohumun atilmasina yol agan 6znel ve
ozel bir hikayeden alip binlerce kisinin bir amag ugruna el ele vermesinin hikayesi anlatilmaktadir. Sue Byrnes, LAM Vakfinin kurucusu olmasi
sifatinin otesinde bir anne, yenilgiyi kabul etmeyen bir hasta yakini, hakkinda higbir fikri olmayan yollar1 cesaretle kat ederken kapilar1 agan,
yol arkadaslarina rehberlik eden bir insan olarak ilk bolimde yasadiklarin1 anlatmaktadir. Bu anlatilanlar ayni zamanda, hekimlere, hekim aday-
larina, bilim insanlarina ugrag alanlarinin insan oldugunu yeniden animsatacak, bilimin bulutlar tizerindeki yerinden yer yuzine, hasta ve hasta
yakinlarinin yanina indirerek kime, ne vaat ederek ¢aligsmalari gerektigini bir kez daha fark ettirecektir.

LAM Vakfinin kurulug dykiisit nadir hastaliklarin yasadiklar zorluklara, o6zellikle de bilimsel verilerle desteklenen tani, tedavi ve prognoz bil-
gilerine ulasamamanin neden oldugu durumlara ilgili kurumlarin dikkatini ¢ekme kararlilig1 ile baglamaktadir. En guglii oldugunu dusiindugu
zamanda, birdenbire zor bir klinik seyri olan bir hastalikla ytizlesen hastanin ve onun yakinlarinin hissettikleri konunun hem psikolojik hem
sosyal yonuniu gozler ontne seriyor. Ote yandan taniya ulasirken yasanan sorunlar da ¢ok zaman nadir hastaliklar i¢in gunumuzde de gecerli
olan durumlari iceriyor. Mucadeleden kagmak yerine atilmasi gereken adimlari birbiri ardina atmanin hem bireysel hem hasta gruplari hem de
toplumsal sonuglarini fark edebilmek bu hikayenin devaminda muimkiin oluyor. Hastalarin ve yakinlarinin ayni1 zamanda konuyla ilgili ¢caligan
hekimlerin bir araya geldigi bir vakfin kurulmasi, onun elde ettigi gelir ile etkili tedavinin bulunmasina olanak taniyacak aragtirmalarin destek-
lenmesi, ekibin biitiin iyelerinin bilimsel ve sosyal ortamlarda bir araya gelerek birbirinin bakis agilarini 6grenmesi bir yontem bilgisi olarak da
cesitli alanlara uyarlanabilecek bir model sunuyor.

Ikinci bolum, nadir interstisyel akciger hastaliklari alanina sayisiz bilimsel katkilar yapmis olan Profesor Francis X. McCormack’in stirecte
bilimsel aragtirmalarin tarih¢esini ve bugiine uzanan yolun 6zetini paylastigi kisimdir. Ozellikle bolum sonuna ekledigi epilog ile hekimlere ve
bilim insanlarina, hatta nadir hastaliklarda tedavi arayisina destek olmasi beklenen, sac ayaginin ti¢tincti parcasi olarak ilag endustrisinin karar
alicilarina, hepsinin birlesmesinde genel olarak saglik sistemlerinin paydaglarina atilacak her adimin anlamim fark ettirmektedir. Ayrica, bu
bolimde tedavideki yeni gelismeler ve organizasyon agisindan yeni yapilanmalar gibi konulardan da soz edilmektedir.

Biyopsikososyal bir varlik olarak degerlendirdigimiz insan (0zelde hasta ve hasta yakinlari), kitabin bu bolumiinde butun bakis acilarini bir
arada gormeye ve okurlari kendi hikayeleri i¢in dustiinmeye, sonra da harekete gegmeye yureklendiriyor.

Anahtar Kelimeler: Nadir interstisyel akciger hastaliklari; Oksiiz hastalik; Biitiinciil yaklagim; Lenfanjiyoleyomiyomatozis; Anlatt1 tibbi;
Hak savunuculugu

LAM FOUNDATION: life was changed for'ever. Anc%rea suffered through
numerous reconstructive surgeries and three years of

GRASS ROOTS PATIENT ADVOCACY rehab- all to no avail. She was left with an incredibly

Seeking for the Diﬂgl‘lOSiS of weak knee and a 12” scar. My daughter never played
L . another game of soccer. She returned to college but
Lymphanglolelomyomat03|s “—AM] giving up soccer caused anxiety attacks that would
As founder of the LAM Foundation, I would like to continue to haunt her.
begin my contribution to the Lymphangioleiomyo- Andrea and I have always been very close. We of-
matosis (LAM) story by expressing my gratitude to ten sat together on her bed before she turned in for the
the editors of this book for their interest, and to the night. It was in 1992 when we were talking in bed and
readers, whose engagement may help our story grow she asked, “If I tell you something, will you not think
in their minds, hearts, and practices. I will briefly I'm crazy?” “Of course not,” I replied. Andrea said, “I
share my personal journey, “Devastation to Destina- know this sounds strange, but I feel like I have a ter-
tion”, from the very beginning in the hope that our rible disease”. I, of course, was stunned because there
experiences will illuminate a path for others facing was nothing to indicate that that could be the case. She
the unthinkable, a devastating diagnosis of an orphan had no explanation-it was simply a feeling she had had
condition in a loved one. I will then pause to give the inside for some time and had just picked up the nerve
floor to Dr. McCormack, who will provide the scien- to tell me. Andrea had always been intuitive, and she
tific perspective. often sensed things before they happened, but this was
My daughter Andrea was a tremendous soccer just too eerie for words.
player. Soccer was Andrea’s passion, her identity, and In 1993, Andrea began to experience severe ab-
the motivation that kept her going, until she could go dominal pain that wouldn’t go away. I’ll never forget
no more. In 1991, during her freshman year at Mount the heartbreak and helplessness I felt seeing her lying
Union College, she severely injured her knee, and her on the floor of our family room writhing in pain. On
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six different occasions, we rushed her to the emergen-
cy room but received no definitive diagnosis. During
their examinations, doctors saw the long scar on her
leg, listened to her story, and concluded that her pain
was emotional. She was often sent home with a di-
agnosis of spastic colon or irritable bowel syndrome,
“most likely due to anxiety or stress”. The lack of a
definitive diagnosis was frustrating, but to hear doc-
tors imply that it could be in her head was madden-
ing. How can you judge the extent of someone else’s
pain? It was clear that the pain was real. My daughter
was tough; she was not one to exaggerate. Through
her long-time involvement in sports, she had proven
her high tolerance for pain, but I had no idea about
what tests should be done to dig deeper, and I certainly
wasn’t qualified to battle with the experts. I felt help-
less and didn’t know where to turn.

Later that year, the family went to visit Andrea
at Bethany College in West Virginia where she was
coaching women’s soccer. As we watched her soccer
game and cheered the team on, Andrea’s abdominal
pain began to resurface more severely than ever. Para-
medics were called and I will never forget watching
Andrea being carried up the long steep hill from the
soccer field to the ambulance waiting to take her to
the emergency room — yes, one more time. When we
arrived at the hospital and explained to the doctor that
she had previously been diagnosed with spastic colon
and irritable bowel syndrome, he immediately reject-
ed the diagnosis, explaining, “Her pain is much too
severe for either of those. We need to do a CT scan.”
Finally! Someone was going to pursue this further! I
was grateful for the doctor’s diligence but not pleased
with what he discovered. A CT scan of the abdominal
area revealed that Andrea had a massive 21-centimeter
tumor on her kidney, and it had been hemorrhaging.
The doctor explained that the tumor had to be removed
right away and that she would undoubtedly lose her
kidney. The results revealed that it was a benign tumor
called an angiomyolipoma. The news was much better
than we expected, and Andrea would soon be released
from the hospital!

The following year we planned a vacation to Den-
ver, Colorado. The day before we left, Andrea’s short-
ness of breath was coupled with relentless chest pain,
so we postponed our trip. We made an appointment
with the doctor who listened to her chest and said her
breathing sounded fine. He did not see the need for an
x-ray, surmising that her chest pain and shortness of

[N}
9}

breath were most likely signs of anxiety. Andrea was
feeling much better the next morning and thought she
could make the trip. During the flight to the mile-high
city, Andrea’s symptoms returned and grew rapidly
worse. Her breathing was extremely difficult and the
intense pressure in both her back and chest became
unbearable. I alerted the flight attendant who called
ahead to have paramedics waiting when we touched
down. Andrea was whisked off the plane to the emer-
gency vehicle. The paramedics were immediately
alarmed because they couldn’t hear her lungs or pick
up a heartbeat. We soon learned that she had had a
tension pneumothorax. The doctors explained that she
would have died if she had arrived two hours later.

Andrea’s first appointment was with a well-re-
spected pulmonologist at the hospital who was con-
sidered the best in the city. He ordered a CT scan
which revealed small cysts throughout her lungs, but
no one, including the pulmonologist or the radiologist
who read the CT scan, had ever seen anything like it.
They couldn’t give us a potential diagnosis. Since this
disorder was such a mystery, we knew we had to be
thorough in our investigation. I contacted the National
Institutes of Health (NIH) and asked for recommenda-
tions from doctors at four major institutions to look at
Andrea’s CT scans. The waiting game was torturous
since the diagnosis reports came to us via snail mail.
All four institutions agreed that Andrea had LAM,
formally known as Lymphangioleiomyomatosis. That
word was terrifying enough, but not nearly as scary
as the content in the only article we could find. Much
of it was over my head, but it was clear that there was
no effective treatment. Panicked, my eyes frantically
searched the report for prognosis. I found it in the last
section of the article called Survival. In the very first
sentence I read that in 1973, “death from respiratory
insufficiency usually occurred within four years of the
onset of lung disease.” Then the authors of the 1990
publication referred to more “encouraging news” from
their study, showing that 78% of their patients were
still living 8.5 years after the onset of disease. They
call this encouraging news?!

There were no adequate words to describe this
horror. My mind was filled with a million agonizing
thoughts. How long would my daughter be with me?
What would I ever do without her? But Andrea was
my major concern as she waited unknowingly in the
outer room. How would she handle this? How do we
break the news to her? Parents are supposed to protect
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their children, but we couldn’t protect her from this.
Childrearing manuals don’t instruct you how to tell
your 22-year-old daughter that she has a disease that
could take her life.

Living with the Diagnosis of LAM

It was time. The next day we faced the delicate task
of sharing the news with Andrea. She was stunned.
Oddly enough, even though it was a lung disease, the
first thing she asked was if she could have children.
We had read in the article that pregnancy is thought to
accelerate the disease, so learning that was difficult for
all of us, but especially for her. She was so good with
children and had always wanted “tons of them”, which
is why she chose to be an elementary teacher. Andrea
was sobbing as she threw her arms around us and said,
“I am so scared!” We held her tightly as all of us wept.

I immediately wrote to Dr. Francis X. McCormack,
a doctor who was moving from Denver to Cincinnati.
When he entered his new office at the University of
Cincinnati, he saw an empty desk . . . except for a let-
ter . . . from me. He called to schedule an appointment
with Andrea as his very first patient in Cincinnati.
During our visit, he explained that LAM is an aggres-
sive lung disease that strikes women, usually during
their childbearing years. Dr. McCormack remained as
positive as he could and described Andrea’s particular
case as mild, which was music to our ears. He said that

it would most likely be years before she might expe-
rience any symptoms. While she was encouraged by
his words, he also made it clear that she had a slowly
progressive disease with no effective treatment.

We were both trying to be brave during our trip
home. It became apparent that Andrea was contem-
plating the severity of her situation. In an effort to
comfort her, I impulsively blurted out, “I’m going to
do something about this, Andrea. I promise you, I will
change all of this.” I don’t know who put those words
in my mouth, because I didn’t have a clue what I was
going to do!! My outburst took on a life of its own,
reverberating in the silence that fell over the car. Then
Andrea reached over to touch me and said, “Mom,
you’re my best hope.” I’ll never forget those words
and the impact they had on me. They were instantly
engraved in my heart. She was right. LAM had been
identified for more than 60 years before it became part
of our lives, yet there had been no research. Could that
be altered? Could I change anything? I didn’t know for
sure, but it was clear that I needed to get busy. I was
forced to accept Andrea’s diagnosis, but I refused to
accept that LAM would take her life (Figure 1).

Dedicating My Life to LAM

The publication we received that fateful day was the
only one of any significance that we could find. Read-
ing through the article again, I noticed something at

Figure 1. Sue Byrnes and her daughter Andrea; during the Breath for Hope Gala in the LAMposium.
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the end that I had failed to see in the midst of my dev-
astation. Doctors were recommending a national reg-
istry of LAM patients. A national registry - that didn’t
sound too complicated! Perhaps I could support my
daughter by helping doctors become more knowledge-
able about LAM. The first thing I needed to do was
to find out how a national registry functioned. What I
learned rather quickly was that a national registry was
no small feat. I would need the support of Congress to
make it happen. I contacted the National Organization
of Rare Disease (NORD) to request the names of any-
one in their database who was affected by LAM. There
were only ten! I immediately picked up the phone to
enlist their help with a letter-writing campaign. The
goal: to convince Congress to push the NIH to form a
national registry of LAM patients.

Isolated and alone for many years, most of these
women with LAM had never communicated with any-
one else affected by the disease. They imagined dying
without anyone caring enough to gather their names or
organize any kind of effort to fight this rare disease on
their behalf. Many were too sick to do it themselves.
Eventually, every single one of them agreed to help

with a letter writing campaign dubbed the Labor of
Love. These ten women put me in touch with a few
other women with LAM and soon the word got out.
One-by-one, they called with their personal journeys.
Hungry for someone to listen, many of them talked
for hours! It was therapy for them, but they couldn’t
possibly know how frightening it was for me to hear
their heartbreaking words- to listen to their breathless-
ness. But these were special women and their courage
and strength amazed and inspired me. I knew I was
doing the right thing and I was determined to work
even harder.

After making the decision to spearhead a let-
ter-writing campaign for a National LAM Regis-
try, I realized I had a minor problem. I didn’t own a
computer! My portable typewriter was with Andrea
at school, so my only alternative was to drag out my
father’s antique Remington 16 typewriter (Figure 2).
The letter-writing campaign began. Dr. McCormack
suggested that I write to the pulmonary community as
well, asking them to write to the National Heart, Lung,
and Blood Institute (NHLBI) in support of a national
LAM registry. He had supported my efforts and told

Figure 2. The antique Remington 16 typewriter used by Sue Byrnes’s father. The letter which Sue Byrnes wrote to the NIH
and to Professor Francis McCormack is appearing on the paper in the carriage.
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me that what I was doing was important. He wanted
to help, had shown heart, compassion, and commit-
ment. He agreed to help with the medical database of
physicians. Together, we wrote to over 1,000 pulmo-
nary doctors. LAM patients were charged with writing
letters and encouraging others to do the same, and it
was clear they felt empowered that they were doing
something about their plight. They became even more
determined, and the letters kept coming. They sent
copies of their congressperson’s responses, and I filed
them away as mementos. Keeping busy was therapeu-
tic and the support offered by so many was rewarding,
but were we making a difference? Oh, yes! In response
to the thousands of letters they received, the NHLBI
commissioned a Working Group Committee of expert
physicians. I was continually questioned about how I
could expect the NIH to put so much effort into a dis-
ease that affects only one in a million women. People
often don’t understand that if you’re that one in a mil-
lion, it doesn’t matter how many people are affected!
I was not going to give up. Besides...I knew that there
had to be many others who had LAM without knowing
it.

In July 1995, Dr. Claude Lenfant, National Heart
Lung and Blood Institute (NHLBI) Director, invited
my husband and me to meet with him. At that meet-
ing, Dr. Lenfant not only agreed to a national registry,
but also committed to sponsoring a LAM workshop
and issued a program announcement advertising their
receptiveness to LAM grant proposals. I was thrilled!
These were major steps toward stimulating LAM
research. We had more than accomplished our goal.
Needless to say, the women with LAM and their fami-
lies were ecstatic. It was a most gratifying experience.

Dr. McCormack began to see how determined I
was to save my daughter and offered continual en-
couragement. One day he said, “Sue, if you are real-
ly serious about funding research, you need to start a
foundation”. I was definitely serious but start a foun-
dation?! The accomplishments we’d made in such a
short time were encouraging but establishing an or-
ganization by myself was daunting. It would dramat-
ically change my life. I could no longer be a music
teacher. Every relationship in my life would probably
be affected. However, my newly acquired understand-
ing of just how precious life is and the thought of los-
ing my daughter were deciding factors in moving for-
ward. I began to put the idea into motion, and before I
got out of bed each morning, I said to myself, “Every

[N}
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spare moment of today counts toward my daughter’s
life.” That’s what drove my motivation to find a cure
and I knew a foundation was my best hope.

1995 - The LAM Foundation Begins

In August 1995, I resigned from my position as an el-
ementary music teacher. My husband and I took the
necessary steps to establish The LAM Foundation as
a 501(c)(3) nonprofit organization, with research as
its central mission. Dr. McCormack agreed to become
the Founding Scientific Director. The dining room be-
came my office and the search for a cure began. “A
journey of a thousand miles begins with a single step”
by Chinese philosopher Lao-tzu was chosen to repre-
sent our efforts to find a cure.

As LAM patients were referred to the Foundation,
my list of ten women grew to 88 in the first year. One-
by-one, they learned of the Foundation’s existence and
called with their personal stories. They described LAM
as the “lonely disease”, expressing that it was like be-
ing stranded on an island with no one caring enough to
even gather their names. One patient told me that, as
she passed people on the street she thought, “Not one
of them will ever know or care about what I'm going
through.” Most women with LAM had never talked to
anyone else who was affected by the disease, so relat-
ing their past history was therapeutic. Most of them
had gone misdiagnosed and undiagnosed for years,
some having as many as fifteen lung collapses before
learning they had LAM. Women with LAM were told
that their shortness of breath was “in their heads” or
they were “out of shape” and often advised to see a
psychiatrist.

Listening to their personal journeys and hardships
became especially painful for me. I envisioned my
daughter as they related their stories, realizing that
she, too, could face the same fate. It was important
for me to listen to every word, because I would want
someone to do the same for my daughter. After grap-
pling with this disease for years, I still wake up in the
night in disbelief that my daughter has LAM. As time
went on, I felt an indescribable bond with these wom-
en. They were my inspiration and my strength, making
me more and more determined to find a cure.

But in my effort to help these women, I found my-
self overwhelmed by a world completely foreign to
me; I functioned daily outside my realm of expertise.
I knew very little about scientific research and I was
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forced to become knowledgeable about the endless pa-
rade of obligations that running a Foundation entailed.
However, we had accomplished our first goal to form
a National LAM Registry, so it gave me the courage to
move forward and the hope that we could actually find
a cure. We were on our way to funding the first-ever
LAM research!

FOR THE EFFECTIVE TREATMENT
Dr. Francis X. McCormack

Formation of the LAM Foundation in 1995 was the
pivotal step in all progress that followed for LAM. Pa-
tients registered at the rate of about 100 per year in
the early years of the organization, and before long
numbered in the thousands. Sue Byrnes did a fantas-
tic job of gaining their trust and convincing them of
the importance of supporting research, and together
we developed a model for an innovative, highly inter-
active annual conference called the LAMposium that
convened scientists and patients to discuss progress
and chart new research directions. The donations in
the first few years of the Foundation’s existence were
sufficient to fund a few pilot projects. I assembled a
volunteer scientific advisory board of physician sci-
entists who I had come to respect through my training
and early faculty years, and we established a mecha-
nism for peer review. Three amazing scientific devel-
opments occurred in the decade from 1993-2003 that
greatly accelerated progress in LAM: 1) the genes re-
sponsible for tuberous sclerosis complex were discov-
ered and linked to LAM, 2) LAM was found to recur
in transplanted lungs, and genetic studies demonstrat-
ed that the pathogenic cells that destroyed the lung
arose from the recipient, consistent with a metastat-
ic mechanism, 3) the tuberous sclerosis genes were
shown to regulate the mTOR pathway, which controls
cellular metabolism and growth, and mutations that
interfere with their function constitutively activate
mTOR in the LAM lung.!?

LAM Foundation funding, which had grown to
be much more substantial over time, played a key
role in each of these advances, and set the stage for
trials. A highly specific inhibitor of the mTOR path-
way called sirolimus (rapamycin) had recently been
FDA approved for the prevention of renal transplant
rejection and was available for testing. An open la-
bel trial of sirolimus in 25 patients with TSC or LAM
was conducted in Cincinnati to determine if the drug
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reduced the volume of angiomyolipomas (AML), the
benign kidney tumor that occurs in these patients, as a
proof of principle study.* The results were compelling.
Over the 1 yr treatment period, not only did the AMLs
shrink by about 50%, but lung function in a number
of patients with LAM improved substantially. On the
basis of this result, we approached industry (Merck)
about conducting a pivotal trial in LAM with their
mTOR inhibitor, rapamune (i.e.-sirolimus), but the
disease was considered to be too rare for the level of
investment that would be required, and they declined.
So, a group of physician investigators in the North
America and Asia banded together and applied for
and received more than $8M in funding from a doz-
en sources including the National Institutes of Health
(NIH), the Tuberous Sclerosis Alliance, Wyeth and
the Japanese and Canadian governments. The LAM
Foundation committed about $500,000, which was
a substantial fraction of their net worth, and pledged
their assistance with recruitment and logistics. The tri-
al was conducted through the Cincinnati-based NIH
Rare Lung Disease Consortium (RLDC); a network
of 10 domestic sites and 3 international sites in Cana-
da and Japan. The double blind, investigator initiated
Multicenter International LAM Efficacy of Sirolimus
(MILES) trial (NCT00414648 ) was designed to test
the hypothesis that sirolimus stabilizes lung function
(FEV1) in patients with LAM.®> Of 111 patients con-
sented, 89 were randomized to receive dose-adjusted
sirolimus or sham dose-adjusted placebo for 1 year,
followed by a 1 yr observation period off therapy. The
primary endpoint was difference between groups in
the rate of change in the slope of forced expiratory
volume in 1 second (FEV1). During the MILES study,
VEGF-D was developed as a diagnostic biomarker
that could obviate the need for biopsy.® That advance
broadened the eligibility criteria for in MILES to in-
clude subjects who had no other diagnostic features
(i.e.-concomitant TSC or AML) and who had not had
a biopsy, boosting enrollment to the point that the
study was adequately powered to answer the question
of efficacy. The conclusion of the five year long trial,
reported on April 28, 2011 in the New England Jour-
nal of Medicine, was that sirolimus stabilizes lung
function, reduces serum VEGF-D levels, and results
in improvement in some measures of functional per-
formance and quality of life.’ In the second year of
the trial when the study article was held, lung func-
tion decline resumed, demonstrating that this therapy
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is suppressive rather than remission inducing. With
this result in hand, we approached Pfizer (which had
acquired Merck) about changing the rapamune label
to include LAM as an indication, and they initially
declined due to the limited patent life and other con-
siderations. We decided to approach with the FDA
about our intent to file a Citizen’s Petition to compel
Pfizer to change the label. It turns out, the FDA is not
very fond of that approach because the pathway to
approval is not as well defined as more convention-
al routes, and after reviewing the MILES data, they
invited Pfizer to submit an application for the label
change. Pfizer was interested, and we transferred the
Orphan Drug Designation that had been obtained on
our IND to Pfizer. The FDA also advised us to ap-
ply for Breakthrough Designation, and that was also
successful. Unfortunately, since we had not planned
the trial with a LAM indication in mind, we had not
assembled a Clinical Study Report (CSR) along the
way that the FDA requires as part of the application.
Volunteers on the trial team at the University of Cin-
cinnati spent two years working with Pfizer to assem-
ble that 2,500 page document on their weekends and
evenings. The application was finally submitted to the
FDA on Christmas eve in 2014, and was approved in
June of 2015. FDA approval has been followed by
approval by governmental agencies in over 40 other
countries, including members of the European Union,
Japan and many countries in South America, all on the
basis of the MILES trial.

The NIH MIDAS Registry was established in
2015 to track the real world safety and efficacy of si-
rolimus in LAM through time (NCT02432560). These
data which demonstrate the durable efficacy and long
term safety of sirolimus use in LAM are currently be-
ing prepared for presentation at the 30th anniversa-
ry LAM Foundation Conference in September 2025.
In addition, the NIH MILED (Multicenter Interven-
tial LAM Early Disease Trial) is a randomized con-
trolled trial that was launched in 2017 to determine
if early, low dose sirolimus can prevent progression
to more advanced stages while lung disease is still
mild (NCT03150914). The last patient from that study
completed their final visit in June 2025, and the data
is currently being analyzed for presentation at the an-
nual LAM meeting as well. If positive, the hope is
that LAM clinicians start disease stabilizing therapy
earlier, in a prophylactic mode, instead of waiting for
the inevitable decline in lung function to an arbitrary

level defined by the Guidelines, such as an FEV1 of
70% predicted.”

Several resources that were developed during
MILES have proven to have lasting value. VEGF-D
remains a clinically useful diagnostic and prognostic
biomarker for LAM that limits the need for invasive
measures and helps to stratify patients for trials.'” The
Rare Lung Disease Network that was formed (in part)
for the MILES trial and other early studies continues
to conduct studies together, to review difficult cases,
and to hold international conferences.

The American Thoracic Society/Japanese Respira-
tory Society (ATS/JRS) LAM Guidelines were pub-
lished in 2016 and 2017 to encourage clinicians in the
community and in LAM clinics to treat patients with
sirolimus, make use of VEGF-D as a diagnostic test,
to not rely on CT alone for the diagnosis of LAM, to
avoid the use of hormonal therapies or doxycycline
pending definitive trials, to perform pleurodesis after
the first pneumothorax, to consider patients with prior
pleurodesis as viable candidates for transplantation,
and when biopsy is necessary, to consider less in-
vasive (including bronchoscopic) approaches before
committing to thoracoscopic lung biopsy.®®

Epilogue-There are a number of factors that have
aligned to make rapid progress in LAM possible.
LAM affects young women who are our granddaugh-
ters, daughters, mothers and wives, so there are fre-
quently three generations of family members on both
sides who are motivated to join the fight against the
injustice of a non-self inflicted disease that mimics
emphysema and strikes in the prime of life. Patient ad-
vocacy efforts by the LAM Foundation raised the pro-
file of the disease in the medical and scientific com-
munities by orders of magnitude. The LAM field has
been exceedingly fortunate for the very high level of
scientific interest that has been focused on the cellu-
lar pathways that become deranged in TSC and LAM
for more than three decades because of its central role
in cellular metabolism. The annual LAM Foundation
conference has been a primary motivating force, by
putting a human face on the disease and revealing
the urgency and importance of the work to all who
study LAM. The research funding that was generated
through that meeting and other efforts produced pre-
liminary data that formed the basis for larger federal
grants, pivotal clinical trials and breakthrough discov-
eries. The expertise, flexibility and resources of aca-
demic health centers came through for patients with
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this rare disease seeking a treatment based on a repur-
posed drug, which is not practical for pharma support,
but proved to be the fastest route to new therapies.
The altruism of physician scientists and coordinators
who donated large amounts of time and effort to con-
duct trials, compile reports and other initiatives was
exceeded only by the courage of patients who stepped
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END-OF-LIFE CAREIN
RARE INTERSTITIAL LUNG DISEASES

NADIR INTERSTISIVEL AKCIGER HASTALIKLARINDA
YASAM SONU BAKIMI

ABSTRACT

Rare interstitial lung diseases (ILD) represent a heterogeneous group of respiratory diseases charac-
terized by inflammation and fibrosis in the lung interstitium. Despite being perceived as rare diseases,
ILD is the 40th most common cause of death globally, with a 52% increase in mortality over the last
10 years. The majority of these diseases progress over time, leading to respiratory failure and the need
for comprehensive palliative care.

Increased dyspnea at rest, refractory hypoxemia, increased hospitalizations, decreased functional ca-
pacity are the most frequently observed signs of clinical deterioration. These signs indicate that it is
time for end-of-life planning for the patients and families. Patients with advanced ILD experience a
high burden of symptoms, especially at the end of life. Early integration of palliative care can signifi-
cantly improve quality of life.

A comprehensive needs assessment in individuals with interstitial lung disease (ILD) is defined as a
key component of the palliative care process. This assessment should address the physical, psychoso-
cial and practical needs of not only patients but also informal caregivers and family members, includ-
ing the timing and coordination of support services.

A multidisciplinary and individualized needs assessment approach rather than prognosis-based ap-
proaches is recommended in patients with ILD. It is important that this approach is carried out during
stable phases of the disease rather than during acute exacerbations.

Advance Care Planning (ACP) is essential in ILD and should define patient values, preferences, and
goals in advance and has been identified as an essential component of the palliative care process. Pa-
tients’ choices for end-of-life management (e.g., mechanical ventilation, resuscitation) are shaped by
prognostic understanding, disease burden, spiritual and existential concerns.

End-of-life care in rare ILDs requires a multidisciplinary and individualized approach centered on the
needs of the patient and their family. The experience and collaboration of healthcare professionals is
important in key areas such as symptom management, communication and advanced care planning.
Early integration of palliative care not only improves symptom control and quality of life but also
enhances active participation of patients and families in the care process.

In this context, incorporating current clinical guidelines and new pharmacological/psychosocial sup-
port approaches will improve the effectiveness of care. Furthermore, additional studies on the roles of
multidisciplinary teams and the experiences of patients and their families will contribute to the devel-
opment of patient-centered care models in the future.

Keywords: Palliative care; End-of-life care; Interstitial lung diseases; Rare interstitial lung diseases;
Patient centered care

OZET

Nadir interstisyel akciger hastaliklar1 (IAH), akciger interstisyumunda inflamasyon ve fibrozis ile ka-
rakterize, heterojen bir hastalik grubunu temsil eder. Nadir gorillen hastaliklar olarak algilansa da IAH
kuresel 0lgekte 40. en sik 0lum nedenidir ve son 10 yilda mortalitede %52’lik bir artig gozlenmistir. Bu
hastaliklarin butytik cogunlugu zamanla ilerleyerek solunum yetmezligine ve ileri evre palyatif bakim
ihtiyacina neden olmaktadir.
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Istirahatte artan dispne, refrakter hipoksemi, artan hastane yatiglari, fonksiyonel kapasitenin azalmasi en sik gozlenen klinik kotulesme belirti-
leridir. Bu belirtiler, hastaya ve ailesine yasam sonu planlamasinin zamanimin geldigini ifade etmek igin bir firsat sunmaktadir. Erken entegre
edilen palyatif bakim, yasam kalitesini belirgin 0l¢ide artirabilmektedir.

Interstisyel akciger hastaligi (IAH) olan bireylerde butuincul ihtiya¢ degerlendirmesi, palyatif bakim surecinin temel bilesenlerinden biri olarak
tanimlanmaktadir. Bu degerlendirme, yalnizca hastalarin degil, informal bakim verenlerin ve aile bireylerinin de fiziksel, psikososyal ve pratik
gereksinimlerini kapsamli bir bicimde ele almali; ayrica destek hizmetlerinin zamanlamasi ve koordinasyonunu da igermelidir.

IAH hastalarinda prognoza dayal1 yaklagimlardan ziyade, multidisipliner ve bireysellestirilmig bir ihtiya¢ degerlendirme yaklasimi onerilmek-
tedir. Bu yaklagimin, hastaligin akut alevlenme donemlerinden ziyade, stabil evrelerde gerceklestirilmesi Onemlidir.

Ileri bakim planlamasi hasta degerlerinin ve bakim hedeflerinin dnceden tanimlanmasini saglamaktadir. Bu planlama, hastanin karar verme
kapasitesi varken baslatilmalidir. IAH hastalarinda yagsam sonu yonetimine iligkin tercihler (6rnegin mekanik ventilasyon, resiisitasyon) bireyin
prognoza iligkin farkindalig1, hastalik yuikin ve varolugsal kaygilarindan etkilenmektedir.

Nadir interstisyel akciger hastaliklarinda yagsam sonu bakimi, hasta ve ailesinin ihtiyaclarint merkeze alan multidisipliner ve bireysellestirilmis
bir yaklagimi gerektirir. Semptom yonetimi, iletisim ve ileri bakim planlamasi gibi temel bagliklarda saglik profesyonellerinin deneyimi ve is
birligi onemlidir. Erken donemde palyatif bakim entegrasyonu, semptom kontroliinii ve yasam kalitesini artirirken, hastalarin ve ailelerin bakim
suirecine aktif katilimini da guglendirir. Bu baglamda, giincel klinik kilavuzlar ve yeni farmakolojik/psikososyal destek yaklagimlarinin da dik-
kate alinmasi, bakimin etkinligini artiracaktir. Ayrica, multidisipliner ekiplerin rolu ve hasta/hasta yakinlarinin deneyimleriyle ilgili daha fazla
calisma yapilmasi, gelecekte hasta merkezli bakim modellerinin gelistirilmesine katki saglayacaktir.

Anahtar Kelimeler: Palyatif bakim; Yasam sonu bakim; Interstisyel akciger hastaliklari; Nadir interstisyel akciger hastaliklari; Hasta
merkezli bakim

INTRODUCTION DETERMINATION OF DISEASE COURSE AND

Rare interstitial lung diseases (ILDs) represent a het- PROGNOSIS

erogeneous group of respiratory diseases characterized L L
) . . . . Prognosis is difficult to determine in rare ILDs. These
by inflammation and fibrosis in the lung interstitium.

While some rare ILDs, such as lymphangioleiomyo- diseases often present with a heterogeneous course;
matosis (LAM), pulmonary Langerhans cell histiocy-

tosis (PLCH) and idiopathic pleuroparenchymal fibro-

some progress slowly while others deteriorate rapidly.
Unlike more common ILD such as Idiopathic Pulmo-

elastosis (PPFE), may have a slow course, others may nary Fibrosis (IPF), prognostic and predictive indica-

progress rapidly, leading to severe morbidity and mor- tors for rare ILD are limited.

tality. Despite being perceived as rare diseases, ILD is The need for urgent palliative care in symptomatic
the 40th most common cause of death globally, with a ILD patients is inevitable. An even greater challenge
52% increase in mortality over the last 10 years.' The for clinics is to identify patients with ILD whose pro-
majority of these diseases progress over time, leading gression, while not yet severe, is unlikely to be revers-
to respiratory failure and the need for comprehensive ible. For IPF, disease progression is typical, making
palliative care. early palliative care appropriate. On the other hand,
This chapter aims to discuss the basic principles patients with fibrotic sarcoidosis often have minimal
of end-of-life care in rare ILDs, including symptom symptoms and may achieve long-term stabilization,
control, communication strategies, psychosocial sup- thus requiring less intensive palliative interventions.
port, and ethical approaches. Since data specific to The most difficult group to determine the need for fu-
rare ILDs are scarce, the topic is approached using in- ture palliative care is patients with non-IPF progres-
formation from ILDs in general. When a chronic lung sive fibrotic ILD with irreversible fibrosis as they may
disease progresses to the end-of-life stage, the specific either stabilize or progress despite treatment.>?

diagnosis may become less relevant. However, living

with a rare or ultra-rare disease, with its unique uncer- Factors Complicating PI’UgHOSiS in Patients with ILD
tainties and concerns, can increase the overall burden,

not only at the end, but throughout the entire course Although there are limited data and small patient

of the illness. These recommendations are provided populations in the literature, the factors complicating

to support healthcare providers until disease-specific prognosis in ILD patients are listed as below:

data on rare ILDs become available. e Heterogeneous clinical course

[N}
NS}
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*  Underlying connective tissue diseases

* Associated complications: infection, pulmonary
hypertension, pneumothorax

ILD is associated with a high disease burden and
prominent symptoms, severely reduced quality of life
and shortened life expectancy. Regardless of the cause
or histological type, chronic ILD is characterized by
cough, dyspnea, fatigue and diminished emotional
well-being, which severely impact quality of life.*> As
the disease progresses, patients experience an increas-
ing symptom burden, particularly dyspnea, which may
be even more severe than that observed in end-stage

lung cancer.%’

The Most Common Indicators of Clinical
Deterioration in Patients with ILD

Alveolar hypoventilation and hypercapnia are not
common in the early phase of acute respiratory failure
in ILDs. The respiratory muscles might be adapting
to the increase in the loads of breathing due to lung
pathology. In the more advanced stages of the disease,
fatigue develops in the respiratory muscles, leading to
carbon dioxide retention.® Acute respiratory failure of-
ten involves gas exchange abnormalities, with severe
hypoxemia and pH shift to acidosis due to carbon di-
oxide retention, particularly in advanced stages where

respiratory muscle fatigue sets in.’

Increased dyspnea at rest, refractory hypoxemia,
increased hospitalizations, decreased functional ca-
pacity are the most frequently observed signs of clin-
ical deterioration. These signs indicate that it is time
for end-of-life planning for the patients and families.
Patients and their families are often open to discussing
current needs, but they may avoid conversations about
future care. They want conversations about treatment
to be “now and here”; however, they expect future

care issues to be initiated by healthcare providers.'®

Physical, psychological, social, or existential
needs, whether explicitly stated or implied through
clinical deterioration, should trigger consideration of
a palliative approach. In addition, indirect indicators
reflecting severity of disease or health care (e.g., fre-
quent hospitalizations, respiratory failure, progressive
loss of function) can be helpful in identifying individ-
uals with such needs."

SYMPTOM BURDEN AND
PALLIATIVE APPROACHES

Patients with advanced ILD experience a high burden
of symptoms, especially at the end of life. Dyspnea,
cough, fatigue and anxiety are the most common
symptoms. Early integration of palliative care can sig-
nificantly improve quality of life.

Management of Dyspnea

Dyspnea is one of the most distressing symptoms in
ILD and contributes to a negative cycle of inactivity,
muscle loss, and physical deconditioning.'? Data on
the efficacy of opioid therapy in fibrotic ILDs are lim-
ited and the available evidence is heterogeneous. The
existing evidence does not support the concern that
low-dose opioids cause respiratory depression such
as oxygen desaturation. Clinical experience suggests
that these doses are effective for symptom relief in
dyspnea management.'> When the cause of dyspnea is
irreversible or unresponsive to treatment, opioids are
the first-line pharmacological agents for the palliative
management of dyspnea, regardless of etiology. Sys-
tematic reviews show that oral and parenteral opioids
significantly relieve the symptoms of dyspnea, while
nebulized opioids are not proven effective, and thus
not recommended. While symptomatic improvement
can be achieved with oral morphine at doses as low as
10 mg per day, a ceiling effect in efficacy is observed
at doses above 30 mg. Symptom relief can begin at
10 mg/day of oral morphine, but the maximum ben-
eficial effect is achieved above 30 mg/day. Adverse
effects such as sedation (drowsiness), nausea and con-
stipation observed at these dose ranges are generally
manageable and there is no increased risk of serious
adverse effects (e.g., respiratory depression).'

When initiating opioid treatment for dyspnea, it
is recommended to start with a short-acting formula-
tion at a regular dose (e.g., 2.5-5 mg oral morphine
or equivalent every 4-6 hours) to assess efficacy and
tolerability. Once a stable and appropriate dose is
reached, conversion to slow-release morphine may be
considered for patient compliance and symptom con-
trol.' Although opioids are frequently used to relieve
dyspnea, some patients may resist opioids due to fear
of side effects or dependence. Similarly, physicians
may under-prescribe opioids due to theoretical con-
cerns about respiratory suppression.'* The opioid ther-
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apy for refractory dyspnea is summarized as diagram
in Figure 1.3

Oxygen Therapy

Oxygen supplementation is considered the standard
treatment for ILD patients with hypoxemia and dys-
pnea. It is recommended during exercise or at rest
to alleviate symptoms. In randomized controlled tri-
als with patients with fibrotic ILDs, oxygen therapy
during daily activities has been shown to improve
quality of life. However, in clinical practice, factors
limiting the effective use of oxygen therapy include
the inability to meet the high dose requirements of
advanced patients and concerns about oxidative stress
may lead to hypercapnia or progressive fibrosis. There
is no scientific basis for these concerns, so the prior-
ity should be dyspnea relief when life extension is no
longer possible, especially in advanced or end-stage
diseases.'®!”

Non-Invasive Ventilation

Non-invasive ventilation may provide temporary relief

in selected patients but should be used with caution in
the end-of-life period. Non-pharmacological options
like non-invasive mechanical ventilation (NIMV) and
pulmonary rehabilitation have demonstrated benefits in
selected dyspnea patients.'® Holistic and patient-cen-
tered approaches to dyspnea, especially in advanced
ILD, are presented in Table 1.!

Cough Management

Persistent cough is a bothersome symptom that sig-
nificantly reduces quality of life in patients with ILDs.
Though treatment outcomes with pharmaceutical
agents vary, certain neuromodulators, such as opioids,
low-dose prednisolone, and gabapentin, may relieve
symptoms in some patients, and thus may be tried em-
pirically."

Thalidomide has been reported to have benefit for
cough in IPF in a small study but is not widely used.
Pirfenidone has been observed to reduce cough fre-
quency and improve quality of life; however, these
results need confirmation in randomized controlled

Start with oral, short-acting morphine
(Tirate weekly over 4-6 weeks)

Y

Oral morphine 0.5mg, twice daily

A4

If tolerated after one week

Oral morphine 0.5mg, six times daily

A4

If patient tolerates this dose

Oral morphine 0.5mg, six times daily
(Increase dose by 25% or 1 mg per week)

y \ 4

Has a stable dose been achieved?
(Stable dose for 2 weeks)

Opioid-related side effects
(nausea, vomiting, confusion...)

Opioid-induced constipation

| l

A4

Convert to slow-release morphine

Convert to different morphine
preparation

Initiate laxative or purgative

Figure 1. For a relief in refractory dyspnea, opioid therapy can be scheduled according to an approach in stepwise. '

Adapted from the article by Marciniuk DD, et al..

[N}
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Table 1. Holistic and patient-centered approaches to dyspnea.!

Method

Description/Use

Pharmacological Approaches

Treatment of reversible causes

Management of underlying causes such as infection,
pulmonary hypertension

Low-dose opioids

Can be used to relieve symptoms of dyspnea

Benzodiazepines

Recommended if anxiety is a major factor

Supplemental oxygen therapy

In the presence of hypoxemia

Bronchodilators

Preferred if airflow obstruction is present

Non-pharmacological Approaches

Cool air/fans

Reduce respiratory effort

Relaxation and breathing techniques

Control of respiration and anxiety management

Pulmonary rehabilitation

Improves physical endurance, supports symptom management

Positioning

Optimize respiratory muscle function

Reassurance/psychological support

Reduces anxiety and fear

Cognitive Behavioral Therapy (CBT)

For psychogenic dyspnea

Energy conservation strategies

Manage dyspnea during daily activity

Comfortable clothing

Prevent restriction of chest movement

Oral care

Prevents dry mouth and discomfort

Dyspnea Intervention Service

Multidisciplinary support

Adapted from the article by Kreuter M, et al..

trials. A new formulation of sodium cromoglycate has
been shown to significantly reduce chronic cough in
patients with IPE.%°

Medications used in the treatment of persistent
Cough in ILD are shown in Table 2.?!

In addition to pharmacologic treatments, non-phar-
macological measures such as managing gastroesoph-
ageal reflux disease, angiotensin-converting-enzyme
inhibitors, or postnasal drip should also be addressed
in ILD patients with persistent cough.?

Psychological Symptoms

Fibrotic ILD is characterized by cough and shortness
of breath. Anxiety and depression are common, espe-
cially as symptoms worsen. The psychosocial burden
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affects both patients and caregivers, and the need for
support often increases as the disease progresses.

Antidepressants and anxiolytics are recommended
for the management of depression and anxiety. Anti-
psychotics may be necessary for managing delirium.
In order to provide effective palliative care, compre-
hensive psychosocial assessment is crucial, including
communication quality with family and caregivers.
Establishing communication between family mem-
bers is important to increase the support the patient
receives from his/her social environment. Interven-
tions like short-term psychotherapy, problem-solving
therapy, and counseling can improve the patient’s psy-
chological well-being.?

Common psychological stressors causing anxiety
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Table 2. Medications for persistent cough in ILD.?!

Severe cough, in the
terminal period

Medication Dose Remarks
. 10-30 mg orally, 3-4x/day - .
Cough suppressants Codeine (max 120 mg/day) Addictive potential
(antitussives) 10-30 mg orally, 3-4x/day Non-opioid, alternative to
Dextromethorphan (max 120 mg/day) codeine
Morphine

2.5-5 mg orally, every

4 hours Used in palliative care

In palliative care

Local anesthetics Lidocaine 2-5 mL of 2% every Temporary effect, risk of
(neu-ropathic cough) (nebulize/spray) 6-8 hours aspiration
. 100-300 mg/day, .
Gabapentin Up to 600-1800 me/day For neuropathic cough
Neuropathic cough treatment
Precabalin Start 25-75mg/day,
£ Up to 150-300 mg/day
Bronchodilators Theophylline 100-200 mg orally, Use if bronchospasm is
every 12 hours present
Prednisolone 10-40 mg/day orally, For inflammation
taper as needed
Steroids 4 " lit
Dexamethasone : -8 mg/day orally/ Useful i @er_na or
intravenously compression is present
Ber}zonatate 100-200 mg orally, Do not chew or swallow or
Peripheral cough every 8 hours, open the capsule
Other agents Receptor blocker max 600 mg/day p P
Thalidomide 100 mg orally at bedtime Sedative, teratogenic

Mucolytic Acetylcysteine

600 mg orally 1-2x/day
Nebulized 3-5 mL of
20% solution

Adapted from the article by Morice AH, et al.

and depression in most patients include uncertainty
about illness trajectory and treatment, fear of death
and existential distress, loss of identity and roles, guilt
or worry about family and regret about unfinished
goals. Recent meta-analyses confirm the effectiveness
of non-pharmacological interventions on anxiety and
depression such as mindfulness-based cognitive ther-
apy, meaning-centered psychotherapy, spiritual sup-
port, dignity therapy, social support, patient-centered
communication and complementary medicine (e.g.,
aromatherapy, massage, reflexology, acupuncture,
hypnotherapy, music therapy, reiki).**

All patients with advanced ILD should be offered
evidence-based psychological interventions, regard-
ing their current or foreseeable difficulties and risk of
psychiatric morbidity. These not only reduce emotion-

[N}

al distress but also help patients adjust and maintain
quality of life.?*

Delirium is frequently observed in late-stage ILD,
especially during the end-of-life stage. It may be
triggered by hypoxia, hypercapnia, medication side
effects (opioids, corticosteroids), or systemic inflam-
mation. Pharmacological treatment may be required in
addition to patient comfort, management of pain and
dyspnea, regulation of nutrition, and reduction of dis-
tress. Medications used in the treatment of delirium
are summarized in Table 3.2

It is often difficult to distinguish symptoms such
as depression, anxiety and delirium from the termi-
nal stages of the disease. Therefore, palliative care
providers should be in contact with psychiatrists for

(9]
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Table 3. Medications for Delirium in ILD.**
Medication Dose Remarks
Antipsychotics Haloperidol 0.5-2 mg oral/IV/IM, repeat Monitor ECG
(in hyperactive delir-ium) P every 30-60 minutes (QT prolongation risk)
Risperidone 0.25-1 mg orally iti)flzrrr:r?t 1naltlizlnotl;er1dol-
Atypical antipsy-chotics Olanzapine 2.5-5 mg orally/IM . patient .
Quetiapine 12.5-50 me orall Risk of sedation in hypoactive
P ’ & y delirium
. . 0.5-1mg oral/SC/IV Use with antipsychotics to
Benzodiazepines Lorazepam . . : ..
- . . 1-2.5 mg SC/IV infusion; 0.5-2 | prevent worsening delirium
(terminal agitation) Midazolam
mg/hour alone
L . Midazolam SC/1V infusion Refractory delirium and
Palliative Sedation . . .
Propofol In intensive care conditions uncontrolled symptoms
1V: intravenous, IM: intramuscular, SC: subcutaneous, ECG: electrocardiogram.
Adapted from the article by Agusti A, et al. and Cherny NI, et al..

comorbidities that require psychopharmacological
and psychotherapeutic interventions and affect the pa-
tient’s quality and length of life.

Palliative Sedation

Palliative sedation is administered to terminally ill pa-
tients when they experience severe pain and unbear-
able suffering. Sedation refers to the use of soothing/
sedative medications aimed at alleviating or eliminat-
ing pain, discomfort, and anxiety, based on established
procedures and guidelines.

Palliative sedation (PS) is used at the end of life
to alleviate unacceptable pain that is refractory to oth-
er therapies, or when other therapies are not expected
to help in a given timeframe. PS is employed when
traditional opioid-based treatments fail to adequately
control pain or cause severe complications. It is also
preferred for alleviating physical symptoms such as
delirium, pain, dyspnea, nausea, and others. PS is of-
ten associated with agitation in the last days and hours
of the patient’s life.”’

Midazolam is the preferred first-line sedative and
is administered by intravenous (IV) or subcutaneous
infusion. Midazolam should be started with 0.5-1 mg
IV every 3-4 minutes until the desired sedation depth
is achieved. Dose adjustments are necessary for elder-
ly or patients with liver/kidney impairment.?®

Dexmedetomidine is a highly selective a2-adren-
ergic receptor agonist used for sedation in mechanical
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ventilated perioperative patients. Clinical case studies
show that it has provided benefit in intractable pain
and management of delirium and can be safely used
in palliative care units. In addition, dexmedetomidine
offers “wakeful sedation” and is useful for agitation
without suppressing respiration. Unlike benzodiaze-
pines and opioids, it allows patients to remain oriented
and communicative.”®

As for propofol, there is limited data on its use
in palliative sedation. These studies suggest that IV
propofol is safe and effective in experienced hands,
particularly in intensive care.?®

ADVANCE CARE PLANNING AND
COMMUNICATION

Advance Care Planning (ACP) is essential in ILD and
should define patient values, preferences, and goals in
advance and has been identified as an essential com-
ponent of the palliative care process.” Patients’ choic-
es for end-of-life care (e.g., mechanical ventilation,
resuscitation) are shaped by prognostic understand-
ing, disease burden, spiritual and existential concerns.
ACP improves patient engagement, preference docu-
mentation, and perceived control over illness. Impor-
tantly, preferences may evolve over time and should
be revisited regularly.’®" Effective ACP requires
skilled, trusted healthcare professionals, involvement
of caregivers (with patient’s consent), discussions tai-
lored to patient readiness and condition. Talks should
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be conducted at the patient’s convenience and with the
participation of caregivers.’>*

Early planning and proactive communication
about disease progression and end-of-life care needs
improve adaptation and reduce uncertainty in patients
and families.**

|dentifying Goals of Care

A comprehensive needs assessment in individuals
with ILD is defined as a key component of the pallia-
tive care process. This assessment should address the
physical, psychosocial and practical needs of not only
patients but also informal caregivers and family mem-
bers, including the timing and coordination of support
services. The literature emphasizes that this process
should be comprehensive, accessible (e.g., including
home visits), interdisciplinary and organized to avoid
redundancy.?>-3¢

A multidisciplinary and individualized needs as-
sessment approach rather than prognosis-based ap-
proaches is recommended in patients with ILD. It
is important that this approach is carried out during
stable phases of the disease rather than during acute
exacerbations. In the literature, there are three system-
atic models described for ILD patients: NAT-ILD (a
validated needs assessment tool), ILD-palliative care
package (a multidisciplinary and clinician-focused
decision support tool) and IPOS (Integrated Palliative
Care Outcome Scale to assess physical and emotion-
al symptoms and communication/practical issues).
These structured assessment approaches support a
more effective identification and management of the
needs of both patients and caregivers.*

Legal and Ethical Documentation

Although all discussions are relevant to the broad
spectrum of severity, the needs of patients with ad-
vanced or end-stage ILD are highly variable. Digni-
fied end-of-life care and death mean avoiding futile
interventions such as invasive ventilation, extracorpo-
real membrane oxygenation and resuscitation in dying
patients. However, the judgments and expectations of
patients with end-stage disease and their caregivers
should be recognized and taken into account.”’

Mechanical ventilation, especially when applied
invasively, is associated with extremely high mortal-
ity in patients with IPF. Therefore, invasive mechan-
ical ventilation should be avoided in the majority of
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patients with IPF-related respiratory failure. In such
patients, NIMV should be prioritized. The decision for
intubation should be carefully evaluated considering
the patient’s clinical condition, high mortality risk and
prognosis. In this process, open and transparent com-
munication should be established with the patient and
their family, and a patient-centered approach should
be adopted in shared decision-making.*®

Due to the lack of sufficient evidence regarding
single or bilateral lung transplantation, the IPF guide-
line refrains from providing recommendations and
states that further evaluation should be based on re-
sults from future randomized controlled trials. How-
ever, all patients with moderate to advanced IPF who
do not have significant comorbidities, or absolute
contraindications should be presented with lung trans-
plantation as a potential treatment option. Consider-
ing the long waiting lists, timely referral to a suitable
transplant center is of utmost importance.*

Issues related to the beginning and end of life are
among the most controversial topics in bio-ethics
and bio-law. The question of who the primary de-
cision-maker should be in end-of-life care, as well
as concepts such as quality of life, futile or ineffec-
tive treatments, fair allocation of limited resources,
life-sustaining treatments (withholding, withdrawing,
patient refusal), advance directives, and the right to a
dignified death frequently come to the forefront.

Within the framework of the “right to die with dig-
nity,” which is among the patient rights, it is a funda-
mental human right that patients in the final stages of
life receive care in conditions that respect human dig-
nity, benefit from all rights they are entitled to as in-
dividuals and are provided with high-quality care and
treatment in line with autonomy and privacy rights.

Although euthanasia is not legal under Turkish
law, it is acknowledged that patients in the terminal
phase of an incurable disease should receive care that
ensures their autonomy, comfort, and dignity. The Pa-
tient Rights Regulation clearly states that even if it
is not possible to save the patient’s life or preserve
their health, there remains an obligation to alleviate or
eliminate suffering.*0#!

MULTIDISCIPLINARY APPROACH

The multidimensional goals of palliative care require
interdisciplinary collaboration and a wide range of
competencies. Any member of the clinical team ex-
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perienced in compassionate and holistic patient care
can lead the palliative care process in interstitial lung
disease (ILD). However, most pulmonologists may
not have received specific training in this area or may
struggle to dedicate time to such needs, leading to de-
layed recognition of the need for palliative care. Sim-
ilarly, palliative care specialists may lack sufficient
knowledge of the clinical course and management
strategies specific to ILD.

Therefore, an integrated and multidisciplinary
team approach is recommended to effectively address
the needs of patients and caregivers. In this context,
ILD nurses working in appropriate healthcare systems
can play a key role in the palliative care process. The
involvement of both ILD-specialized nurses and palli-
ative care nurses has been shown to improve the qual-
ity of patient care. Access to a specialized ILD nurse
can contribute to significant improvements in quality
of life for both patients and caregivers by increasing
the effectiveness of care services.*>#

The disciplines required in the multidisciplinary
team for palliative care in ILD and their core responsi-
bilities are given in Table 4.

Due to the unpredictable course of ILD, especial-
ly idiopathic pulmonary fibrosis (IPF), with some
patients experiencing relative stability and others
suffering faster decline in lung function and/or acute
exacerbations, early evaluation of end-of-life care
preferences and initiation of palliative care are recom-
mended.* It has been reported that end-of-life deci-
sions in IPF patients are mostly made in the advanced
stages of the disease and only 14% of patients are re-
ferred to palliative care services. Even in ILD patients

with severe oxygen dependency, end-of-life care dis-
cussions were held in only 41% of cases.’

ETHICAL AND CULTURAL APPROACHES

End-of-life decisions should be addressed within the
framework of ethical principles, focusing on patient
autonomy and the principle of non-maleficence. The
feasibility and effectiveness of palliative care are in-
fluenced not only by the clinical characteristics of the
primary disease but also by multidimensional factors
such as socioeconomic conditions, cultural and reli-
gious values, and the organization of healthcare ser-
vices. Particularly in respiratory diseases such as pul-
monary conditions, the inability to adequately control
tobacco use and environmental air pollution, along
with demographic variables like an aging population,
significantly increases the disease burden in low- and
middle-income countries.*

Religious, cultural and other belief systems are
especially important in a patient-centered palliative
care approach. The religious and cultural values,
judgments and expectations of patients with end-
stage diseases and their caregivers should be recog-
nized and considered when making decisions about
the withdrawal of mechanical ventilation or intensive
care support. Spiritual needs are complex and often
overlap with social or psychological needs. While a
patient’s religious belief may be recorded for adminis-
trative purposes, this may not necessarily be addressed
in clinical discussions. For shared decision-making
regarding the involvement of spiritual leaders in pal-
liative care, physicians should discuss their patients’
religious identities.?’*

Table 4. Members in the multidisciplinary team and the core responsibilities of each member.*

Team Member

Core responsibilities

Pulmonologist

Disease management, prognosis determination

Palliative care specialist

Symptom control, patient and family support

Nurse and respiratory therapist

Day care support, education, reassurance

Psychologist/Social worker

Psychosocial support, bereavement support

Spiritual counselor

Providing religious, cultural and spiritual support

Adapted from the article by Sinclair C, et al..

[N}
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THE GRIEVING PROCESS AND SUPPORT

Following the death of a beloved one, almost 15% of
family members and caregivers experience complicat-
ed grief reactions manifesting as significant psycho-
logical issues. There are no known risk factors to reli-
ably predict this response. Therefore, healthcare teams
should establish a relationship with caregivers prior to
the patient’s death. As seen in other terminal illnesses,
this enables more effective monitoring and support of
the grieving process.’

CONCLUSION

End-of-life care in rare ILDs requires a multidisci-
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TELEMEDICINE OPPORTUNITIES FOR
RARE INTERSTITIAL LUNG DISEASES

NADIR INTERSTISYEL AKCIGER HASTALIKLARI IGIN
TELE-TIBBIN SAGLADIG! FIRSATLAR

ABSTRACT

Telemedicine leverages information and communication technologies (ICT) to provide remote consul-
tation, monitoring, and personalized care, thereby overcoming barriers to healthcare access, particu-
larly for patients living in geographically isolated areas. By eliminating the need for travel, it enables
earlier diagnosis, timely treatment, and regular follow-up, while simultaneously reducing patient bur-
den and lowering healthcare costs.

Telemedicine systems are generally divided into two main categories: synchronous (real-time) and
asynchronous (store-and-forward). Synchronous interactions allow immediate patient-physician com-
munication, whereas asynchronous systems enable data sharing and expert consultation across differ-
ent timeframes, offering flexibility and efficiency. Integration with electronic health records (EHR)
facilitates longitudinal tracking of patient data, contributing significantly to clinical practice.

In the context of rare interstitial lung diseases (ILDs), where expertise is often concentrated in a limited
number of referral centers, telemedicine gains particular importance. It can bridge primary and second-
ary care providers with referral centers, allowing patients to access expert opinions without the need
for long-distance travel. Virtual multidisciplinary team meetings may support shared decision-making
and enhance knowledge exchange, ultimately improving both patient outcomes and physician educa-
tion. Furthermore, teleconsultations may help patients feel more secure and reduce the sense of isola-
tion commonly associated with rare diseases.

Despite these advantages, telemedicine faces challenges such as technological inequities, concerns
over data security, and the need for robust legal and ethical frameworks. Addressing these barriers is
critical for sustainable integration of telemedicine into routine clinical practice. Meanwhile, advances
in digital health tools and artificial intelligence hold the potential to strengthen remote monitoring,
enable earlier recognition of disease progression, and optimize personalized care strategies.

In conclusion, telemedicine represents a promising and increasingly indispensable tool in the man-
agement of rare ILDs. Through remote consultation, digital data sharing, and virtual multidisciplinary
collaboration, it may not only improve access to specialized healthcare but also reinforce a more pa-
tient-centered healthcare system.

Keywords: Telemedicine; Interstitial lung disease; Rare interstitial lung disease; Remote monitoring;
Digital health technologies; Digital health

OZET

Tele-tip, bilgi ve iletisim teknolojilerinden (ICT) yararlanarak uzaktan danmigmanlik, izleme ve kisi-
sellestirilmis bakim sunmakta ve ozellikle cografi olarak izole bolgelerde yasayan ya da uzman mer-
kezlere ulagimi kisitl olan hastalar i¢in saglik hizmetlerine erisimdeki engelleri agmaktadir. Seyahat
gerekliligini ortadan kaldirarak daha erken tani, zamaninda tedavi ve duzenli takip imkéani saglarken,
ayn1 zamanda saglik kuruluslarinin izerindeki hasta yukunt azaltmakta ve saglik hizmeti maliyetlerini
dugurerek sistemin surduiritlebilirligine katkida bulunmaktadir.

Tele-tip sistemleri genel olarak senkron (gercek zamanli) ve asenkron (veri aktarimina dayali) olmak
tizere iki ana gruba ayrilmaktadir. Senkron etkilesimler hasta-hekim arasinda aninda goriisme imkani
sunarken, asenkron sistemler farkli zaman dilimlerinde veri paylagimini ve uzman gorugt alinmasini
muimkiun kilarak esneklik ve verimlilik saglar. Elektronik saglik kayitlari (EHR) ile entegrasyon, hasta
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verilerinin uzunlamasina takibini kolaylagtirmakta, klinik karar destek sistemleriyle birlikte kullanildiginda ise bakimin kalitesini artirma po-
tansiyeli tagimaktadir.

Nadir interstisyel akciger hastaliklart (IAH) baglaminda, uzmanlik bilgisinin genellikle sinirli sayidaki referans merkezinde toplanmig olma-
st tele-tibbin onemini daha da artirmaktadir. Tele-tip, birinci ve ikinci basamak hekimleri ile referans merkezler arasinda kopru kurabilir ve
hastalarin uzun mesafeler katetmeden uzman goruisine ulasabilmesine imkan saglayabilir. Ayrica sanal multidisipliner kurul toplantilari, ortak
karar alma sureglerini destekleyebilir, bilgi paylasimini kolaylagtirarak hem hasta sonuglarint hem de hekimlerin surekli mesleki gelisimini
destekleyebilir. Tele-konsultasyonlar ayn1 zamanda hastalarin kendilerini daha guvende hissetmelerine ve nadir hastaliklarla iligkili yalnizlik
duygusunun azalmasina katkida bulunabilir.

Bununla birlikte, tele-tip uygulamalar1 teknolojik esitsizlikler, veri giivenligi kaygilar1 ve guclu hukuki/etik ¢ergeve gereksinimleri gibi engel-
lerle kars1 karsiyadir. Bu sorunlarin ¢ozulmesi, tele-tibbin klinik uygulamalara surdurtlebilir bir sekilde entegre edilebilmesi agisindan kritik
onemdedir. Ote yandan, dijital saglik araglar1 ve yapay zekadaki gelismeler, uzaktan izlemeyi guiclendirme, hastalik progresyonunu daha erken
tanima ve kisisellestirilmis bakim stratejilerini optimize etme potansiyeli tasimaktadir.

Sonug olarak, tele-tip, nadir [AH’larin yonetiminde umut verici ve giderek daha vazgecilmez bir ara¢ haline gelmektedir. Uzaktan danigmanlik,
dijital veri paylagimi ve sanal multidisipliner isbirligi yoluyla hem uzman saglik hizmetlerine erisim iyilestirilebilir hem de hasta merkezli bir
saglik sistemi gui¢lendirilebilir.

Anahtar Kelimeler: Tele-tip; Interstisyel akciger hastaliklari; Nadir interstisyel akciger hastaliklari; Uzaktan hasta izlemi; Dijital saglik
teknolojileri; Dijital saglik

CASE PRESENTATION d'emonstrated widespread cal.ciﬁcations and consolida-
tions. Although she was previously evaluated as a can-

A 3l-year-old female, a non-smoker with no signifi- didate for lung transplantation, she had declined due to

cant exposure history, works as an office employee.
She had been experiencing dyspnea for the past 10
years, which had progressively worsened. Recent-

concerns about procedural risks.

During the second-opinion consultation, the pulmo-
nologist conducted a real-time video consultation with

ly, her shortness of breath and hypoxemia increased, . . . . .
the patient, obtained a detailed history, and reviewed

leading to admission to the intensive care unit last

her available investigations. Given the diagnosis of this
month.

) o ) rare and currently untreatable condition, the physician
) The p atle'nt. sought a second opinion regardmg.her chose to use teleconsultation to facilitate access to an
diagnosis. Living far from the recommended tertiary
center and being dependent on continuous oxygen

support, she was on the verge of giving up. Fortunate-

international PAM specialist center.

With the patient’s informed consent, the consulta-
tion was recorded and later reviewed asynchronously
by Prof. Francis McCormack (University of Cincinna-
ti) in a physician-to-physician remote consultation (ef-
fectively, a third opinion). This allowed the patient to
be assessed as though she had physically visited the

ly, during her search for alternatives, she discovered
that the pulmonologist offered a telemedicine option
via video consultation. This method was used for both
the initial evaluation and subsequent follow-ups.

Her medical history revealed that at 1.5 years of . .

reference center. The real-time anamnesis was trans-
age, she had been evaluated for delayed motor devel-
opment, specifically, an inability to hold her head up,

although no respiratory symptoms were noted at the

lated by the primary physician, and prior investiga-
tions were reviewed via screen sharing of the patient’s

) L ) 7 . e-Nabiz profile, all conducted with full consent (Fig-
time. A familial predisposition to disease was later rec-

ognized, as her aunt, uncle, and sister had all been diag-
nosed with pulmonary alveolar microlithiasis (PAM).

ure 1).

The distance between the patient’s home and the

. primary physician’s hospital was 750 km, while the
Chest X-rays from the last 10 years were reviewed . . C
distance between the two consulting physicians’ insti-

remotely through the patient’s personal account on .
y & p p tutions was 9,102 km.

the national digital health platform (e-Nabiz). Radio-
logical images revealed diffuse hyperdense opacities
in both lungs. Spirometry and DLCO, last performed INTRODUCTION

8 years ago, showed a restrictive pattern (FEV /FVC: Telemedicine refers to the delivery of healthcare ser-
84%, FVC:1.46 L [39% predicted], DLco:19%, DLco/ vices remotely through information and communica-
VA:45%). Thoracic computed tomography (CT) tion technologies (ICT). While telehealth encompass-
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Figure 1. Teleconsultation for a patient with pulmonary alveolar microlithiasis (PAM). A real-time video consultation was
conducted with Prof. Francis X. McCormack (University of Cincinnati) using video conferencing and save-and-share meth-
ods. After a detailed history, the patient’s examinations were jointly reviewed. The distance between the patient’s home and
the primary physician’s hospital was 750 km, while the distance between the two consulting physicians’ institutions was

9,102 km.

es a broader scope, including public health practices
such as prevention, health promotion, and health ed-
ucation, telemedicine specifically focuses on clinical
applications, particularly diagnosis, treatment, and
follow-up care.! It serves as an alternative to in-person
medical evaluation and includes services such as pa-
tient education, chronic disease management, medical
consultations, image sharing, electronic prescription
issuance, and clinical decision support.

The World Health Organization (WHO) defines
telemedicine as “the delivery of healthcare services
by all healthcare professionals where distance is a
critical factor, using ICT for the exchange of valid in-
formation for diagnosis, treatment, and prevention of
disease and injuries, research and evaluation, and for
the continuing education of healthcare providers, all
in the interest of advancing the health of individuals
and communities.”* Accordingly, telemedicine has the
potential to play a key role in reducing disparities in
healthcare access, especially in rural and underserved
regions. It enables patients to consult specialists with-
out the need for travel, reduces the strain on healthcare
systems, and provides a cost-effective alternative un-
der certain conditions, making it a widely implement-
ed and increasingly accepted approach.

Although the concept of telemedicine is not new,
rapid advancements in ICT have brought remote

healthcare delivery to the forefront, particularly in ar-
eas with physician shortages or in efforts to promote
equity in healthcare access. Telemedicine has been
both a consequence and a catalyst for a long-standing
socio-technical transformation in medical practice.’?
This transformation accelerated dramatically during
the COVID-19 pandemic, when face-to-face health-
care was restricted due to infection risks. Telemedicine
thus emerged as a necessity rather than a convenience.
Throughout the pandemic, it became a vital tool for
patient monitoring, limiting virus transmission, en-
abling early diagnosis and treatment of infected indi-
viduals, and, most importantly, ensuring uninterrupted
care for patients with multiple chronic conditions.*’

In the post-pandemic period, telemedicine services
have become permanent in many countries, particular-
ly in the United States, where they have been formally
integrated into national healthcare policies.® Despite
these positive developments, challenges remain as
regulatory inconsistencies, technological inequality,
and lack of provider training continue to hinder wide-
spread adoption in some regions.?

MODELS OF TELEMEDICINE

Telemedicine applications can be categorized into two
primary models based on the timing of data exchange:
synchronous (real-time) and asynchronous (store-
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and-forward) systems. This classification reflects the
timing of interaction between the patient and physi-
cian and has critical implications for both the required
technological infrastructure and the clinical use case.’

Synchronous Systems (Real-Time Communication)

In synchronous systems, healthcare services are de-
livered through real-time communication between the
patient and the healthcare provider. This interaction
typically occurs via video conferencing, telephone
calls, or live chat platforms.'”

The main advantages of synchronous telemedicine
systems include:

e Immediate feedback between physician and pa-
tient,

¢ Rapid response for emergencies or complex clini-
cal decisions,

* An interactive structure that enhances patient sat-
isfaction.

These systems are commonly used in virtual con-
sultations, psychiatric evaluations, video-based chron-
ic disease management, and remote rehabilitation
programs.'' However, both the patient and healthcare
provider must be online at the same time, which may
lead to accessibility challenges or scheduling limita-
tions.

Asynchronous Systems

In asynchronous systems, the exchange of medical
data and information occurs with a time delay. Pa-
tients upload their information, such as symptom logs,
digital images (e.g., CT scans, MRI, X-rays), laborato-
ry results, or messages, to electronic platforms, which
healthcare providers then review at a later time.'?

This approach is often referred to as the “store-
and-forward” method. The benefits of asynchronous
systems include:
¢ Elimination of time and location constraints,

* More flexible workload management for health-
care professionals,

* Suitability for data archiving, comparative evalua-
tion, and Al-assisted analysis.

Asynchronous telemedicine is particularly effec-
tive in specialties that rely heavily on imaging and
data analysis, such as dermatology, radiology, pathol-
ogy, and sleep medicine.

[N}
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INTEGRATION WITH
DIGITAL HEALTH RECORD SYSTEMS

The effectiveness and sustainability of telemedicine
applications are not limited to the availability of com-
munication technologies such as video conferencing
or text-based messaging. For truly effective digital
healthcare service delivery, it is crucial that these sys-
tems work in integration with electronic health record
(EHR) systems." In today’s modern healthcare sys-
tems, a digital health profile is created for each indi-
vidual; these profiles contain multidimensional data
such as diagnostic information, prescriptions, labora-
tory and imaging results, hospital visits, and treatment
plans. Telemedicine platforms’ real-time and uninter-
rupted access to these digital health records enable
healthcare professionals to conduct more comprehen-
sive, personalized, and secure patient assessments.

Sweden is one of the earliest adopters of telemed-
icine and eHealth technologies. Remote electrocar-
diogram (ECG) transmission was first tested in 1915,
and by the 1960s, services like EEG and teleradiology
were being developed.'* The use of digital health re-
cords together with telemedicine started to grow with
Sweden’s national health portal, 1177 Vardguiden,
which was launched in 2003. Through this system, pa-
tients can easily book appointments, check lab results,
message their doctors, and get medical advice remotely
using digital tools. Sweden showed early on that a cen-
tralized and connected digital health system can work
successfully.”

Telemedicine initiatives in Australia began gaining
attention in the early 1990s, primarily aimed at improv-
ing access to healthcare services in rural and remote
areas. In 1996, the Australian House of Representatives
Standing Committee on Family and Community Affairs
launched a national inquiry titled “Health Information
Management and Telemedicine”, marking a significant
step in national-level engagement. During this period,
several pilot projects were implemented across differ-
ent states.'® Subsequently, Australia launched its na-
tional digital health system, My Health Record, in 2012
based on an opt-in (voluntary participation) model.
However, due to low enrollment rates, the system tran-
sitioned to an opt-out model in 2019, meaning all cit-
izens were automatically enrolled unless they actively
chose to withdraw. The system includes prescriptions,
pathology and imaging reports, and is designed to func-
tion in harmony with telemedicine applications.!” The
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COVID-19 pandemic brought a major transformation
in Australia’s primary healthcare system by accelerat-
ing the integration of digital technologies. Telehealth
and virtual care models were rapidly adopted and in-
corporated into conventional face-to-face healthcare
services.'® Finally, in 2023, a mobile application called
“My Health App” was introduced to further improve
user access to health records and services. '

In the United States, although there is no centralized
national digital health system, healthcare services have
significantly benefited from private-sector innovations.
One notable example is the MyChart platform, which
allows patients to easily schedule virtual appointments,
view their medical results, request prescription refills,
and communicate directly with their doctors, all from
a single digital interface.”” The widespread use of My-
Chart after the COVID-19 pandemic has helped im-
prove patient engagement, reduce unnecessary clinic
visits, and streamline access to care, particularly for
those with chronic conditions or mobility challenges.?!

In Germany, the implementation of the Elek-
tronische Patientenakte (ePA) in 2021 marked a major
step toward a more transparent and accessible health-
care system. Initially based on voluntary participation,
the program has switched to an automatic registration
model in order to increase usage. Through the ePA,
citizens can now view their medical history, receive
follow-up care more efficiently, and avoid redundant
testing which is facilitated by the digital sharing of in-
formation among healthcare providers. By connecting
patients, family doctors, and specialists on a unified
platform, the ePA supports more coordinated and per-
sonalized care throughout the healthcare journey.?

In Turkey, the e-Nabiz system was introduced by
the Ministry of Health in 2015 and rapidly expanded
during the COVID-19 pandemic. The system enables
the digital sharing of laboratory results, prescrip-
tions, radiological images, and clinical notes. In the
study conducted by Cetin et al., who assessed patients
through video conference-based telemedicine in the
pulmonary diseases’ clinic, more than half of the pa-
tients had previous diagnostic tests available, which
were successfully reviewed.’

Telemedicine is not merely a communication tool,
but a vital component of a broader digital health eco-
system that must be integrated with data management
systems, patient monitoring technologies, and AI-driv-
en decision support tools. However, this integration is

[N}
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not solely technical, it also involves legal and ethical
considerations. Safeguarding personal health data and
ensuring compliance with national regulations are es-
sential for maintaining the security, trustworthiness,
and long-term sustainability of these systems.

In parallel with the adoption of Al-driven technol-
ogies, a humanistic approach must remain central to
every stage of the process, treating the individual not
merely as a patient, but as a person. Equipping physi-
cians with strong communication skills and training in
the patient—physician relationship is just as important
as using digital tools for achieving diagnostic preci-
sion.

TELEMEDICINE IN RARE ILDS

As mentioned throughout this book, rare ILDs repre-
sent a heterogeneous group of disorders, some affect-
ing fewer than one in a million people, and may exhib-
it diverse clinical characteristics even within the same
disease entity. Due to their rarity, these conditions are
often associated with limited medical expertise, in-
sufficient research and data, and a lack of specialized
care centers and services. Diagnosing and managing
this often-neglected group of diseases is challenging
for both patients and healthcare providers. Few stud-
ies focusing on patient perspective and disease burden
are presented in detail in the relevant section of the
current book.

Numerous studies have been published regarding
the successful use of telemedicine for clinical purpos-
es in lung diseases.” Teleconsultation, defined as con-
sultation via video and/or audio using information and
communication technologies, includes remote symp-
tom monitoring, tracking vital signs and functional
parameters through digital technologies, remote ed-
ucation, referral, and tele-rehabilitation, all of which
are commonly used in pulmonary practice.”* While
most of these studies have focused on asthma, COPD,
and sleep-related respiratory disorders, telemedicine
is also used for ILDs.?-*! While phone or video-based
applications are available, the advantages of video
consultations have emerged due to increased contact
between patients and healthcare professionals.®?3*

The majority of studies focus on telemonitoring and
home spirometry. It has been noted that telemonitor-
ing contributes to maintaining biopsychosocial health
in patients with significant respiratory complaints,
those on oxygen therapy, and those with a high dis-
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ease burden. A randomized controlled trial in patients
with idiopathic pulmonary fibrosis (IPF) demonstrated
positive results regarding home monitoring programs,
improving psychological health, enabling personal-
ized treatment decisions, and achieving high patient
satisfaction.”” In a survey investigating healthcare ser-
vices during the COVID-19 pandemic in ILD patients,
it was found that in-person consultations were largely
replaced by phone-based telemedicine applications.
Most patients reported positive experiences, including
the elimination of travel time and the ability to receive
care in a safe environment.”

Home care for ILD patients has the potential to re-
duce inequality in access to specialist centers, lighten
the burden on healthcare systems, improve quality of
life, and help prevent adverse outcomes by facilitating
the early detection of acute exacerbations.** However,
there is limited research on tele-rehabilitation in ILDs,
though positive results regarding functional and clin-
ical parameters have been shared.***! The Portuguese
Pulmonology Society’s recommendations for the use
of telemedicine in lung diseases, including ILDs, list
several suggestions for teleconsultation, emphasizing
appropriate patient selection, evaluation of symptoms
and disease using valid questionnaires, monitoring
treatment adherence and side effects, tracking vital
and functional parameters, evaluating comorbidities,
and using telemedicine for smoking cessation sup-
port.3

A recent review discusses the use of telemedi-
cine in ILDs from three perspectives: remote patient
monitoring, enabling self-monitoring, and facilitating
communication among healthcare providers. In this
article, the term “Internet of Medical Things (IoMT)”
refers to teleconsultations, virtual multidisciplinary
team meetings (MDTs), digital health information
exchange, online peer support, home monitoring, and
telerehabilitation. While these tools were found to be
both feasible and reliable, their widespread imple-
mentation in clinical practice is still considered insuf-
ficient. This underscores the need for further research
in larger, real-world cohorts to confirm and clinically
validate the promising results of pilot studies and fa-
cilitate their integration into routine.”’

Although there have been no specific studies on
telemedicine applications for rare ILDs, these data can
be considered relevant to rare ILDs due to the similar
rationale and disease process management. Moreover,
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rare ILDs often require patients to be followed up in
specialized centers located at a considerable distance
from them. The absence of effective treatment may
also lead patients to avoid clinical visits. In summary,
the difficulty and burden of traveling to a specialist
center highlight the significant advantages telemedi-
cine may offer in the management of rare ILDs.

Both patients and healthcare providers may face
challenges during follow-ups on rare ILDs. Telemed-
icine can be a crucial alternative for supporting local
experts in terms of information and experience, al-
lowing them to receive training about the disease and
patient perspectives. A recent study based on video
consultations with rare ILD patients, where recorded
sessions were shared during a congress session and
discussed among healthcare providers, emphasized
that telemedicine could be a key tool in post-graduate
medical education, particularly in sharing knowledge
and experience about diseases that are less frequently
encountered in medical practice.®

CHALLENGES AND ETHICAL ISSUES IN
TELEMEDICINE

Telemedicine has significantly improved healthcare de-
livery by enhancing access, reducing delays caused by
travel, and minimizing the need for face-to-face inter-
actions, particularly during the COVID-19 pandemic.
However, its rapid expansion has revealed several tech-
nical and ethical challenges that must be addressed to
ensure its safe, effective, and equitable use in routine
clinical practice.

A key technical barrier is unequal access to tech-
nology. Individuals living in rural areas or with limited
socioeconomic resources may lack adequate internet
connectivity or the digital literacy required to partici-
pate in remote consultations. This digital divide risks
exacerbating existing inequalities in healthcare access
and outcomes.*

Remote consultations also present clinical limita-
tions. The absence of physical examination in virtual
settings may impair diagnostic accuracy, particularly
for conditions requiring lung auscultation, chest palpa-
tion, or detailed neurological assessments. For instance,
early signs of interstitial lung disease, such as inspira-
tory crackles, or subtle neurological deficits might be
missed without in-person evaluation.

Data privacy and cybersecurity represent additional
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critical concerns. Without robust encryption and au-
thentication protocols, telemedicine systems remain
vulnerable to unauthorized access and data breaches.
Protecting patient confidentiality is essential for main-
taining trust in digital healthcare.*

Obtaining informed consent is a crucial compo-
nent for patient data management, and this practice
is rooted in the ethical principle of non-maleficence,
which focuses on minimizing harm.* From an ethical
standpoint, informed consent becomes more complex
in virtual care environments. Patients must clearly un-
derstand the potential limitations and risks of remote
consultations. This necessitates the development of
standardized digital consent procedures that ensure
transparency and patient autonomy. In the study of
Thamula et al., immediate electronic capture of the
consents given by participants found useful to facili-
tate accurate and efficient onward sharing of data and
samples according to participant preferences that can
be easily electronically queried.*!

Legal and professional responsibilities are also
evolving. Determining liability in cases of medical er-
ror, particularly in cross-border or inter-jurisdictional
settings, remains unclear in many regions. Further-
more, establishing consistent standards of care in vir-
tual practice continues to challenge healthcare regula-
tors. The review by Nittari et al. highlights the major
ethical and legal challenges in the practice of telemedi-
cine. These include informed consent, data protection,
malpractice liability, and the absence of standardized
international legislation. The study emphasizes that
the lack of regulatory clarity and the variability in na-
tional laws can hinder the safe and consistent use of
telemedicine, especially across borders.*?

While telemedicine holds considerable promise,
its integration into healthcare systems must be sup-
ported by robust investments in digital infrastructure,
well-defined ethical and legal frameworks, and strat-
egies aimed at reducing inequities in access. Ongo-
ing research should focus on evaluating its long-term
impact on care quality, patient safety, and overall
health system efficiency. Moreover, telemedicine may
reshape the traditional patient-physician relationship.
Although virtual care enhances accessibility and con-
venience, it may compromise the depth of interper-
sonal communication, particularly in fields such as
psychiatry, palliative care, and chronic disease man-
agement.

240

FUTURE PERSPECTIVES:
ARTIFICIAL INTELLIGENCE,
REMOTE DEVICES, AND DIGITAL CLINICS

Rapid advancements in telemedicine and digital health
technologies are driving fundamental changes in the
delivery of healthcare. Telemedicine has evolved far
beyond simple video consultations and has become
central to diagnosis, monitoring, treatment planning,
and clinical decision-making. The integration of por-
table medical devices, mobile health applications, and
artificial intelligence (Al) systems improves the qual-
ity and accessibility of care, particularly for chronic
disease management and for patients in hard-to-reach
areas.

One of the most notable examples of this techno-
logical progress is the smart stethoscope. These digital
versions of traditional stethoscopes record heart and
lung sounds with high sensitivity and transmit the data
in real time to clinicians via cloud-based platforms.
The audio signals are filtered and analyzed by Al al-
gorithms, which can automatically detect pathological
findings such as wheezing, crackles, or murmurs and
present these as suggestions to physicians. This tech-
nology enables remote physical examination, allow-
ing clinicians to assess patients without being phys-
ically present. It is particularly valuable for chronic
obstructive pulmonary disease (COPD), asthma, heart
failure, and other respiratory conditions because it en-
hances patient comfort and reduces the burden on the
healthcare system.*+4

Mobile health (mHealth) applications are another
critical component supporting patient self-manage-
ment in their home environment. These apps allow
patients to record daily symptoms such as dyspnea,
cough, or sleep disturbances, track medication adher-
ence, and improve treatment compliance. Data collect-
ed through these platforms can be shared in real time
with healthcare providers and used to guide clinical
decisions. Such digital symptom monitoring is espe-
cially useful for diseases like interstitial lung disease
and sleep apnea, serving as early warning systems and
optimizing disease control.

Artificial intelligence (AI) is profoundly trans-
forming diagnostic and therapeutic processes into
respiratory medicine. One of the most prominent ap-
plications lies in medical imaging, particularly in the
interpretation of high-resolution computed tomogra-
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phy (HRCT) scans. Al algorithms can identify dis-
ease-specific radiological patterns with remarkable
sensitivity, often detecting subtle changes that may
not be easily recognized by the human eye. This is
especially valuable in diseases such as IPF, where ear-
ly detection is crucial for timely intervention and im-
proved outcomes. Al-driven tools can assist clinicians
by highlighting fibrotic changes, honeycombing, or
ground-glass opacities, which are often nuanced and
distributed heterogeneously across the lung parenchy-
ma.* Together, these innovations exemplify the poten-
tial of Al to reshape pulmonary care by augmenting
clinical judgment, reducing diagnostic delays, and
enabling more proactive and individualized disease
management strategies.*®

A recent narrative review addresses rare diseas-
es as a distinct entity, exploring public health strat-
egies, digital health opportunities, and ethical con-
siderations. It illustrates the challenges involved by
comparing manually selected data points with outputs
from advanced artificial intelligence systems. The au-
thors reference philosopher Immanuel Kant’s notion
of noumena to emphasize that “only individuals with
rare disabling conditions can genuinely convey the
reality of living with those conditions.” Increasing
awareness and fostering empathy are essential steps
toward understanding what it truly means to live with
such conditions. In this context, the digital era should
be viewed as an opportunity to amplify patient voices
and promote equity in rare disease care.

Considering these developments, the future of
telemedicine can be envisioned as a comprehensive
ecosystem integrating Al-driven clinical decision sup-
port, remote monitoring technologies, and continuous
digital communication between patients and health-
care professionals. This integrated system not only
enhances the effectiveness of care but also allows for
personalized treatment approaches that improve pa-
tient safety and quality of life. Widespread adoption
of these technologies, particularly in regions with geo-
graphic or socioeconomic barriers, holds the potential
to reduce health disparities significantly.

Digital platforms to be used for national or interna-
tional collaboration among multiple disciplines can be
possible and widely applicable. Tele-MDD (Remote
Multidisciplinary Discussion) meetings may be one of
the future goals to be formed and extended. Besides
many advantages, this may help to address the diver-
sity, complexity, and specificity of data sequences of
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rare diseases.” Since Al and digital health technolo-
gies within telemedicine are becoming indispensable
tools that make clinical practice more precise, acces-
sible, and sustainable, their broader implementation in
the coming years is expected to bring groundbreaking
improvements in early diagnosis, effective monitor-
ing, and optimal disease management.

CASE ANALYSIS

A young patient with pulmonary alveolar microlithia-
sis (PAM), struggling to remain engaged in life despite
respiratory failure and continuing to work with liquid
oxygen, was assessed via teleconsultation. After the
consultation, the patient’s video consultation record-
ing was shared with an international reference center,
allowing for a discussion of the experiences with other
patients. While no definitive treatment recommenda-
tion could be made in medical practice, the impact on
the patient included improved accessibility to special-
ist care, increased trust in the physician, and a sense
of not being alone. For the attending physician, the
experience reinforced the feeling of having done ev-
erything possible to benefit the patient.

The recorded video consultation, which was ini-
tially taken to obtain a third opinion, was later consid-
ered for use in medical education. Following this idea,
the patient perspective in rare diseases was discussed
during a national chest diseases congress session, and
the educational impact on physicians was published.?®
The patient, who shared the burden of fighting the
disease and waiting, summarized this process. “It
is a privilege for me to help raise awareness among
doctors about the rare disease with which I have been
diagnosed. Thank you for carrying our voice to the
place where it most needs to be heard.”

CONCLUSION

Telemedicine offers significant advantages in the man-
agement of chronic diseases, including the ability to
provide care in patients’ home environments without
the fear of transmission, reducing the difficulty of
travel, minimizing healthcare facility visits, enabling
telemonitoring, and facilitating the early recognition
of changes related to the disease and tracking treat-
ment outcomes through continued care by the same
physician. In addition to these benefits, considering the
complexity and potential severity of rare ILDs, tele-
medicine can also facilitate communication between
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patients and local physicians with reference centers.
This approach can help bridge gaps in care, improv-
ing both patient management and the continuity of
follow-up. Moreover, telemedicine can be an effective
tool in the education of healthcare providers, enhanc-
ing their expertise in managing rare diseases. The im-
plementation of telemedicine, as a transformative mo-
dality in modern medicine, requires a comprehensive
and balanced approach, one that is evidence-informed,
ethically grounded, and contextually adapted.

With the integration of digital health technologies
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LUNG TRANSPLANTATION IN
RARE INTERSTITIAL LUNG DISEASES

NADIR INTERSTISYEL AKCIGER HASTALIKLARINDA AKCIGER NAKLI

ABSTRACT

In rare interstitial lung diseases (ILDs), diagnostic uncertainty, limited access to effective pharmaco-
logic therapies, and difficulties in reaching experienced centers complicate patient management. These
challenges often persist in the lung transplantation process when the disease progresses to end-stage
respiratory failure. Lung transplantation can significantly improve both survival and quality of life in
selected subtypes of rare ILDs. However, standardized, disease-specific criteria for referral to trans-
plant centers and listing remain undefined.

Given the heterogeneous clinical course of these diseases, the success of transplantation largely de-
pends on appropriate patient selection. All available medical treatment options should be exhausted
prior to listing, and surgical feasibility must be carefully assessed. Certain ILD subtypes present with
technical challenges during surgery, for example, recurrent pneumothorax and pleural adhesions in
cystic ILDs, extensive mediastinal calcifications in silicosis, or pleural thickening and chest wall rigid-
ity in pleuroparenchymal fibroelastosis.

In diseases associated with a risk of extrapulmonary involvement, such as Langerhans cell histiocytosis
and lymphangioleiomyomatosis (LAM), early referral to a transplant center is critical for excluding
systemic spread, thoroughly evaluating comorbidities, and treating any existing infections. Early re-
ferral also allows sufficient time to address potentially preventable or correctable contraindications.
Otherwise, patients presenting in a severely debilitated state may be unsuitable for rehabilitation or
may not have adequate time on the waiting list to receive a suitable donor.

The choice between single and double lung transplantation is determined by factors including the
underlying disease, patient age, comorbidities, and the presence of pulmonary hypertension. While
double lung transplantation provides a greater volume of healthy parenchyma and may offer long-term
functional benefits, it is associated with longer operative times and an increased risk of perioperative
complications. Consequently, single lung transplantation is generally preferred in patients with idio-
pathic pulmonary fibrosis and elderly individuals with ILD, whereas double lung transplantation is rec-
ommended for patients with cystic fibrosis, bronchiectasis, LAM, and severe pulmonary hypertension.

For patients with rare ILDs who experience progressive disease despite medical therapy or who lack ef-
fective treatment options and develop end-stage lung failure, lung transplantation remains the only cu-
rative option that can prolong survival and improve quality of life. There is a continued need to develop
standardized, disease-specific clinical criteria to guide transplant decision-making in this population.

Keywords: Rare interstitial lung diseases; Lung transplantation; Curative treatment; Patient
selection; Waiting list

OZET

Nadir gortlen interstisyel akciger hastaliklarinda (IAH), tan1 surecindeki belirsizlikler, uygun ilag te-
davisine erigsimde yasanan guglikler ve deneyimli merkezlere ulasmadaki zorluklar hasta yonetimini
zorlagtirmaktadir. Bu belirsizlikler, hastalik son donem akciger yetmezligine ilerlediginde giindeme
gelen akciger nakli surecinde de devam etmektedir. Akciger nakli, bazi nadir IAH alt tiplerinde yasam
suresi ve kalitesini anlamli sekilde artirabilmektedir. Ancak, hangi hastalarin ne zaman nakil merkezine
yonlendirilmesi gerektigine dair hastaliga 0zgi, standardize edilmis kriterler hala olusturulmamaisgtir.

Bu hastalik grubu heterojen bir klinik seyir gosterdiginden, nakil basaris1 bityuk dl¢ide dogru hasta
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secimine baglidir. Tim medikal tedavi seceneklerinin tiketildiginden emin olunmali ve cerrahi uygunluk dikkatle degerlendirilmelidir. Ornegin,
kistik IAH’larda tekrarlayan pnomotorakslar ve plevral yapisikliklar, silikoziste mediastinal kalsifikasyonlar, ploroparankimal fibroelastoziste
kalinlagmis plevra gibi anatomik faktorler cerrahi zorluklara neden olabilir.

Ekstrapulmoner tutulum riski tagiyan Langerhans hiicreli histiyositoz ve Lenfanjiyoleyomiyomatozis (LAM) gibi hastaliklarda, sistemik ya-
yilimin diglanmasi, komorbiditelerin detayli degerlendirilmesi ve mevcut enfeksiyonlarin tedavisi amaciyla hastalarin erken donemde nakil
merkezine yonlendirilmesi kritik oneme sahiptir. Bu erken yonlendirme, ayn1 zamanda onlenebilir veya duzeltilebilir kontrendikasyonlarin
giderilmesi i¢cin gerekli zamani saglamaktadir. Aksi takdirde, ileri derecede duigkuin basvuran hastalar rehabilitasyona uygun olmayabilir veya
bekleme listesinde uygun donor bulunmas: i¢in yeterli stireye sahip olamayabilir.

Akciger naklinde tek veya ¢ift akciger se¢imi; altta yatan hastalik, hasta yagsi, komorbiditeler ve pulmoner hipertansiyon varlig1 gibi faktorlere
bagli olarak belirlenmektedir. Cift akciger nakli, daha genis saglikli parankim saglayarak uzun donem fonksiyonel avantaj sunabilmekle birlikte,
operasyon siiresinin uzamasi ve perioperatif komplikasyon riskinde artig gibi ek morbiditelerle iligkilidir. Bu nedenle, idiopatik pulmoner fibro-
zis ve ileri yas IAH hastalarinda genellikle tek akciger nakli tercih edilirken; kistik fibrozis, bronsektazi, LAM ve agir pulmoner hipertansiyon
olgularinda c¢ift akciger nakli 6nerilmektedir

Nadir goruilen interstisyel akciger hastaliklarinda, mevcut medikal tedavilere ragmen hastalig1 ilerleyen ya da etkin tedavi secenegi bulunmayan
ve son donem akciger yetmezligi gelisen olgular icin akciger nakli, yasam suresini uzatan ve yasam kalitesini artiran tek kuratif tedavi sece-
negidir. Bu hasta grubunda nakil karar1 agisindan hastaliga 6zgi, standartlastirilmis klinik kriterlerin gelistirilmesine duyulan ihtiya¢c devam
etmektedir.

Anahtar Kelimeler: Nadir interstisyel akciger hastaliklari; Akciger nakli; Kiiratif tedavi; Hasta se¢cimi; Bekleme listesi

CASE PRESENTATION left thoracotomy, a bullectomy and pleural abrasion

were performed. In the same surgical session, a wedge
A 28-year-old male patient was referred to our out-

patient clinic from another province for evaluation

biopsy was obtained.

Histopathological ination initiall led
for lung transplantation due to pulmonary Langer- istopatiio’ogical examunation mtially reveate

hans cell histiocytosis (PLCH). The patient’s anthro-
pometric measurements were as follows: height 168
cm, weight 49 kg, and body mass index (BMI) 17.4
kg/m?. His blood type was A Rh-positive. The patient

findings consistent with eosinophilic granuloma/
PLCH. However, consultation with a tertiary pathol-
ogy center and further immunohistochemical analy-
sis, including CD1a staining, were recommended for

had a 17 pack-years history of smoking, which he had definitive diagnosis. Immunohistochemical analysis
. . ; . . subsequently demonstrated strong CDla and S100
discontinued six months prior to presentation. He was

employed as a biomedical technician. Physical exam- positivity, confirming the diagnosis of PLCH.

ination revealed surgical scars consistent with previ- Oral methylprednisolone therapy was initiated at
ous thoracotomies located beneath both scapulae on a dose of 48 mg and gradually tapered over one year
the posterior thoracic wall. before discontinuation. The patient remained clini-

The patient’s clinical history began at the age of cally stable for the subsequent two years, after which

15 with an episode of right-sided spontaneous pneu- he developed another right-sided pneumothorax. This

mothorax. This initial event was managed with tube episode was managed with fube thoracostomy, and
thoracostomy and underwater seal drainage, after

which the patient was discharged. One year later, he

the patient was discharged. However, approximately
twenty days later, a recurrent pneumothorax occurred
experienced a recurrence of pneumothorax on the on the same side, which was again trejated with tube
same side, necessitating surgical intervention. The thoracostomy and underwater seal drainage. Notably,
procedure was initially attempted via video-assist-

ed thoracoscopic surgery (VATS); however, due to

the patient continued smoking throughout this period.
The patient, who developed dyspnea six months ago,

extensive pleural adhesions, conversion to an open quit smoking and was referred to our clinic for lung

thoracotomy was required, and a bullectomy was sub- transplantation evaluation. Four months prior, long-

sequently performed. Three years postoperatively, the term home oxygen therapy was initiated.

patient re-presented with dyspnea, and a left-sided At the time of initial evaluation at our clinic, the
pneumothorax was detected. Tube thoracostomy with patient was not receiving any pharmacologic therapy.
underwater seal drainage was performed again, but Pulmonary function testing demonstrated a forced vi-

the pneumothorax recurred after chest tube removal, tal capacity (FVC) of 2.82 liters (61% of the predict-
requiring surgical intervention. During the subsequent ed value), a forced expiratory volume in one second
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(FEV ) of 2.15 liters (55% of predicted), and an FEV/
FVC ratio of 76%. The patient was unable to complete
the diffusing capacity of the lungs for carbon mon-
oxide (DLco) assessment. During the six-minute walk
test, he ambulated a total distance of 369 meters, with
oxygen saturation decreasing from a baseline of 91%
to 76% at the conclusion of the test. The patient re-
quired two rest periods to complete the test. High-res-
olution computed tomography (HRCT) of the chest
is shown in Figure 1. Perfusion scintigraphy demon-
strated that the left lung contributed 61% and the right
lung 39% to total pulmonary perfusion. Transthoracic
echocardiography revealed a pulmonary artery systol-
ic pressure of 40 mmHg. Right heart catheterization
confirmed the presence of pulmonary hypertension,
with a measured mean pulmonary artery pressure of
31 mmHg and a pulmonary vascular resistance of 5.5
Wood units.

Systemic evaluations, including coronary angiog-
raphy; arterial and venous Doppler ultrasonography
of the extremities; Doppler studies of the carotid and
vertebral arteries; abdominal and thyroid ultrasonog-
raphy; and CT scans of the brain, paranasal sinuses,
and abdomen revealed no pathological findings. Bone
densitometry revealed osteopenia. Extensive labora-
tory investigations were conducted, with vitamin D
deficiency identified as the only notable abnormality;
supplementation was subsequently initiated. Positron

emission tomography (PET) imaging was performed
to evaluate for extrapulmonary involvement of LCH,
but no evidence of extrapulmonary disease was found.
Microbiological cultures remained sterile. Panel re-
active antibody (PRA) testing detected no antibodies
against HLA class I or class II antigens. Chest com-
puted tomography (CT) revealed end-stage cystic lung
disease.

INTRODUCTION

Lung transplantation is a life-prolonging and quali-
ty-enhancing treatment option for patients who devel-
op progressive respiratory failure and end-stage lung
disease despite all other available therapies. The first
successful lung transplantation was performed in 1983
at the University of Toronto in Canada on a patient
with interstitial fibrosis. Since then, the proportion of
interstitial lung diseases (ILDs) among lung transplant
recipients worldwide has steadily increased, and after
2007, ILD surpassed chronic obstructive pulmonary
disease (COPD) as the leading indication for lung
transplantation.' According to the most recent registry
report of the International Society for Heart and Lung
Transplantation (ISHLT), covering the 32-year period
from 1992 to 2024, idiopathic pulmonary fibrosis (IPF)
accounted for 27% of adult lung transplants globally,
while COPD accounted for 24%, cystic fibrosis for

Figure 1. Pre-transplant thoracic computed tomography of a patient diagnosed with Langerhans cell histiocytosis, demon-

strating an aspergilloma within a cavitary lesion.
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10%, and the remaining 35% were categorized under
“other diseases”.!? The rare ILDs, which are the subject
of this book, may individually represent a small pro-
portion; however, collectively, they form a significant
part of this “other” category, which accounts for ap-
proximately one-third of all lung transplants (Figure 2).
In this chapter, the focus will be on “orphan interstitial
lung diseases” within lung transplantation, conditions
that are not only rare but are also treated with a therapy
that is, by its nature, considered an orphan intervention.

INDICATIONS AND CONTRAINDICATIONS FOR
LUNG TRANSPLANTATION

The limited awareness, diagnostic challenges, and ther-
apeutic uncertainties associated with orphan interstitial
lung diseases also persist in the context of lung trans-
plantation indications. Except for lymphangioleiomy-
omatosis (LAM), there are no disease-specific criteria
for most of these conditions. Patients are typically re-
ferred to lung transplant centers and listed for trans-
plantation based on the general criteria established for
“interstitial lung diseases.”™

The success of lung transplantation is highly depen-
dent on appropriate patient selection. Since graft dys-
function, organ rejection, lifelong immunosuppressive
therapy, medication-related adverse effects, and oppor-
tunistic infections may occur in both the early and late
post-transplant periods, determining which patients are

suitable candidates for transplantation remains a criti-
cal step in the process.

According to the ISHLT consensus document, lung
transplantation should be considered for adults with
chronic, end-stage lung disease who meet all the fol-
lowing general criteria.®

* High (>50%) risk of death from lung disease within
2 years if lung transplantation is not performed.

e High (>80%) likelihood of 5-year post-transplant
survival from a general medical perspective provid-
ed that there is adequate graft function.?

Since rare ILDs can affect multiple organ systems,
it is essential to conduct a comprehensive pre-trans-
plant evaluation and to refer patients to lung transplant
centers early. Early referral allows time for the optimi-
zation of modifiable risk factors and the management
of potentially adverse conditions.?

Risk factors that may negatively impact lung trans-
plantation outcomes, increase perioperative risks, or be
considered contraindications are summarized in Table
1. Each transplant center assesses these criteria based
on its own clinical experience. A factor that may be
considered a contraindication at one center may not
necessarily be regarded as such at another. Therefore,
before concluding that a patient is not a suitable can-
didate for lung transplantation, it is recommended that
the patient be evaluated by at least two different trans-

plant centers.

Figure 2. Thoracic computerized tomography images of some of the rare interstitial lung diseases: a) Lymphangioleio-
myomatosis; b) Pulmonary alveolar proteinosis; ¢) Silicosis; d) Pulmonary alveolar microlithiasis; e) Pleuroparenchymal

fibroelastosis.
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Table 1. Risk factors for poor post-transplant outcomes.

Contraindications/risks Features

* Patient unwillingness or refusal to undergo transplanta-tion

¢ Active malignancy with a high probability of recurrence or mortality

* Estimated glomerular filtration rate (¢GFR) below 40 mL/min/1.73 m?, unless a
combined organ transplant is be-ing considered

* Recent acute coronary event or myocardial infarction (within the past 30 days)

* Recent cerebrovascular accident (stroke) within the previous month

* Presence of liver cirrhosis with signs of portal hypertension or impaired synthetic
function, unless part of a planned mul-ti-organ transplant

e Acute liver failure

* Ongoing acute kidney injury with rising creatinine levels or dialysis dependence,
and low likelihood of renal recovery

Absolute Contraindications * Septic shock

* Active systemic or extrapulmonary infections

¢ Current or inadequately treated tuberculosis

e HIV infection with an uncontrolled (detectable) viral load

* Severely impaired functional status with limited capacity or rehabilitation after
transplantation

* Ongoing decline in cognitive function

* Persistent non-compliance with medical recommendations despite interventions

* Current substance abuse or dependence, including tobacco, vaping products, canna-
bis (inhaled), or intravenous drugs

* Any serious, uncontrolled comorbid condition likely to compromise survival after
transplantation

¢ Advanced age (>70 years)

* Advanced coronary artery disease necessitating coronary artery bypass surgery at
the time of transplantation

» Left ventricular ejection fraction below 40%

* Clinically significant cerebrovascular pathology

* Marked esophageal motility disorders

* Hematologic abnormalities that are not amenable to treatment (e.g., bleeding diathe-

Risk Factors with High or sis, thrombotic disorders, or profound bone marrow suppression)

Substantially Increased Risk * Body mass index (BMI) exceeding 35 kg/m?

Candidates with these * Severe underweight (BMI <16 kg/m?):

conditions may be considered * Markedly reduced functional capacity with uncertain post-transplant rehabilitation
in centers with expertise potential

specific to the condition. * Presence of psychiatric or neurocognitive disorders likely to affect adherence, in the
When more than one of these absence of adequate psychosocial sup-port

risk factors are present, they ¢ Lack of a stable or dependable caregiving network

are thought to be possibly * Persistent lack of comprehension regarding disease severity or transplant implica-
multiplicative in terms of tions despite thorough education

increasing the risk of adverse ¢ Chronic infection with Mycobacterium abscessus:

outcomes. * Colonization or active infection with Lomentospora prolifi-cans:

* History of infection with Burkholderia cenocepacia or Burkholderia gladioli

¢ Chronic hepatitis B or C infection with detectable viral load and evidence of hepatic
fibrosis

» Significant chest wall or spinal abnormalities anticipated to impair pulmonary me-
chanics after transplantation

* Requirement for extracorporeal life support (ECLS) at the time of evaluation

* Retransplantation within one year of the initial lung transplant
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Table 1. Risk factors for poor post-transplant outcomes. Continues

Risk Factors

Risk factors with unfavorable
implications for short and /or
long-term outcomes after lung
transplant.

While acceptable for lung
transplant to consider patients
with these risk factors, multiple
risk factors together may
increase risk for adverse post-
transplant outcomes.

Age between 65 and 70 years

Glomerular filtration rate ranging from 40 to 60 mL/min/1.73 m?

Mild to moderate coronary artery disease

Severe coronary artery disease amenable to revascularization via percutaneous coro-
nary intervention before transplantation

History of coronary artery bypass graft surgery

Left ventricular ejection fraction decreased to 40-50%

Presence of peripheral vascular disease

Connective tissue disorders such as scleroderma, lupus, or inflammatory myopathies
Severe gastroesophageal reflux disease

Esophageal motility disorders

Thrombocytopenia, leukopenia, or anemia likely to persist after transplantation
Diagnosis of osteoporosis

Body mass index between 30 and 34.9 kg/m?

Body mass index between 16 and 17 kg/m?

Physical frailty

Hypoalbuminemia (low serum albumin levels)

Poorly controlled diabetes mellitus

Use of consumable marijuana

Infection with Scedosporium apiospermum

HIV infection with an undetectable viral load

Previous thoracic surgeries

History of pleurodesis

* Requirement for mechanical ventilation
» Retransplantation needed more than one year after for obstructive chronic lung al-
lograft dysfunction (CLAD)

Risk factors for poor post-transplant outcomes
summarized in a Table format.?

According to the ISHLT consensus document, re-
ferral and listing criteria for lung transplantation in
interstitial lung diseases are summarized in Table 2.3

LUNG TRANSPLANTATION ON THE BASIS OF
RARE ILDS

Depending on the type of rare ILD, different aspects
of lung transplantation need to be considered through-
out the entire process. Pulmonary Langerhans cell
histiocytosis (PLCH), lymphangioleiomyomatosis
(LAM), Pulmonary alveolar proteinosis (PAP), Pul-
monary alveolar microlithiasis (PAM), silicosis, and
pleuropulmonary fibroelastosis (PPFE) are the main
rare ILDs for which lung transplantation-related con-
siderations warrant discussion. All these rare ILDs are
comprehensively addressed in the relevant chapters of
this book.

Pulmonary Langerhans Cell Histiocytosis (PLCH)
Globally, approximately 0.4% of lung transplants have
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been performed in patients with PLCH.* The absence
of clearly defined guidelines for referral to lung trans-
plant centers in this population is largely attributable
to several factors, including the typically prolonged
survival, often exceeding 10 years post-diagnosis, the
potential for pulmonary involvement to improve fol-
lowing smoking cessation, and the unpredictable re-
sponse to medical therapies. In patients with PLCH
who progress to end-stage lung disease, pulmonary
hypertension is frequently observed and is recognized
as a significant factor associated with reduced surviv-
al.

In the United States, approximately 0.25% of
lung transplants have been performed in patients with
PLCH. Reported post-transplant survival rates at 1,
3,5, and 10 years are 85%, 65%, 49%, and 22%, re-
spectively. Notably, post-transplant survival has been
significantly higher in female recipients compared
to males, with a mean survival of 9.3 years versus
3.9 years. Interestingly, the presence of preopera-
tive pulmonary hypertension has not been shown to
negatively impact post-transplant survival. Although
disease-specific lung transplant criteria for PLCH are
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Table 2. ISHLT Lung Transplant Candidate Recommendations in ILD.?

Timing of Referral

Timing of Listing

* Referral should occur at diagnosis, even if treatment
has already begun, when histopathology confirms
UIP or imaging shows a probable or definite UIP
pattern.

* Any pulmonary fibrosis case with forced vital
capacity (FVC) below 80% of predicted or diffusing |
capacity for carbon monoxide (DLCO) under 40%
of predicted.

* Pulmonary fibrosis patients exhibiting any of the
following within the last two years:
 Arelative decline of 10% or more in FVC
* Arelative decline of 15% or more in DLCO .
* Arelative 5% decline in FVC combined with

worsening respiratory symptoms or radiological
progression .

* Need for supplemental oxygen at rest or during
physical activity.

* In inflammatory interstitial lung diseases, evidence .
of disease progression on imaging or lung function
tests despite ongoing therapy.

» Early referral is advised for patients with connective
tissue disease-related or familial pulmonary fibrosis,
given the possibility of extrapulmonary symptoms
requiring specialized management.

Any type of pulmonary fibrosis showing one or more of the

following within the last 6 months despite adequate treatment:

* An absolute reduction in FVC greater than 10%

* An absolute decrease in DLCO exceeding 10%

* An absolute decline in FVC over 5% accompanied by
worsening imaging findings

Oxygen saturation dropping below 88% during a 6-minute walk

test, or a decrease of more than 50 meters in walk distance over

the past 6 months

Evidence of pulmonary hypertension detected by right heart

catheterization or 2D echocardiography, provided diastolic

dysfunction is not present

Hospital admission due to respiratory deterioration,

pneumothorax, or acute exacerbation of disease

lacking, referral to a transplant center is recommended
when pulmonary hypertension develops.’

Recurrence rates of approximately 20% have been
reported in patients who continued smoking after lung
transplantation or who had extrapulmonary involve-
ment prior to transplantation.® Therefore, it is essential
that patients with PLCH undergo thorough pre-trans-
plant evaluations, including comprehensive whole-
body imaging to assess for extrapulmonary disease.
Additionally, confirmed smoking cessation is a critical
prerequisite for transplantation in this population.

Additionally, a history of prior thoracic surgeries
for recurrent pneumothoraces and the presence of hy-
pophyseal involvement, such as diabetes insipidus,
necessitate special consideration, as these patients
differ from other lung transplant candidates in several
important respects.

In the management of pneumothorax, lung sur-
gery, such as pleural procedures aimed at preventing
pneumothorax recurrence, should be performed as the
initial approach in appropriate patients. Following
surgical control of pneumothorax, cladribine should

be considered as the first-line systemic therapy. Par-
ticularly in patients with pulmonary involvement at
the nodular or nodulo-cystic stage, cladribine therapy
is recommended as a priority.” In cases where there is
no response to cladribine or in patients with advanced
cystic disease and significantly impaired pulmonary
function, lung transplantation should be considered as
an appropriate treatment option.

Lymphangioleiomyomatosis (LAM)

With the widespread global use of mTOR inhibitor
therapies, the need for lung transplantation in patients
with LAM has decreased.® According to the Interna-
tional Society for Heart and Lung Transplantation
(ISHLT), referral for lung transplantation evaluation
should be considered for individuals with LAM who
exhibit any of the following despite mTOR inhibitor
therapy:

* Severely impaired lung function (e.g., FEV, <30%
predicted)

* Exertional dyspnea (New York Heart Association
Class III or IV)
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* Resting hypoxemia
¢ Pulmonary hypertension
¢ Refractory pneumothorax

Since pneumothorax is frequently seen even in
mild forms of LAM, unlike other interstitial lung dis-
eases, lung transplantation is generally not considered
unless the pneumothorax is refractory to treatment.
Recurrent pneumothoraces and prior pleural surgeries,
which may result in pleural adhesions, should be care-
fully assessed by transplant teams due to the increased
risk of perioperative bleeding. Single lung transplan-
tation is generally discouraged in patients with LAM
owing to the risk of pneumothorax in the native lung
and the possibility of native lung hyperinflation syn-
drome. Whenever feasible, bilateral lung transplanta-
tion is the preferred approach.®

Lung transplantation listing is recommended for
LAM patients who meet these referral criteria and
show evidence of disease progression despite mTOR
inhibitor therapy.> The discontinuation of mTOR in-
hibitors after placement on the transplant waiting list
remains a controversial issue due to their potential
adverse effects on bronchial anastomotic healing and
the associated risk of bronchial dehiscence. A careful
risk-benefit assessment is essential. In certain cases,
switching from sirolimus to everolimus, which has a
shorter half-life, and maintaining the drug at the low-
er end of the therapeutic range may enable continued
therapy during the waiting period for transplantation.’

Renal angiomyolipomas warrant thorough eval-
uation before transplantation because of their high
bleeding potential. Prophylactic embolization via
catheter-based techniques is particularly recommend-
ed for lesions exceeding 6 cm in size.?

In lymphangioleiomyomatosis (LAM), the report-
ed mean survival following lung transplantation is ap-
proximately 12 years. The 1-year, 5-year, and 10-year
post-transplant survival rates are 94%, 73%, and 56%,
respectively, significantly higher than those observed
in most other lung diseases.°

Pulmonary Alveolar Proteinosis (PAP)

In PAP cases with progressive disease despite whole
lung lavage (WLL) and/or pharmacological treatment,
lung transplantation is considered for patients who
meet the International Society for Heart and Lung
Transplantation (ISHLT) lung transplant criteria for
interstitial lung diseases.!" PAP, a rare disease, has
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limited data on lung transplantation derived primarily
from case series. In an international multicenter study
evaluating a total of 44 patients, lung transplantation
was performed on average 11.6 years after the diagno-
sis of PAP. Recurrence after transplantation was ob-
served in 8 of these patients (18%), but this did not
significantly affect overall survival. Reported survival
rates at 1-, 3-, and 5-years post-transplant were 90.8%,
85.1%, and 69.9%, respectively.

Pulmonary Alveolar Microlithiasis (PAM)

Currently, no proven effective medical therapies exist
for PAM. Although the disease typically progresses
slowly, lung transplantation remains the sole defini-
tive treatment option once patients reach end-stage
lung disease. Due to the absence of PAM-specific lung
transplant referral criteria, the International Society
for Heart and Lung Transplantation (ISHLT) guide-
lines for ILDs are utilized for transplant evaluation in
this population. Despite the challenges posed by ex-
tensive calcification of the lung parenchyma, which
complicates lung deflation during surgery, and the in-
creased risk of perioperative bleeding due to pleural
adhesions, successful outcomes have been reported
following single or bilateral lung transplantation in
patients with PAM.!* Pulmonary hypertension sec-
ondary to PAM has been observed in nearly all trans-
planted patients. Referral for lung transplantation is
recommended when pulmonary hypertension is pres-
ent alongside the requirement for long-term oxygen
therapy.'+"

Post-transplant survival in PAM patients is compa-
rable to that of other lung transplant recipients, and to
date, disease recurrence following transplantation has
not been reported.

Silicosis

Silicosis is a rare ILD with no effective medical treat-
ment, and lung transplantation is the only option once
it progresses to end-stage. Calcified mediastinal and
hilar lymph nodes complicate dissection of hilar struc-
tures during surgery, while pleural thickening increas-
es the risk of bleeding, making pneumonectomy tech-
nically challenging in these patients. Since bilateral
lung transplantation has not demonstrated superiority
over single lung transplantation in silicosis, single
lung transplantation may be preferred to minimize
surgical risks.'
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Long-term post-transplant mortality in silicosis
patients is comparable to that observed in other lung
diseases.!” Reported survival rates after transplanta-
tion are 81% at 1 year and 68% at 3 years.'® Given the
surgical complexity, careful patient selection remains
essential.

Pleuroparanchimal Fibroelastosis (PPFE)

The natural progression of PPFE, characterized by
flattening and stiffening of the chest wall, may lead to
persistent restrictive ventilatory impairment even after
transplantation. Recipients with low body mass index
(BMI) and a flattened chest wall often have a severe-
ly reduced thoracic cavity volume, resulting in size
mismatch with the donor lungs. This may necessitate
reducing the donor lung volume or opting for lobar
transplantation. Bleeding due to pleural adhesions is
common and may require reoperation.'® These factors
contribute to increased early postoperative mortality
and adversely affect long-term survival in patients
with PPFE.

In a French national cohort, early postoperative
mortality was reported at 32%, with a mean survival
of 21 months. The 1-, 2-, and 5-year post-transplant
survival rates were 57.9%, 42.6%, and 38%, respec-
tively.” In contrast, two studies from Japan reported
a mean survival of 8.4 years and a 5-year post-trans-
plant survival rate of 68.6%.%?! The poorer outcomes
observed in the French cohort were attributed to trans-
plantation being performed in patients with more ad-
vanced disease, greater restrictive physiology, flatter
chest walls, and established pulmonary hypertension
compared to those in the Japanese series.

Data on lung transplantation for PPFE remain lim-
ited to case series. Based on these findings, careful se-
lection of both recipients and donors, early referral to
transplant centers prior to severe chest wall flattening
and stiffening, and optimal timing of transplantation
are essential for achieving favorable outcomes.?

TYPE OF TRANPLANT SURGERY

The decision to perform either single or bilateral lung
transplantation is primarily guided by the underlying
disease, patient-specific factors, and center-specific
protocols. Single lung transplantation is often pre-
ferred in patients with idiopathic pulmonary fibrosis
(IPF) and selected cases of ILD, particularly in older
individuals or those with significant comorbidities,

254

as it involves a shorter operative time and potential-
ly faster postoperative recovery. In contrast, bilateral
lung transplantation is generally indicated for diseases
characterized by bilateral lung involvement, chronic
infection, or severe pulmonary vascular disease. Con-
ditions such as cystic fibrosis, bronchiectasis, severe
chronic obstructive pulmonary disease (COPD) in
younger patients, pulmonary hypertension, and LAM
typically necessitate bilateral lung transplantation due
to better long-term outcomes and improved survival.?®
In cystic ILDs, bilateral lung transplantation is gener-
ally favored due to the increased risk of pneumothorax
in the native cystic lung, as well as the potential for the
development of aspergilloma and opportunistic bacte-
rial infections, particularly under immunosuppressive
therapy following transplantation.?*?

The severity of pulmonary hypertension is a key
factor in determining whether to perform single or
double lung transplantation. In patients with mod-
erate pulmonary hypertension, defined by a mean
pulmonary artery pressure (mPAP) between 25 and
40 mmHg, single lung transplantation is considered
a safe and effective option. Although double lung
transplantation is traditionally recommended for pa-
tients with severe pulmonary hypertension (mPAP
>40 mmHg), recent studies have demonstrated that
single lung transplantation can also yield favorable
outcomes, particularly in elderly patients with signifi-
cant comorbidities, provided that appropriate intraop-
erative mechanical circulatory support is used. These
findings suggest that even in the presence of severe
pulmonary hypertension, single lung transplantation
should not be dismissed, especially when careful pa-
tient selection and optimal intraoperative management
are ensured.”

CASE ANALYSIS

Based on these clinical findings, the patient was listed
for lung transplantation in March 2020. During fol-
low-up, the patient developed an aspergilloma within
a cavitary lesion in the right lung, for which antifun-
gal therapy with voriconazole was initiated. Owing to
prolonged transplant wait times during the COVID-19
pandemic, the patient remained on the lung transplant
waiting list for two years and eight months. On De-
cember 22, 2022, a suitable donor became available,
and the patient subsequently underwent bilateral lung
transplantation. Intraoperatively, central veno-arte-
rial extracorporeal membrane oxygenation (ECMO)
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support was employed due to underlying pulmonary
hypertension. ECMO was successfully weaned and
discontinued at the conclusion of the procedure. The
patient was then transferred to the intensive care unit
for postoperative management.

For immunosuppression, basiliximab was admin-
istered for induction, while maintenance therapy in-
cluded tacrolimus, mycophenolate mofetil, and pred-
nisolone. The perioperative and postoperative courses
were uneventful. The patient was extubated on post-
operative day two, transferred to the ward on day four,
and discharged on postoperative day nineteen. Six
months after transplantation, the patient successfully
resumed his active professional life as a biomedical
technician.

He has now been followed for 36 months
post-transplant and continues to remain well without
any complications.

CONCLUSION

While referral and listing criteria for lung transplanta-
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PULMONER REHABILITATION IN
RARE INTERSTITIAL LUNG DISEASES

NADIR INTERSTISIYEL AKCIGER HASTALIKLARINDA
PULMONER REHABILITASYON

ABSTRACT

Interstitial lung diseases (ILDs) are a heterogeneous group of disorders characterized by inflammation
and/or fibrosis of the lung parenchyma, leading to impaired gas exchange and progressive respiratory
dysfunction. A common feature of these conditions is their chronic course, which significantly reduces
patients’ quality of life. Pulmonary alveolar proteinosis (PAP) is a rare subtype of ILD characterized by
the abnormal accumulation of surfactant within the alveoli. This accumulation disrupts normal gas ex-
change and results in respiratory symptoms such as hypoxemia, dyspnea, and ineffective cough. Whole
lung lavage (WLL) is currently considered the gold standard treatment for PAP, offering temporary
relief of symptoms. However, WLL is invasive, carries the risk of procedure-related complications, and
often requires repeated applications. Therefore, the development of safer, non-invasive, and support-
ive treatment approaches has become an important necessity for both patient comfort and long-term
disease management. Pulmonary rehabilitation (PR), particularly when structured in an individualized
and disease-specific manner, has emerged as a promising complementary strategy in the comprehen-
sive management of rare ILDs, including PAP. Among the core components of PR, inspiratory muscle
training (IMT) and expiratory muscle training (EMT) have shown evidence-based effectiveness in
chronic lung diseases by enhancing respiratory muscle strength, improving cough efficiency, increas-
ing exercise tolerance, and elevating quality of life. PAP, although supported by limited clinical data,
has gained more attention in the literature in recent years due to the growing number of reported cases,
making it a suitable model for evaluating the clinical outcomes of these interventions. This chapter
presents the outcomes of a patient with PAP who underwent a tailored physiotherapy program. The
structured rehabilitation led not only to improvements in physiological parameters but also to signif-
icant gains in functional capacity and psychosocial well-being. These findings underscore the crucial
role of physiotherapy within multidisciplinary, patient-centered care models. In the management of
rare and complex ILDs, PR can be considered an effective non-pharmacological therapeutic option.
Expanding the implementation of such programs and sharing their results in scientific platforms may
provide valuable contributions not only for PAP but also for the management of other rare ILDs.

Keywords: Pulmonary alveolar proteinosis, interstitial lung disease; Rare interstitial lung disease;
Pulmonary rehabilitation; Inspiratory muscle training

OZET

Interstisyel akciger hastaliklar1 (IAH), akciger parankiminde inflamasyon ve/veya fibrozis ile sey-
reden, gaz degisimini bozan ve ilerleyici solunum disfonksiyonuna yol agan heterojen bir hastalik
grubudur. Bu hastaliklarin ortak ozelligi, kronik seyirli olmalar1 ve yasam kalitesini belirgin sekilde
azaltmalaridir. Pulmoner alveoler proteinozis (PAP), alveoller i¢inde yuzey aktif madde (surfaktan)
birikimi ile karakterize, nadir gorulen bir IAH turudur. Bu anormal birikim, alveollerin normal gaz
degisimini bozarak hipoksemi, dispne ve etkisiz oksuriik gibi solunumsal semptomlara yol agar. Gu-
nimuzde altin standart tedavi yontemi olan total akciger lavaji (TAL), semptomlarda gegici iyilesme
saglayabilse de invaziv bir girisim olmasi, islem kaynakli komplikasyon riski tasimasi ve tekrarlayan
uygulama gerekliligi nedeniyle sinirliliklar barindirir. Bu nedenle, daha guivenli, non-invaziv ve des-
tekleyici tedavi yaklagimlarinin gelistirilmesi hem hasta konforu hem de uzun vadeli hastalik yonetimi
acisindan burytik onem tagimaktadir. Pulmoner rehabilitasyon (PR), ozellikle bireysellestirilmis ve has-
taliga 0zgu bicimde yapilandirildiginda, PAP dahil olmak tizere nadir IAH’larin butuncuil yonetiminde

258



Yilmaz Pulmoner Rehabilitation in Rare Interstitial Lung Diseases

tamamlayici bir strateji olarak dikkat ¢cekmektedir. PR kapsaminda kullanilan inspiratuvar kas egitimi (IMT) ve ekspiratuvar kas egitimi (EMT)
gibi yontemler, kronik akciger hastalarinda solunum kas giicinii artirmada, oksuriik etkinligini iyilestirmede, egzersiz toleransini gelistirmede
ve yasam kalitesini ytuikseltmede kanita dayali etkinlik gostermistir. PAP, sinirh klinik veri bulunan ancak son yillarda artan sayida vaka bildiri-
miyle literatirde daha ¢ok yer bulmaya baslayan bir hastalik oldugundan, bu tur mudahalelerin sonuglarini degerlendirmek i¢in uygun bir 6rnek
olusturmaktadir. Bu bolimde, PAP tanis1 almig bir hastanin bireysellestirilmis fizyoterapi programindan elde edilen sonuglar sunulmaktadir.
Uygulanan yapilandirilmig rehabilitasyon programi sayesinde yalnizca fizyolojik parametrelerde degil, fonksiyonel kapasite ve psikososyal
duzeyde de kayda deger iyilesmeler gozlenmistir. Bu bulgular, fizyoterapinin multidisipliner ve hasta merkezli bakim modellerinde kritik bir
rol uistlenebilecegini gostermektedir. Nadir ve karmagik seyirli IAH’larin yonetiminde PR, farmakolojik olmayan etkili bir tamamlayici tedavi
secenegi olarak One ¢cikmaktadir. Bu tur uygulamalarin yayginlastirilmas: ve elde edilen sonuglarin bilimsel platformlarda paylasilmasi, yalnizca
PAP degil, diger nadir IAH formlarinin yonetimine de degerli katkilar saglayacaktir.

Anahtar Kelimeler: Interstisyel akciger hastaliklari; Idyopatik interstisyel pnomoni; Ploroparankimal fibroelastoz; Kemik iligi nakli; Akciger

nakli

CASE PRESENTATION

A 49-year-old female patient, retired nurse, with a
height of 164 cm and weight of 49 kg, was diagnosed
with PAP twelve years ago. The patient had undergone
bronchoscopy to investigate bilateral ground-glass
opacities detected on thoracic computed tomography
(CT) (Figure 1), performed during her initial presen-
tation due to chest pain and shortness of breath. The
diagnosis of PAP was confirmed based on typical find-
ings observed in bronchoalveolar lavage and transbron-
chial biopsy. The patient had a smoking history of 20
pack-years and quit smoking after the diagnosis.

During follow-up, the patient experienced dyspnea,
cough, low oxygen saturation, and decreased diffusion
exercise capacity, leading to a total of 14 repeated WLL
procedures. The patient had clubbing of fingers and re-
spiratory muscle weakness. In auscultation of the lung,
crackles in the lower lobes were the main findings.
Following some of the WLL procedures, she experi-
enced prolonged hypoxia that required admission to the
intensive care unit and mechanical ventilator support.
The patient also received long-term oxygen therapy
and was found to have high levels of GM-CSF autoan-
tibodies, resulting in intermittent inhalation treatment
of GM-CSF both off-label and subsequently as part of
a clinical trial. Despite these interventions, WLLs and
drug treatments, the patient continued to experience
complaints such as persistent cough, excessive sputum
production, exertional dyspnea, and hypoxia that sig-
nificantly impacted daily activities. In 2022, the patient
also had a confirmed case of COVID-19. The deterio-
ration of symptoms resulted in enrollment into a phys-
iotherapy program as an option worth trying.

The patient was treated between July 2022 and
September 2022. During this period, no changes were
made to the medical treatment. She continued to use a

combination of inhaled corticosteroids and bronchodi-
lators which was already prescribed to alleviate symp-
toms. An informed consent was obtained from patient
prior to the beginning of the pulmonary rehabilitation
training.

“At first, I ran away from physical therapy, think-
ing I wouldn’t have enough breath for it. But when my
doctor told me that this was the last resort for me, I
realized how serious the situation was. By insisting on
rehabilitation, even though it was hard, I started to feel
better in every way, I got stronger and even recovered
enough to be free from oxygen support. If the doctor is
not determined in this process, the patient may choose
the easy way out. This can result in missing out on the
substantial benefits of treatment. Physicians should
make it clear to their patients that unless they commit
to the prescribed physical therapy, no other treatment
will be provided.” NY, 51, female, diagnosed PAP 14
years ago.

PHYSICAL THERAPY AND REHABILITATION IN ILDS

Pulmonary rehabilitation (PR) has been recommended
in the guidelines for IPF for decades. In the first IPF
guideline in 2000, PR has been mentioned among oth-
er management issues and recommended to encourage
IPF patients even though the evidence was lacking. The
benefits of combining exercise training, education, and
psychosocial were listed as an improvement in exer-
cise tolerance, together with decreased symptoms of
breathlessness, improved quality of life, and less need
for health care services, except the improvements in
lung function unlikely to occur." This guideline has
been followed by others, mainly positioned PR among
the non-pharmacological treatments such as oxygen
support. In the IPF guideline published in 2011, state-
ment has been made by mentioning the level of rec-
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Figure 1. Thoracic CT: Diffuse ground glass appearance in both lungs, relevant to crazy paving pattern, accompanied by

interlobular and intralobular septal thickening.

ommendation as weak, however by recommending
PR in the majority of IPF patients.? In this guideline,
the rationale for this recommendation has been based
on two controlled trials of PR in IPF demonstrated
an improvement in walk distance and symptoms or
quality of life, and the positive impact has been more
pronounced in patients with worse baseline function-
al status. An update on interstitial pneumonias has
been focused on the classification not the treatment,
therefore searching about PR is in vain.® A recent com-
prehensive guideline has an important task to discuss
recent advances on IPF including a new term, Progres-
sive Pulmonary Fibrosis (PPF), and PR has been men-
tioned only by name among the non-pharmacological
treatment with oxygen support.*

After all, a recent practice guideline has stated that
PR is underused despite its proven benefits for patients
with chronic respiratory disease and aimed to lead to
greater knowledge of the proven benefits of PR, high-
light the role of PR in evidence-based health care, and
in turn foster referrals to and more effective delivery
of PR for people with chronic respiratory disease.® It
emerged as a highly effective complementary treat-
ment strategy aimed at alleviating respiratory symp-
toms, enhancing exercise capacity, and improving pa-
tients’ overall quality of life in chronic lung diseases.

In the IPF Guideline, PR programs described brief-

ly involving aerobic conditioning, strength and flexi-
bility training, educational lectures, nutritional inter-
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ventions, and psychosocial support.> In recent review
for ILDs, PR can find a place only in one sentence as
in: “Pulmonary rehabilitation can also improve exer-
cise capacity and health-related quality of life, espe-
cially if started early.” On the other hand, in the treat-
ment algorithm from this overview on ILDs, rare ILDs
(only PAP and LAM included) were out of the main-
stream with scarce recommendation for treatment and
PR was not among these treatments, as in IPF which
has drug treatment with two options. However, PR
placed in the other arm but at the bottom after all drug
treatments by saying when the patient needs were not
addressed: Symptom relief, pulmonary rehabilitation,
psychological support.®

This approach is beneficial not only for common
ILD subtypes such as idiopathic pulmonary fibro-
sis (IPF), but also for rare diseases like pulmonary
alveolar proteinosis (PAP), lymphangioleiomyoma-
tosis (LAM), pulmonary Langerhans cell histiocyto-
sis (PLCH), and sarcoidosis, each of which presents
unique pathophysiological characteristics requiring
tailored rehabilitation strategies.’

Each subtype of ILD, particularly rare ILDs, must
be considered based on the specific characteristics of
the disease and through an individualized approach. In
a review focusing on one of the rare ILDs, pleuropa-
renchymal fibroelastosis (PPFE), a highly progressive
disease with no effective treatment, a retrospective
analysis of nine patients with idiopathic PPFE who
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completed a 10-week exercise training program was
reported to be beneficial in terms of exercise capacity,
dyspnea, anxiety, depression, and health-related qual-
ity of life.® However, the study also raised a caution-
ary note for physicians regarding the potential risk of
complications such as pneumothorax and pneumome-
diastinum.’

Emerging evidence from a recent study suggests
that engagement in pulmonary rehabilitation could
contribute to longer-term survival, up to five years, in
patients with ILD, including those with IPF. Beyond
the well-established clinical benefits, this potential
survival improvement highlights the critical need to
integrate PR into routine ILD management.'® An edi-
torial highlights the study’s added value by noting that
“using individual patient data, this study also goes
beyond study-level meta-analysis of a few small tri-
als that were individually, and in meta-analysis, not
able to show a significant survival benefit of PR,”
thereby emphasizing the strength of its methodology
and findings." The editorial concludes by stressing
that achieving holistic care in ILD is only possible
through promoting awareness of PR across all levels,
including patients, healthcare providers, and funding
stakeholders, while also ensuring both access and re-
imbursement are adequately addressed.

In summary, this modality is mostly neglected in
ILD, even in IPF, the most common and progressive
subtype of ILDs. Being a rare or ultra-rare ILD may
not be the main obstacle to the lack of PR approaches
and studies, especially when the role of PR, and re-
habilitation in general, is not sufficiently recognized
within the ILD group. On the contrary, physicians
may seek such approaches in rare ILDs, since effec-
tive treatments are often unavailable and the disease
course may be progressive. At the very least, pulmo-
nary rehabilitation plays a key role in the preparation
for and post-procedural period of lung transplanta-
tion.'? This chapter aims to raise awareness on the top-
ic and promote the implementation of these programs
in patient management through a successful example.

COMPONENTS OF PULMONARY REHABILITATION

Standard pulmonary rehabilitation programs generally
consist of four components. These are given below:

Aerobic Exercise Training

Aerobic exercise aims to improve cardiorespiratory

endurance, enhance oxygen utilization, and increase
overall exercise tolerance.

Implementation Details

* Exercise types: Treadmill walking, stationary cy-
cling, brisk walking

e Intensity: Submaximal (60-80% of predicted

maximum heart rate), moderate to somewhat hard
on the Borg scale (3-5 for dyspnea/perceived ex-
ertion)

e Duration & frequency: 20-40 minutes per ses-
sion, 3-5 times per week

* Goals: Reduce breathlessness, improve muscle
oxygen efficiency, and increase tolerance to daily
physical activities.!>!4

Resistive Muscle Strengthening

Peripheral muscle weakness can significantly limit
functional capacity in patients with pulmonary dis-
ease. Resistance training improves muscular strength,
endurance, and mobility.

Implementation Details

e Target muscle groups: Quadriceps, hamstrings,
calf muscles, shoulder and arm muscles

¢ Equipment: Dumbbells, weight machines, resis-
tance bands

e Sets/repetitions: 2-3 sets of 8-12 repetitions at
moderate resistance

* Goals: Enhance muscle mass and strength, reduce
fatigue, and support functional independence.'

Respiratory Muscle Training
(Inspiratory and Expiratory)

Respiratory muscle training aims to strengthen the
muscles involved in breathing, which is particularly
important in diseases like PAP, where cough effective-
ness and ventilatory capacity are compromised.

Inspiratory Muscle Training (IMT)
¢ Devices: Threshold IMT, POWERDbreathe, etc.

¢ Intensity: Starts at 30-50% of baseline Pimax,
with progressive loading

* Frequency: 1-2 sessions daily, 15-30 minutes each

¢ Goal: Strengthen the diaphragm and accessory re-
spiratory muscles."
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Expiratory Muscle Training (EMT):
¢ Devices: Threshold PEP, EMST150, or similar re-
sistance-based devices

* Intensity: Initially set at 30-50% of the patient’s
maximal expiratory pressure (PEmax), gradually
increased as tolerated

* Goal: Improve cough strength, facilitate airway
clearance, and strengthen expiratory muscles.16

* Frequency: 1-2 sessions Daily, 5 to 7 days per
week, 15-30 minutes each

Patient Education

Patient education empowers individuals to understand
their disease, manage symptoms effectively, and ac-
tively participate in self-care. It covers disease-spe-
cific information such as the pathophysiology and
symptoms of PAP, proper medication uses and inhaler
techniques, energy conservation strategies and daily
activity planning, breathing techniques like pursed-lip
and controlled breathing, as well as guidance on nutri-
tion, psychosocial support, and stress management."?

Exercise training, in particular, has been shown to
reduce dyspnea and significantly improve functional
capacity by enhancing ventilatory efficiency. In ILD
patients with exercise-induced desaturation, supple-
mental oxygen during exercise can prevent hypox-
emia and enable better tolerance to physical activity.'*
Additionally, training of the inspiratory and expiratory
muscles is crucial for improving cough effectiveness
and facilitating secretion clearance.!>!¢

EVIDENCE-BASED OUTCOMES

The effectiveness of pulmonary rehabilitation (PR) in
patients with interstitial lung diseases (ILD) has been
well established through numerous high-quality clini-
cal studies. A comprehensive meta-analysis of 21 ran-
domized controlled trials demonstrated that PR sig-
nificantly improved functional exercise capacity, with
an average increase of 40 meters in the 6-minute walk
test (60MWT), along with clinically meaningful reduc-
tions in dyspnea (measured by the modified Medical
Research Council (mMRC) scale) and improvements
in health-related quality of life (HRQoL), without
notable adverse effects.!'* In a 2024 randomized con-
trolled trial, 30 patients with IPF underwent an 8-week
home-based inspiratory muscle training (IMT) pro-
gram via telerehabilitation, resulting in a 58-meter
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improvement in 6MWT, a reduction in mMRC scores
from 2.2 to 1.4, and a significant increase in maximal
inspiratory pressure (MIP), demonstrating the efficacy
of remote IMT in enhancing respiratory and functional
outcomes.!” A 2022 systematic review found that cen-
ter-based pulmonary rehabilitation in interstitial lung
disease significantly improves functional exercise ca-
pacity (6-minute walk distance), reduces dyspnea, and
enhances health-related quality of life.’® A multicenter
randomized study of a 6-month pulmonary rehabilita-
tion program in IPF reported improvements in 6-min-
ute walk distance, quadriceps strength, and SGRQ at
program completion.” Furthermore, a systematic re-
view of high-intensity interval training (HIIT) in ILD
patients showed that HIIT is feasible and well-tolerat-
ed, providing improvements in endurance, ventilatory
efficiency, and patient adherence despite the risk of
oxygen desaturation.”® The addition of IMT to con-
ventional PR also proved beneficial in a randomized
trial reporting increased PImax (+11 cmH,0), 6MWT
distance (+47.9 meters), and reductions in mMRC
and SGRQ scores.”’ Notably, a five-year follow-up
study of IPF patients found that participation in PR
was associated with a 44% reduced risk of death or
lung transplantation, highlighting not only symptom
management benefits but also potential survival ad-
vantages.'’

Clinical guidelines for pulmonary rehabilitation in
patients with interstitial lung diseases (ILD) emphasize
structured and individualized programs to optimize
outcomes. A typical rehabilitation program should
span 8 to 12 weeks, with sessions conducted two to
three times per week. Both center-based and home-
based models, including telerehabilitation approach-
es, have demonstrated comparable effectiveness in
improving patient outcomes.??> The core components
of these programs include aerobic and resistance train-
ing, as well as adjunctive therapies such as inspiratory
and expiratory muscle training (IMT/EMT), with sup-
plemental oxygen administered when it was clinically
indicated. Respiratory muscle training, in particular,
has been shown to reduce dyspnea, enhance maximal
inspiratory and expiratory pressures, and increase
exercise capacity in ILD patients.?' Furthermore, ev-
idence suggests that the benefits of pulmonary rehabil-
itation may be sustained for up to 12 months following
program completion, particularly when patients main-
tain physical activity and follow-up care is provided."

A review on rare ILD, it has been pointed out that
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the experience with pulmonary rehabilitation is still
limited. Interestingly, this is the only part, for PPFE, in
where rehabilitation was mentioned in a review ded-
icated to a selection of rare or ultrarare ILDs with a
higher probability of being faced in clinical practice,
pulmonary alveolar proteinosis (PAP), pulmonary
alveolar microlithiasis (PAM), pleuroparenchymal
fibroelastosis (PPFE), Hermansky—Pudlak syndrome
(HPS), Lymphangioleiomyomatosis (LAM), and var-
ious multiple cystic lung diseases, Birt-Hogg—Dubé
syndrome (BHDS), and Pulmonary Langerhans cell
histiocytosis (PLCH).? It deserves to be thought about
why the evidence is still limited.

A practice guideline on the efficacy of pulmonary
rehabilitation (PR) in chronic lung diseases was re-
cently published. This multidisciplinary panel issued
a strong recommendation for PR in adults with in-
terstitial lung disease and recommended offering the
choice of center-based PR or telerehabilitation to pa-
tients with chronic respiratory disease, based on mod-
erate-quality evidence.’

APPLICATION IN RARE ILD SUBTYPES:
FOCUS ON PAP

Pulmonary alveolar proteinosis (PAP) is a rare ILD
characterized by surfactant accumulation in the al-
veoli. While it shares clinical features with other
ILDs, including dyspnea and oxygen dependence, it
has a unique pathophysiology. The autoimmune form
(aPAP) constitutes about 90% of cases and is associ-
ated with GM-CSF autoantibodies. Secondary forms
often relate to smoking or occupational exposures.**

WLL (whole lung lavage) is the current gold stan-
dard for symptomatic PAP, but it presents challenges
such as procedure variability, anesthesia risks, and re-
peated interventions. Inhaled GM-CSF offers prom-
ising results but is limited by cost and availability.?

PHYSIOTHERAPY AND PAP

Emerging evidence supports the integration of phys-
ical therapy as a valuable adjunct in the management
of pulmonary alveolar proteinosis (PAP). Several stud-
ies have demonstrated the benefits of both manual and
device-assisted physiotherapeutic interventions in im-
proving secretion clearance and respiratory function.
In one of the earliest reports, Bracci (1988) described
meaningful improvements in pulmonary symptoms

and function following chest physiotherapy in a patient
with PAP, highlighting its potential therapeutic role.?
More recently, Bahcaci and Uysal (2021) conducted
a comparative case report demonstrating that the lung
treated with adjunct manual physiotherapy, including
postural drainage, tapotement, and vibration, exhibit-
ed greater secretion clearance and faster oxygenation
recovery than the contralateral lung treated with WLL
alone, underscoring the clinical utility of physiotherapy
in PAP management.”” In addition, device-based airway
clearance has shown promise; Kumar and Schweiger
(2012) reported that intraoperative use of high-fre-
quency chest wall oscillation (HFCWO) via the Vest™
system during WLL facilitated secretion mobilization
and reduced lavage duration.”® Complementing these
findings, a case study involving a 20-year-old female
patient undergoing a 24-week pulmonary rehabilitation
program, comprising aerobic exercise, inspiratory mus-
cle training (IMT), and resistance training, demonstrat-
ed significant functional and symptomatic improve-
ments, suggesting that comprehensive physiotherapy
interventions can contribute meaningfully to the clin-
ical management of PAP.?

Inspiratory muscle training (IMT) and expiratory
muscle training (EMT) are essential, complementary
components of respiratory rehabilitation and play a sig-
nificant role in managing respiratory muscle weakness,
particularly in conditions such as interstitial lung dis-
eases (ILD) and pulmonary alveolar proteinosis (PAP).
IMT targets inspiratory muscle dysfunction and ven-
tilatory limitations by increasing maximal inspiratory
pressure (PImax), leading to reductions in dyspnea,
improvements in exercise tolerance, and enhanced ox-
ygen utilization. This is particularly relevant in chronic
hypoxemic conditions such as PAP, where inspiratory
muscle strengthening contributes to better respiratory
efficiency and reduced fatigue during exertion. IMT
can be safely implemented in both clinical and home-
based settings, with measurable benefits often observed
within 5 to 8 weeks of consistent training.'>?!

EMT, on the other hand, is especially valuable in
addressing symptoms such as dyspnea and ineffective
cough by improving maximal expiratory pressure (PE-
max).'® It also supports essential functions like speech,
swallowing, and physical performance. In PAP, where
alveolar filling and altered airway mechanics compro-
mise cough effectiveness, EMT plays a critical role in
enhancing secretion clearance, particularly after whole
lung lavage (WLL), when the expectoration of residual
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material is essential. EMT has also been shown to im-
prove exercise capacity and quality of life in patients
with chronic respiratory diseases and may serve as a
non-invasive adjunct to WLL in PAP management.'6*

When combined, inspiratory muscle training (IMT)
and expiratory muscle training (EMT) offer a com-
prehensive approach to respiratory rehabilitation by
strengthening both inspiratory and expiratory muscle
groups, optimizing ventilatory mechanics, and enhanc-
ing airway clearance. This integrative strategy may
facilitate faster recovery following whole lung lavage
(WLL), reduce the frequency of repeated procedures,
and contribute to improved functional capacity and
quality of life in patients with pulmonary alveolar pro-
teinosis (PAP).

Pulmonary rehabilitation, encompassing both gen-
eral and disease-specific interventions such as IMT and
EMT, has been shown to yield significant functional,
symptomatic, and psychosocial benefits in individuals
with interstitial lung diseases (ILD). In rare ILD sub-
types like PAP, the implementation of individualized
rehabilitation programs may improve clinical outcomes
and serve as an effective adjunct to standard medical
therapies.

Considering the invasive nature and inherent lim-
itations of WLL, there is growing rationale for integrat-
ing non-pharmacologic and non-invasive strategies,
particularly targeted physiotherapy, into the multidis-
ciplinary management of PAP. Further high-quality re-
search is needed to establish standardized rehabilitation
protocols tailored to this rare condition.

CASE ANALYSIS

The patient underwent treatment between July 2022
and September 2022. During this period, no modi-
fications were made to the medical therapy. Pre- and
post-treatment evaluations focused on dyspnea, respi-
ratory muscle strength, and quality of life. Respiratory
muscle strength and pulmonary function were assessed
using the Cosmed Pony FX® device. The 6-Minute
Walk Test (6MWT) was conducted in accordance with
the guidelines established by the American Thoracic
Society (ATS).*" Heart rate, oxygen saturation (SpO,),
blood pressure, and respiratory rate were measured be-
fore and after the test. Leg fatigue and dyspnea were as-
sessed using the Modified Borg Scale, and the distance
covered during the test was recorded.

The St. George’s Respiratory Questionnaire
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(SGRQ) was used to assess health-related quality of
life (HRQoL) in respiratory patients, with higher scores
indicating a greater impairment in quality of life.

At baseline, the patient was unable to complete the
6MWT and managed to walk only 360 meters. Resting
oxygen saturation was 98% with supplemental oxygen
and 95% without; however, it dropped to 80% during
physical activity. The patient’s maximal inspiratory
pressure (MIP) was 52 cmH,O and maximal expiratory
pressure (MEP) was 58 cmH,O. The modified Medical
Research Council (mMRC) dyspnea score was 3.

Following completion of the home-based exercise
program, the patient was re-evaluated and successfully
completed the 6MWT, walking 432 meters. She im-
proved sufficiently to attend rehabilitation sessions on
an outpatient basis. Continuation of the rehabilitation
program was conducted face-to-face at the hospital.
During the sessions, the patient was able to perform all
exercises without the need for supplemental oxygen.

In addition to inspiratory muscle training (IMT), the
rehabilitation program included breathing control tech-
niques, diaphragmatic breathing exercises, and other
respiratory exercises. Relaxation techniques, postural
correction exercises, and trunk muscle strengthening
were also incorporated. A 30-minute walk every day is
recommended.

IMT was administered over eight weeks using
the Philips Respironics Threshold IMT® device with
threshold loading. Training was conducted in a seated
position using a nose clip. Each session included six
loaded breathing cycles interspersed with 3-4 breathing
control intervals. The patient was instructed to use the
device twice daily for 30-minute sessions over 8 weeks.
Inspiratory resistance was adjusted biweekly at the out-
patient clinic to ensure that each resistive breath corre-
sponded to 30-40% of the patient’s maximal inspiratory
pressure (PImax).*

The overall program was conducted three times per
week, with one session at the clinic and two sessions at
home. The first two weeks consisted of clinical treat-
ment only. In the subsequent weeks, patients attended
the clinic once per week and performed two home-
based sessions. Home sessions were monitored week-
ly via phone calls. The full 8-week protocol includ-
ed 12 supervised clinic sessions and 12 home-based
sessions. Compliance, technique, and resistance levels
were consistently monitored by the same physiothera-
pist throughout the study.
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TREATMENT RESULTS

Upon completion of the intervention, improvements
were noted in inspiratory (PImax) and expiratory (PE-
max) muscle strength, exercise tolerance, and dys-
pnea levels. The 6MWT distance increased, reflecting
enhanced exercise capacity. Notably, improvements
were also observed in all domains of the SGRQ, indi-
cating better quality of life.

Additionally, there was a detected increase in
FEV1, FVC, and PEF presented as % of predicted. A
general improvement in all measured outcomes was
documented, with enhancement in SGRQ subdomains
further supporting the clinical effectiveness of the in-
tervention (Table 1).

The effectiveness of an 8-week program of inspi-
ratory muscle training (IMT) combined with phys-
iotherapy was evaluated in a patient with pulmonary
alveolar proteinosis (PAP). A notable increase in exer-

cise capacity, as well as improvements in both PIMAX
and PEMAX, was observed. Additionally, a reduction
in dyspnea and an improvement in quality of life were
noted. Conversely, there was minimal change observed
in pulmonary function tests. It is common for patients
experiencing respiratory symptoms to avoid exercise
due to a misconception that physical activity might ex-
acerbate dyspnea. However, our patient benefited from
respiratory physiotherapy, IMT, and exercise interven-
tions.

Inspiratory muscle training has been shown to im-
prove inspiratory muscle strength, reduce dyspnea,
and enhance exercise capacity in patients with various
chronic respiratory diseases, including COPD and in-
terstitial lung diseases (ILDs).!*?! Although evidence
in PAP patients is limited, the physiological principles
underlying IMT suggest it may be beneficial by im-
proving the efficiency of respiratory mechanics and re-
ducing the ventilatory demand during physical activity.

Table 1. Comparison of respiratory parameters, exercise capacity and quality of life before and after treatment.
Variables Pre-treatment Post-treatment A
PIMAX (cmH20) 52 103 51
PEMAX (cmH20) 58 72 14
FEV1 1.37 1.38 1
FEV1% 47 51 4
FvC 158 162 4
FVC% 48 51 3
FEV1/FVC 85 85 -
PEF 156 165 9
PEF % 46 50 4
Exercise capacity (m) 360 432 72
SGRQ total point 75.61 55.35 20.26
SGRQ symptom 92.91 69.36 23.55
SGRQ activity 92.51 60.35 32.16
SGRQ effect 60.56 48.12 12.44
mMRC 3 1 2

A: Change before and after treatment
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The improvement in the 6-minute walk distance
and dyspnea scores in this case is consistent with pre-
vious studies indicating that pulmonary rehabilitation
programs incorporating IMT can lead to clinically
meaningful gains in exercise tolerance and symptom
control.' While pulmonary function test parameters
such as FEV1 and FVC often remain stable or change
minimally after rehabilitation, functional outcomes
and patient-reported measures (e.g., SGRQ) are more
sensitive to improvement.'?

In this case, the addition of trunk stabilization,
breathing control, and postural exercises may have
contributed to improved ventilatory pattern and tho-
racoabdominal coordination, further supporting over-
all respiratory efficiency. The fact that the patient
was able to transition from home-based to outpatient
sessions without requiring supplemental oxygen is a
clinically meaningful outcome, suggesting improved
activity tolerance and self-efficacy. The patient, who
previously required more than 15 hours of oxygen
therapy per day, progressed to using it only at night
while sleeping.

This case supports the inclusion of tailored phys-
iotherapy and IMT strategies within the multidisci-
plinary management of PAP. Future research with
larger samples is needed to establish evidence-based
rehabilitation protocols for this rare population.

In this patient, most of the process had to be carried
out remotely, and the overall outcomes were satisfac-
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FUTURE PERSPECTIVE ON RARE
INTERSTITIAL LUNG DISEASES

NADIR INTERSTISIVEL AKCIGER HASTALIKLARINA
GELECEK PERSPEKTIFI

ABSTRACT

Rare and ultra-rare interstitial lung diseases (ILDs) comprise a heterogeneous group of entities. The di-
agnostic journey for patients with rare ILD is frequently delayed and complex. Assessment of clinical,
radiological, functional and histopathological features in the multidisciplinary expert committee may
be challenging due to complex imaging patterns, non-specific clinical symptoms, or inconclusive bi-
opsies. Furthermore, research advances in these rare diseases remain limited in most cases resulting in
a poor understanding of pathogenesis, natural history and drug-regulation targeting. However, several
emerging trends suggest an optimistic future for patient care and research in this group.

Digital platforms enabling data sharing across international networks can facilitate centralized expert
review, which is essential for ultra-rare conditions. Advances in imaging analytics, including artificial
intelligence (AI)-based interpretation of high-resolution computed tomography (HRCT), promise to
reduce diagnostic delays and enhance accuracy in ultra-rare ILDs. The application of high-throughput
omics technologies (genomics, transcriptomics, proteomics and metabolomics) can transform the di-
agnostic landscape of these rare ILDs. Proper molecular characterization will facilitate and optimize
diagnosis even in early stages of disease, the identification of endotypes and phenotypes, and thera-
peutic decisions. Ultrarare-ILD therapeutic options are frequently off-label or supported by low-level
research evidence. However, precision medicine is slowly transforming the landscape of these ILDs,
targeting pathway-specific origins.

Ultra-rare ILDs are entering a new era of diagnostic and therapeutic precision. The merging of mo-
lecular insights, Al-driven tools, and collaborative networking is improving diagnostic awareness and
certainty and accelerating the translation of science in clinical practice. Patient priorities and access
to care and clinical research remain incompletely addressed.. However, the future holds promise for
achieving these unmet needs and also conducting more individualized, precise and pathogenesis-driv-
en patient care.

Keywords: Interstitial lung diseases; Rare interstitial lung diseases; Future perspectives; Omic
technologies; Molecular biology; Artificial intelligence driven tools

OZET

Nadir ve ultra-nadir interstisyel akciger hastaliklari (IAH), heterojen bir hastalik grubunu olusturur.
Nadir IAH tanisi alan hastalarin tanisal sureci genellikle gecikmeler igermektedir ve karmagiktir. Kli-
nik, radyolojik, fonksiyonel ve histopatolojik bulgularin multidisipliner uzmanlarin olugturdugu kon-
seyler tarafindan degerlendirilmesi; ortiisen goriintiileme paternleri, 6zguil olmayan klinik semptomlar
ya da sonu¢ vermeyen biyopsiler nedeniyle zorlayici olabilir. Ayrica, bu IAH’larla ilgili aragtirmalar
cogu durumda sinirl kalmakta, bazi hastaliklar ise neredeyse hi¢ ¢alisilmamaktadir. Bu durum, patoge-
nez, dogal seyir ve tedavi hedeflerine yonelik diuzenlemeler gibi alanlarda bilgi eksikligine neden ol-
maktadir. Ancak, hasta bakimi ve aragtirma agisindan yakin gelecege dair iyimser beklentiler olugturan
baz1 yeni girisimler ve egilimler mevcuttur.

Uluslararasi aglar araciligiyla veri paylasimini mumkiin kilan dijital platformlar, ultra-nadir hastalik-
larda kritik oneme sahip uzman merkezlerde degerlendirilmeyi kolaylagtirabilir. Yuksek ¢ozunurlukla
bilgisayarli tomografi (YCBT) goruintulerinin yapay zeka tabanli analizlerini iceren goruintileme tek-
nolojilerindeki ilerlemeler, tanidaki gecikmeleri azaltma ve dogrulugu artirma potansiyeli tagimak-
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tadir. Genomik, transkriptomik, proteomik ve metabolomik gibi yuiksek verimli “omik™ teknolojilerin uygulanmasi, nadir IAH larin tanisal
yaklagiminda koklu donuisumler yaratabilir. Uygun molekiiler karakterizasyon; hastaligin erken evrelerinde bile taninin dogrulugunu artiracak,
endotip ve fenotip belirlenmesini saglayacak ve tedavi yanitina gore sekillenen tedavi kararlarini optimize edecektir.

Ultra-nadir IAH lardaki tedavi secenekleri genellikle sinirlidir, cogunlukla endikasyon disi kullanima dayanir ve dusuk duzeyde aragtirma ve-
rileriyle desteklenmektedir. Bununla birlikte, kisiye 0zel tip, bu hastalik grubunda tedavi yaklagimlarini yavas yavas donusturmekte; ozellikle
yolak-spesifik kokeni hedefleyen vakalarda akciger hasarini kismen veya tamamen tersine ¢evirebilecek en ileri tedavi olanaklarini sunmaktadir.
Ultra-nadir IAH’larin tan1 ve tedavide yeni bir hassasiyet cagina girmekte oldugunu soyleyebiliriz. Molekiler bilgiler, yapay zeka destekli
araclar ve i birligine dayali aglarin birlesimi, tanisal farkindalik ve dogrulugu artirmakta ve bilimin klinik uygulamaya aktarimini hizlandir-
maktadir. Bununla birlikte, 0zellikle adil saglik hizmetine erigim ve klinik ¢aligmalarin yapilabilmesi agisindan onemli zorluklar ve hastalarin
kargilanmamug ihtiyaglart devam etmektedir. Ancak gelecek, bu eksiklerin giderilmesi ve daha bireysellestirilmis, hassas ve biyolojik temelli
yaklagimlarin saglanmasi ag¢isindan umut vadetmektedir.

Anahtar Kelimeler: Interstisyel akciger hastaliklar1; Nadir interstisyel akciger hastaliklari; Gelecek perspektifi; Omik teknolojiler; Molekiiler
biyoloji; Yapay zeka destekli araglar

INTRODUCTON conditions.?? Fu'rthermore?, er'nerging technol9gies
are complementing classic diagnostic strategies.’*
Advances in imaging analytics, including artificial in-
telligence (AI)-based interpretation of high-resolution

Rare and ultra-rare interstitial lung diseases (ILDs)
comprise a heterogeneous group of entities including
cystic lung diseases, such as lymphangioleiomyoma-
tosis (LAM) and Birt-Hogg-Dubé (BHD), and other
well-defined ILDs, for instance pleuroparenchymal fi-
broelastosis (PPFE), inherited ILDs, pulmonary alve-
olar proteinosis (PAP), eosinophilic pneumonias and

computed tomography (HRCT), promise to reduce
diagnostic delays and enhance accuracy in ultra-ra-
re ILDs.*® Machine learning models trained on large
imaging datasets are being developed to differentiate
radiologic patterns and ILDs, which will be a great
alveolar microlithiasis. These ILDs share challenges advance in countries or regions which lack an expert
ILD radiologist.® Similarly, the integration of digital

pathology and Al-assisted histological interpretation

for early diagnosis, prognostic stratification, and treat-
ment due to the ultra-low prevalence, clinical hetero-

geneity and limited therapeutic options. may further improve diagnostic precision, especially

Furthermore, research advances in these ILDs re- in centers lacking specialized expertise.” Furthermore,
main limited in most cases and as a group they are the extraction of high-dimensional features from med-
completely under-researched, which results in a poor ical images (radiomics) will help to reflect underlying
understanding of pathogenesis, natural history and tissue pathology, and assist in diagnosing disease in
drug-regulation targeting. However, several emerging carly stages and subclinical phenotypes. 51!

actions and trends suggest an optimistic near future for
patient care and research in these entities. In this book,
the future perspectives on each topic have been also

On the other hand, the application of high-through-
put omics technologies (genomics, transcriptomics,
proteomics and metabolomics) can transform the di-
agnostic landscape of these rare ILDs.!>!® The proper
molecular characterization with these sophisticated

discussed specifically to the relevant disease.

DIAGNOSTIC ADVANCES analyses will facilitate and optimize diagnosis even in
The diagnostic journey for patients with rare ILD is early stages of disease, including the identification of
frequently delayed and complex.' Assessment of clini- endotypes and phenotypes, and therapeutic decision
cal, radiological, functional and histopathological fea- making based on predictive modeling."* Currently,
tures on review by the multidisciplinary expert com- only a few specific genetic fibrotic ILDs have been
mittee may be challenging due to overlapping imaging recognized, but surfactant protein genes and telomer-
patterns, non-specific clinical symptoms, or inconclu- ase dysfunction has led to implications for both prog-
sive biopsies.'? Furthermore, the rapid identification nosis and family counseling.'>!® Identification of SFT-
of some ultra-rare ILDs requires previous training and PC, ABCA3, NKX2-1, CSF2RA/B and some telomere
experience..'? Digital platforms enabling data sharing related (TR) pathogenic gene variants provides both
across international networks can facilitate central- diagnostic and prognostic insights in children and
ized expert review, which is essential for ultra-rare young adults.”'>!” Advances in genomic diagnostics,
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including whole-exome (WES) and whole genome
sequencing (WGS), have facilitated earlier and more
accurate detection of pathogenic variants, shifting the
paradigm from phenotype-based diagnosis to geno-
type-driven classification and individualized disease
monitoring and therapies.!>!® Finally, liquid biopsy
approaches, such as the analysis of cell-free DNA,
exosomal RNA, or blood biomarkers, are being de-
veloped to create less invasive diagnostic tools and
predictors of diseases progression.'

PATIENT STRATIFICATION AND MONITORING

The collaborative worldwide network on rare ILDs,
including registries (eurILD, PAP Registry, LAM
Foundation Registry), genetics (DNA worldwide con-
sortium, Team Telomere, Genetic and Rare Diseases
Information Center (GARD), Online Mendelian Inher-
itance In Man (OMIM)) and other multicenter transla-
tional studies provide a mechanism for patient differ-
entiation, stratification and natural history modeling
for prognostic prediction and optimization of thera-
peutic approaches.?’?! However, only some advances
in blood biomarkers have been clinically validated and
translated in clinical practice such as the use of serum
vascular endothelial growth factor-D (VEGF-D) as a
diagnostic and prognostic biomarker.??? and telomere
length measurement (telomere shortening) for as a
screening tool for genetic ILDs.** Currently there are
several studies ongoing trying to validate other bio-
markers for different ultra-rare ILDs to improve the
precision monitoring and predicting the best therapeu-
tic approach. These studies will support longitudinal
tracking of pulmonary function decline, disease activ-
ity and treatment response, and understanding pheno-
types at higher risk of rapid progression to guide early
intervention.”® Finally, advances in home monitoring
devices and wearable technologies may also become
useful for future monitoring strategies, especially in
low-access or under-resourced populations, and re-
duce the burden of in-hospital complementary tests in
working-active patients.?’

FUTURE TREATMENT ADVANCES

Ultrarare-ILD therapeutic options are usually limited,
frequently off-label or supported by low-level evi-
dence. However, precision medicine is slowly trans-
forming the landscape of these ILDs, especially in
cases targeting pathway-specific origins, and exempli-

fied by the remarkable advances in disease-modifying
treatment provided below.??

1. Granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) replacement therapy (inhaled or
subcutaneous) for autoimmune PAP represents an
excellent example of precision targeting-therapy
that reverses pulmonary changes and improves
the clinical state of these patients.”>*® The anti-
GM-CSF antibody titration has become part of
the diagnostic algorithm.’!** After the success of
the phase-II IMPALA clinical trial, IMPALA-2
is a global, pivotal, phase 3, randomized, doble-
blind, placebo-controlled clinical trial to compare
the efficacy and safety of molgramostim 300 mcg
self-administered once daily in patients with aPAP,
which has been recently closed, and the prelimi-
nary results have been presented in the ATS Con-
gress 2025.% Molgramostim reduced the ground-
glass opacity scores at 24 weeks (p=0.0004) and
showed statistically significant benefit on quality
of life at week 24 (HRQoL, p=0.0084) and less
breathing problems assessed by PGIS at both
weeks 24 (p=0.035) and 48 (0.0049).>* Further-
more, fewer patients required rescue whole lung
lavages (WLL) in molgramostim group compared
with placebo.* The complete results of this recent
clinical trial (NCT04544293) will be published in
the near future, and hopefully will support the ap-
proval of this therapy by government agencies..

2. Olipudase alfa is a recombinant human acid sphin-
gomyelinase designed to replace the enzyme
dysfunction in patients with acid sphingomye-
linase deficiency (ASMD or previously known
as Niemann-Pick disease).* It is the first therapy
that replaces the underlying enzymatic defect in
non-central nervous system ASMD, including the
associated ILD.* Olipudase alfa is administered
intravenously every two weeks through a gradual
dose-escalation schedule up to 3mg/kg. The pivot-
al randomized phase 2/3 ASCEND trial included
36 adults with non-central nervous system ASMD
showed an improvement of DLCO (+22% vs +3%,
p=0.0004) with a favorable safety profile.*

3. Sirolimus, an mTOR inhibitor that reduces LAM
cell proliferation, was approved as a first-line treat-
ment for LAM patients with or without tuberous
sclerosis after demonstrating its ability to stabilize
pulmonary function and reduce angiomyolipoma
size in the MILES clinical trial.’” New clinical tri-
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als are exploring combination regimens targeting
other involved pathways looking for synergistic
effects and induction of disease remission.?

Other therapeutic advances that are currently being
explored include immunomodulation for monogenic
autoinflammatory or autoimmune ILDs, such as JAK-
STAT pathway therapies (ruxolitinib and baricitinib),
statins, HDAC inhibitors, or anti-integrin therapies.*!
Gene-based strategies under investigation include an-
tisense oligonucleotides (ASOs), RNA interference
(RNAi), and CRISPR/Cas-mediated gene editing to
correct or silence pathogenic mutations.*** Preclin-
ical studies employing gene editing (CRISPR-Cas9
correction of SFTPC pathogenic gene variants) and
clinical trials with molecules that try to address the
downstream consequences of telomere dysfunction are
underway.** Telomerase activators, such as danazol,
senolytics (navitoclax) and regulators of mitochon-
drial function and autophagy are under evaluation.**
Finally, the search for a future regenerative and cura-
tive treatments will include cell therapy using mesen-
chymal stem cells and alveolar epithelial progenitors.
However, due to the complexity and heterogeneity of
human cells involved in the homeostasis of the lung
and the multiple factors that influence their differenti-
ation and function, cell therapy will require extensive
safety testing before translation in clinical practice.
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