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Optimal  testosterone  level  to  improve  symptoms  of  hypogonadism
without  causing  dopa-testotoxicosis  in  male  macroprolactinoma

Quel taux de testostérone pour améliorer les symptômes de l’hypogonadisme sans
induire  une dopa-testotoxicose en cas de macroprolactinome masculin?
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Background.  –  Male  prolactinoma  treatment  by  dopamine  agonists  (DA)  restores  sexual  function.  How-
ever, excessive  DA dose  can  lead to impulse  control  disorder.
Objectives.  – The  aim of  this  retrospective  study  was  to  determine  the  level  of  testosterone  that  eliminates
symptoms  and  provides  fertility  in  male  macroprolactinoma,  without  causing  these  adverse  effects.
Materials  and  methods.  – Twenty-seven  male  patients  with macroprolactinoma  were  included.  There
were  16  macro  (≥ 1–2.8  cm), 7 large  macro  (≥ 2.9–3.9  cm)  and  4 giant  (≥ 4 cm)  adenomas.  Prolactin  (PRL)
and  testosterone  (T)  levels  were  evaluated.  A timeline  was  created  to  analyze  improvement  in symptoms
of hypogonadism  and  infertility.  Testosterone  levels  were  compared  with  age-matched  controls.
Results.  –  Mean  PRL,  basal  tumor  diameter  and  shrinkage  were  2846  ± 3415  ng/mL,  27.2  ±  10.2  mm
and  63.4%,  respectively.  Basal  T levels  were  1.6  ± 1.0  ng/mL  for patients  and  4.4  ± 1.5  ng/mL  for  con-
trols  (P  <  0.001).  Mean  T level  in  the  asymptomatic  period  was  significantly  lower  than  in controls
(3.2  ± 0.4 ng/mL  vs. 4.4  ± 1.5 ng/mL,  respectively;  P =  0.002),  while  mean  PRL  was  27.2  ng/mL.  Fertility  was
achieved  in  6  of the  patients  seeking  fertility,  and  there  was  no  difference  in T  level  between  these  patients
and  controls  (3.7  ±  0.8 ng/mL  and  4.4  ±  1.5 ng/mL,  respectively;  P = 0.14);  when  fertility  was  achieved,
mean  PRL  was  26.9  ± 23  ng/mL.
Conclusion.  –  Patients  should  be  carefully  questioned  regarding  complaints  at each  consultation,  and  DA
dose should  not  be  increased  unnecessarily,  to avoid  possible  serious  adverse  effects.

©  2021  Published  by  Elsevier  Masson  SAS.
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r  é  s  u  m  é

Contexte.  –  Les  agonistes  dopaminergiques  (AD)  permettent  une récupération  des  fonctions  sexuelles  en
cas de  prolactinome  masculin,  mais  le  surdosage  risque  d’induire  des  troubles  du  contrôle  des  impulsions.
Objectifs.  – L’objectif  de  cette étude  rétrospective  était  de  déterminer  le  taux  de  testostérone  qui sup-
Fertilité
Agoniste dopaminergique
Dopa-testotoxicose

primerait  les  symptômes  et  assurerait  la  fertilité  en  cas  de  macroprolactinome  masculin,  sans  induire  ces
effets secondaires  néfastes.
Matériels  et  méthodes.  –  Vingt-sept  hommes  présentant  des  macroprolactinomes  étaient  inclus  dans
l’étude,  avec  16  macro-adénomes  (≥ 1–2,8  cm),  7  grands  macro-adénomes  (≥ 2,9–3,9  cm)  et  4 adénomes
géants  (≥  4 cm). Les  taux  de  prolactine  (PRL)  et de  testostérone  (T)  ont  été  mesurés.  Une  chronologie  a

 l’amélioration  des  symptômes  de l’hypogonadisme  et  de  l’infertilité.  Les  taux
été  établie  pour  analyser

de testostérone  ont  été  comparés  à ceux  de  sujets  témoins  appariés  pour  l’âge.
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Résultats.  – Les  valeurs  moyennes  de  la  PRL,  du  diamètre  initial  de  la  diminution  du  volume  tumoral
étaient  de  2846  ± 3415  ng/mL,  de  27,2  ± 10,2 mm  et de  63,4  %, respectivement.  Le taux  moyen  initial  de
testostérone  était  de  1,6  ±  1,0  ng/mL  pour  les  patients  et  de 4,4 ±  1,5  ng/mL  pour  les  témoins  (p <  0,001).
Le taux  moyen  de  testostérone  des  patients  en  phase  asymptomatique  était  statistiquement  inférieur  à
celui  des  sujets  témoins  (3,2  ±  0,4  ng/mL  vs 4,4  ±  1,5 ng/mL,  respectivement;  p = 0,002),  alors  que  le taux
moyen  en  PRL  était  de  27,2  ng/mL.  La  fertilité  a été  restaurée  pour  6  patients  parmi  ceux  qui  faisaient
état  de cette demande,  sans  différence  significative  entre  ces  patients  et  les  sujets  témoins  en termes  de
concentration  en  testostérone  (3,7 ± 0,8  ng/mL  et  4,4 ±  1,5 ng/mL,  respectivement;  p  = 0,14),  et avec  un
taux moyen  de  PRL de  26,9  ± 23  ng/mL.
Conclusion.  – Lors  de  chaque  visite,  un  interrogatoire  détaillé  doit  recenser  les  symptômes,  et  il faut  éviter
d’augmenter  inutilement  le dosage  en  AD,  pour  éviter  tout  effet  secondaire  potentiellement  grave.
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1. Introduction

Prolactinomas are the most common secretory pituitary tumors.
Microprolactinomas are more prevalent in women whereas macro-
prolactinomas are more common in males accounting for 82.6%
and 14.1% of these cases were giant adenomas [1]. Therefore, the
clinical findings of prolactinoma vary with gender. Most male
patients complain of decreased gonadal function can present itself
in the form of impotence, oligospermia, erectile dysfunction and
infertility [2–4]. The course of prolactinoma is longer in males
and the tumors tend to be larger. Thus, tumor mass effects can
cause visual field defects, decreased vision, headaches and can
even be life threatening due to pituitary apoplexy [5–7]. However,
it is well known that the majority of prolactinomas respond to
dopamine agonists (DA) with a rapid lowering of prolactin (PRL)
levels, and this treatment can restore fertility. In addition to this
effect, bromocriptine (BRC) and cabergoline (CAB) are capable of
inducing significant tumor shrinkage within the first three months
of therapy in 80–90% of the patients [5,8–10]. In the past BRC was
effective in most male patients with macroprolactinoma to nor-
malize PRL levels and to reduce tumor size, but nowadays CAB is
often first choice [11]. Even in patients with macroadenomas it is
expected to respond satisfactorily to lower doses of DA within 6
months of treatment [12]. On the other hand, in the literature show-
ing that the use of high doses of DA in the treatment of Parkinson’s
disease leads to impulsive control disorders (ICDs; hypersexual-
ity, pathological gambling, compulsive shopping and eating) as
an undesirable side effect [13]. Recently, ICDs have begun to be
observed in prolactinomas with much lower doses [14,15]. Hyper-
sexuality, which is a serious component of the ICD, has been called
“dopa-testoxicosis”, which occurs as a result of rapid correction
of hypogonadism with DA, even if the T value is within the nor-
mal  range [14]. Considering this serious side effect, patients with
prolactinomas should be questioned carefully about their sexual
functions during DA treatment. When gonadal function returns to
normal, patients often stop complaining of their hypogonadotropic
symptoms. At this point, the measured PRL level may  not have
fallen below the expected upper normal limit. When such a slightly
elevated PRL level is encountered, it should be kept in mind that
macroprolactin may  be included in the measurement of PRL [16,17].
Therefore, in patients who are asymptomatic under treatment,
DA dose should not be increased for mild PRL elevations, taking
into account the possible serious side effects of the drug. To our
knowledge, there are no studies to describe the T threshold levels
at which hypogonadism improve under DA treatment. Therefore,
our aim was to determine the optimal T level in male macropro-

lactinomas when hypogonadism symptoms disappear and fertility
was achieved, regardless of the PRL level, also to avoid possi-
ble serious side effects of DA by preventing unnecessary dose
increase.
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. Material and methods

.1. Ethics

Ethics Board approval was  obtained from Istanbul University
thics Committee (rule number: 21680). Rules of Helsinki Decla-
ation were followed and because the study’s retrospective nature
atient consent was  not needed.

.2. Subjects

This is a single-center retrospective study of male patients with
acroprolactinoma who were followed up from pituitary outpa-

ient clinic of Istanbul University Hospital between 2000–2020. All
atients suffered from reduced libido and decreased potency, and
ome of them infertility.

.3. Inclusion/exclusion criteria

Only patients with macroprolactinoma under 65 years of age
nd with a follow-up period of at least 12 months after DA
ithdrawal were included to the study. Patients with T replace-
ent therapy and treatment other than DA (such as radiotherapy,

urgery) were excluded. Patients who have children prior to diag-
osis were excluded from fertility statistical analysis. Control group
onsisted of age matched subjects who  applied to our general
nternal medicine out-patient clinic with complaints other than
ypogonadism and infertility and without disease and/or medica-
ion which may  interfere with gonad function and/or fertility.

.4. Diagnosis and follow-up

Prolactinoma diagnosis was  made in compliance with prolacti-
oma guidelines [5]. Diagnosis of macroadenoma was made with
erum PRL level > 200 ng/mL, and with the presence of pituitary
denoma on magnetic resonance imaging (MRI) with the largest
imension > 1 cm.  Large macroadenoma was defined an adenoma
ith a dimension > 2.9 cm [10]. The definition of giant adenomas

n the literature has not always been homogeneous, but in the
ost published series, the definition used was that pituitary adeno-
as  with maximum diameter measured 40 mm or more [18–20].

 diagnosis of hypogonadotropic hypogonadism was  based on at
east two measurements of low T (non-fasting) with inappropri-
tely low levels of gonadotropins and symptoms of T deficiency.
his approach agrees with the current guidelines and reflects that
here is no consensus on strict criteria to make a diagnosis of

ypogonadotropic hypogonadism [21]. In a recent guideline, cen-
ral hypogonadism in males was  based on manifests with low
erum T levels and features of T deficiency, and/or impaired sper-
atogenesis [22].
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Each patient was followed up every 3–6 months after starting DA
therapy, as necessary, and at longer intervals thereafter. A timeline
was created to analyze the progress regarding symptoms of hypog-
onadism and infertility. Answers of the patients to the inquiries
regarding their hypogonadism symptoms and fertility at each visit
were assessed. PRL levels and DA doses were recorded when fertil-
ity was achieved and when hypogonadism symptoms improved. T
levels of the patients when fertility and eugonadism were achieved
were compared to age matched controls. After diagnosis, first sellar
MRI  was performed at 3 months after onset of DA treatment, and
then as required according to the patient’s clinical response. Remis-
sion was considered when normoprolactinemia was achieved and if
it maintained for > 1 year without therapy or radiological evidence
of pituitary tumor [23].

2.5. Biochemical evaluation

From patient medical records PRL, LH, FSH, T and other relevant
laboratory data were investigated. Serum PRL, follicle stimulating
hormone (FSH), luteinizing hormone (LH), total testosterone (T),
free thyroxine (fT4), thyroid stimulated hormone (TSH) and basal
cortisol levels were measured between 08:00 and 09:00 in the
morning following a night fast. Serum PRL levels were measured
by using an electrochemiluminescence immunoassay (Elecsys
Prolactin II, Roche Diagnostics, Indianapolis, IN, USA), and refer-
ence levels for men  was 4.04–15.2 ng/mL. Total testosterone was
determined by electrochemiluminescence immunoassay (Elecsys
Testosterone II, Roche Diagnostics, Indianapolis, IN, USA), and ref-
erence levels ranged from 2.8–8.0 ng/mL in men. FSH was measured
with (Elecsys FSH, Roche Diagnostics, Indianapolis, IN, USA), and
normal range was 1.5–12.4 mIU/mL. LH was assessed with (Elecsys
LH, Roche Diagnostics, Indianapolis, IN, USA), and normal range
was 1.7–8.6 mIU/mL. Serum free T4 level below the laboratory
reference range in conjunction with a low, normal, or mildly ele-
vated TSH usually confirms central hypothyroidism. Reference
for free T4 and TSH in our laboratory were 12–22 pmol/L and
0.27–4.2 mIU/L, respectively. Baseline morning cortisol level under
3 �g/dL is indicative of secondary adrenal insufficiency.

2.6. Statistical analysis

Statistical analysis was performed using the SPSS
software version 16. Normality of the variables were
tested using visual (histogram) and analytic methods
(Kolmogorov–Smirnov/Shapiro–Wilk’s test) to determine whether
they are normally distributed. Student t-test and Mann–Whitney
U test were conducted to compare parameters among groups. Chi2

was used to compare categorical variables. An overall 5% type-I
error level was  used to infer statistical significance. A ROC curve
was performed to establish cut-off values.

3. Results

Twenty-seven male patients with macroprolactinoma and 33
controls were included in this study, and mean age of the patients
was 38.8 ± 11.8 and 41.6 ± 10.2 for controls (P = 0.34). All patients
suffered from sexual dysfunction. The mean age at which patients’
hypogonadotropic symptoms began was reported to be 34.8 ± 10.2
years. Therefore, an average of 4.3 years in delay of diagno-
sis for etiology of hypogonadism was observed. At presentation,
mean PRL level and tumor diameter were 2846 ± 3415 ng/mL
and 27.2 ± 10.2 mm,  respectively. Baseline T levels of the patients

were significantly lower than control group [(1.6 ± 1.0 ng/mL and
4.4 ± 1.5 ng/mL, respectively) (P < 0.001)]. There were 3 patients
with macroprolactinomas and one giant adenoma with borderline
and normal pre-treatment T levels (between 2.9 to 3.75 ng/mL).
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ean initial dose of BRC and CAB treatments were 3.7 ± 1.8 mg
aily and 0.6 ± 0.2 mg  weekly, respectively. We  classified adeno-
as  as 16 macroadenomas (≥ 1–2.8 cm), 7 large macroadenomas

≥ 2.9–3.9 cm)  and 4 giant adenomas (≥ 4 cm). According to ade-
oma classification, demographic, biochemical and radiological
ndings of the patients are summarized in Table 1. The mean T

evel of the patients under treatment when they are asymptomatic
s significantly lower than the control group (3.2 ± 0.4 ng/mL and
.4 ± 1.5 ng/mL, respectively, P = 0.002), while the PRL value at this
ime was  slightly above the upper limit of normal as 27.2 ng/mL.

Among the patients, fertility was  achieved in six patients who
esired fertility, and characteristics of these patient were summa-
ized on Table 2. Mean T level of the patients at the time of fertility
as  statistically not different from the controls (3.7 ± 0.8 ng/mL vs.

.4 ± 1.5 ng/mL, respectively, P = 0.14). When fertility was achieved
ean PRL level was  26.9 ± 23 ng/mL. Additionally, the highest mean

 levels of the patients under DA therapy was not significantly
ifferent from controls (4.9 ± 1.6 ng/mL vs. 4.4 ± 1.5 ng/mL, respec-
ively, P = 0.14), and mean PRL level accompanying these T levels
as  12.1 ± 15.2 ng/mL. The mean maximum BRC and CAB doses
ere 11.1 ± 5.1 mg/day and 1.7 ± 0.6 mg/week, respectively. PRL

evels in patients whose symptoms disappeared, who  became fer-
ile under treatment and the maximal T levels achieved by the
reatment are shown on Fig. 1 with corresponding PRL levels.

However, in three of these patients, ICD occurred when T lev-
ls approached the upper limit of the normal range (as 7 ng/mL,
.8 ng/mL, and 8.0 ng/mL) with optimal CAB doses (1.5, 1.5 and
.5 mg/week, respectively). This drug side effect appeared as hyper-
exuality in two patients, and hypersexuality and compulsive
hopping in one. These patients were included in the multicenter
A-derived ICD study which is recently published [15].

The mean follow-up period of the patients was  8.3 ± 4.8
ears. In this time, five patients (18.5%) had central hypothy-
oidism and one (3.7%) both central hypothyroidism and partial
ypocortisolism.

There were seven patients (25.9%) in remission; one patient
ith macroadenoma (14%), four patients with large macroadenoma

57%), and two patients with giant adenoma (29%). Characteristics
f patients in remission are presented in Table 3. Age was not statis-
ically different between groups in remission and non-remission.

ean duration of DA therapy before drug withdrawal was  7.9 ± 5.2
ears, and mean duration of remission was  3.2 ± 4.3 years. At the
ast control, tumors have shrunk by a mean of 63.4%. Patients in
emission had higher baseline PRL levels and longer duration of DA
han non-remission patients (1865 vs. 864, P = 0.046, and 9 years vs.

 years, P = 0.041, retrospectively). Patients in remission had more
umor shrinkage and had large macroadenoma at admission than
ho  were not in remission (79.8% vs. 57.6%, P = 0.047, and 32.4 ± 4.7

s. 25.4 ± 11.1, P = 0.032, retrospectively). A ROC curve showed that
0.5% of tumor shrinkage predicted remission with 85% sensitiv-

ty and 65% specificity (P = 0.043), (AUC: 0.76 [95% CI: 0.58–0.93],
ig. 2).

. Discussion

The characteristics of male prolactinomas are elevated PRL and
 suppressed serum T accompanied with symptoms of hypogo-
adism [2,3]. In our study, all patients complained from symptoms
f hypogonadism at presentation. Despite the definition of hypog-
nadism in the guidelines, the lower limit of the normal T value
300 ng/dL) was  given as the threshold for diagnosis of low T levels,

ut the applicability of this threshold to every human being has
ot been clearly established [21,22]. Although T threshold value
ttributable to the diagnosis of hypogonadism was  reported as 250
o 300 ng/dL by the American Urological Association as a result of
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Table  1
The characteristics of the patients at presentation and at the last visit according to the size of the adenomas.

Macroadenoma
n = 16

Large adenoma
n  = 7

Giant adenoma
n = 4

Age (years) 36.1 ± 9.2 44.0 ± 14.4 40.5 ± 16.2
Baseline maximum tumor
diameter (mm)

20.7 ± 6.2 32.2 ± 3.0 44.2 ± 5.8

Baseline PRL level (ng/mL) 1589.6 ± 2533.3 2849.2 ± 2567.0 7872.0 ± 3702.0
Baseline T level (ng/mL) 1.9 ± 0.8 0.8 ± 0.8 1.5 ± 1.5
Baseline LH level (mIU/mL) 2.7 ± 1.7 2.0 ± 1.5 1.3 ± 0.7
Baseline FSH level (mIU/mL) 3.3 ± 2.2 2.0 ± 1.1 2.1 ± 1.5
Initial DA dose (mean ± StD)
CAB (mg/wk)
BRC (mg/daily

0.7 ± 0.3
3.1 ± 1.2

0.6 ± 0.3
2.5 ± 0.0

0.7 ± 0.3
6.2 ± 1.7

At  last control
Case number (%)
Other pituitary dysfunction

2 (12%)
Central hypothyroidism

1 (14%)
Central hypothyroidism

3a (75%)
Central hypothyroidism

PRL: prolactin; T: total testosterone; LH: luteinizing hormone; FSH: follicle stimulating hormone; DA: dopamine agonist; BRC: bromocriptine; CAB: cabergoline.
a Additional partial hypocortisolism was observed in one patient.

Table 2
Characteristics of fertile patients.

Case No. Age (years) Baseline PRL
level (ng/mL)

Baseline Tumor
size (mm)

Tumor
reduction
percentage (%)

Fertile PRL
level (ng/mL)

Fertile T level
(ng/mL)

Other pituitary
dysfunctions at last control
and ICD*

1 37.0 259 40.0 75.0 72.0 3.0 No
2  27.0 286 11.0 65.0 31.0 3.0 No
3  22.0 934 31.0 70.0 25.0 3.2 Hypersexuality and

compulsive shoppinga

4 24.0 4700 40.0 30.0 18.0 4.1 Central hypothyroidism
and partial hypocortisolism

5  43.0 7629 38.0 73.0 8.0 3.7 Hypersexualitya

6 27.0 470 20.0 60.0 7.7 5.3 Central hypothyroidism

PRL: prolactin; T: total testosterone; ICD: impulse control disorders.
a These patients are reported with more detail [15].
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Fig. 1. Demonstration of patients’ simultaneous T and PRL levels at admission an
prolactin; T: total testosterone.

a large-scale population study regardless of age, there is no con-
sensus on the biochemical T threshold for the definitive diagnosis
of hypogonadism [21]. In this study, the mean T level at presen-
tation (1.6 ng/mL; 160 ng/dL) was below the T threshold defined
as hypogonadism. On the other hand, clinical hypogonadism with
normal baseline T was also reported to be more common in patients
with small and non-invasive prolactinomas [24]. Our study demon-
strated that about 15% of men  (three macroprolactinomas and one

giant prolactinoma) presented with borderline and normal pre-
treatment T levels (between 2.9 to 3.75 ng/mL). This finding has
been previously reported in some studies, and it was  explained by

t
h
t

12
n the patients were asymptomatic and fertile; and with maximum T levels. PRL:

ack of damage in the gonadotroph cell population. Also, it was sug-
ested that patients harboring prolactinomas may retain an intact
ituitary-gonadal hormonal axis, stimulating more T production,
oth before treatment initiation and while on DA [23,24]. Inter-
stingly, we also observed that pre-treatment normal T levels of
hese patients increased further within the normal range with clin-
cal improvement under treatment. Therefore, it is difficult to say
recisely which low T level triggers hypogonadism symptoms due

o the delays in diagnosis, but we  can say that improvement in
ypogonadism symptoms and infertility when mean T levels rise
o 320 ng/mL and 370 ng/mL, respectively.
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Table  3
Characteristics of patients in remission.

Case No. Age at
diagnosis
(years)

Baseline
PRL level
(ng/mL)

Baseline
maximal
tumor
diameter
(mm)

Tumor
shrinkage
percentage
(%)

Total DA
treatment
duration
(years)

Max  DA
dose

Remission
duration
(years)

Last PRL
level
(ng/mL)

Last T level
(ng/mL)

Other pituitary
hormone
deficiency at last
control

1 47.0 1198 35.0 75.0 3.5 7.50* 3.0 1.1 4.90 No
2  59.0 1478 30.0 85.0 4.5 0.75** 1.0 3.1 3.60 No
3  60.0 1865 30.0 73.0 5.0 15.00* 13.0 4.8 3.34 No
4  28.0 1577 30.0 95.0 7.0 1.00* 1.0 28.0 5.50 No
5  49.0 5264 32.0 65.0 8.0 2.00** 2.0 15.0 3.10 Central

hypo-thyroidism
6  26.0 10000 28.0 71.0 8.5 1.50** 1.5 44.0 5.00 No
7  38.0 10385 42.0 95.0 19.0 15.00* 1.0 14.4 3.75 Central

hypo-thyroidism

PRL: prolactin; T: total testosterone; DA: dopamin agonist; *: bromocriptine (mg/daily); **: cabergoline (mg/wk).

at 70.
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Fig. 2. ROC curve for tumor shrinkage that predicts remission. ROC curve showed th
(P  = 0.043), (AUC: 0.76 (95% CI: 0.58–0.93).

In most of the male patients with prolactinoma, treatment with
DA is effective to decrease PRL levels to normal and to reduce tumor
size [11,23,25,26]. In a recent review of 12 published studies involv-
ing 309 patients with macroprolactinomas, PRL returned to normal
in 80% of cases, and tumor decreased significantly in 87% with CAB
treatment in 191 male prolactinomas [27]. In our country, BRC is
the first DA approved for use in prolactinoma, therefore previously
it has been prescribed more frequently than CAB. In this study, nor-
malization of PRL was 84.6% and the mean tumor shrinkage was 63%
after treatment with DA for an average of 8 years. In another recent
study showed that in only 62% of the patients with macroprolacti-
nomas achieved a ≥ 50% reduction in maximum tumor diameter
after 1 and 2 years of DA treatment [12]. However, in our study,
tumor shrinkage of 50% or more was detected in 70% of the patients
at the last control.

It has been reported that PRL and T levels under treatment in
men  with giant prolactinomas return to normal by 60–68% and
40–67%, respectively [28,29]. While PRL level normalization was

75% in our four patients with giant prolactinomas, T levels returned
to normal in all (100%). Colao et al. [26] reported that T levels
normalized in 25 (60.9%) patients with macroprolactinoma and

r
w
s

13
5% of tumor shrinkage predicted remission with 85% sensitivity and 65% specificity

perm volume and sperm count was normalized in all patients
ho  had normal T levels. In this study, while the mean T lev-

ls of fertile patients was 370 ng/dL, PRL levels in three of these
atients were slightly above normal. Unfortunately, we did not
ave the opportunity to perform semen analysis. Macroprolactin
easurements were also not available in this retrospective study.
s stated in the guideline, in some patients when gonadal func-

ion is normalized, PRL levels may  remain above the upper limit
f normal [30]. Providing fertilization before the PRL level returns
o normal under treatment in our patients may depend on the
oexistence of pituitary adenoma and macroprolactinemia or the
roduction of macroprolactin by the pituitary tumor, as stated in
he literature [16,17]. On the other hand, it is well known that
ncreasing DA doses to normalize PRL levels is not as innocent
s once suggested. Treatment with DA has been associated with
europsychiatric side effects such as impulse control disorders
e.g. pathological gambling, compulsive shopping, hypersexuality
nd binge eating). These serious side effects have been mainly

eported in patients with Parkinson’s disease, who are being treated
ith higher doses of DA [31]. However, recently, a multi-center

tudy conducted in our country, we found an increased ICD risk in
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prolactinoma patients as a serious side effect of DA treatment, and
hypersexuality (6.5%) was the most common component of ICD
in male prolactinomas [15]. In our study when gonadal function
improved and fertilization was achieved under treatment, there
was no increase in DA doses to decrease mild PRL elevation. Surpris-
ingly, ICD occurred in our three patients who were included to the
aforementioned multi-center study. In one patient T level increased
from 1.0 ng/mL to 7.0 ng/mL with CAB 1.5 mg  per week, in another
from 1.6 ng/mL to 8.0 ng/mL with CAB 2.5 mg  per week and in the
last one with CAB 1.5 mg  per week, T level increased from 1.0 ng/mL
to 7.8 ng/mL. It seems that patients developed hypersexuality when
T values were closer to the upper limit of normal even with the
optimal doses of CAB. This side effect, a distinct drug toxicity has
been described as “Dopa-testotoxicosis” in the literature [14,32].
Previously, Carter et al. [33] have reported that male prolactinoma
patients with T levels less than 4 ng/mL may  be clinically asymp-
tomatic. Similar to above study, our macroprolactinoma patients
whose mean T level was 3.7 ng/mL with treatment became asymp-
tomatic and fertile. Additionally, the Massachusetts Male Aging
Study has shown that in healthy men, serum T reaches the highest
levels at around the age of 30 years with a gradual decline thereafter
at a rate of 1–2% annually [34].

On the other hand, it has been reported that the large adenomas
(10–82 mm)  showed a strong correlation with central hypothy-
roidism following treatment, but persistent hypogonadism did not
develop in these patients [35]. Similarly, in the present study,
central hypothyroidism developed in six patients during follow-
up, and one of them also had partial hypocortisolemia, but none
of them developed persistent hypogonadism following DA treat-
ment. Our result highlights the potential reversibility of gonadal
function even in patients with giant prolactinomas, as reported
by Tirosh et al. Conversely, a recent study reported that higher
baseline tumor size and serum PRL levels predicted persistent
hypogonadotrophic hypogonadism (73%) in men  with macropro-
lactinoma who achieved normal PRL levels with CAB monotherapy.
They noted that in patients with larger tumors with presumably
longstanding disease, the delay between normalization of PRL and
hypothalamic-pituitary-gonadal (HPG) axis recovery may  be more
extended (> 2 years), which may  explain poor HPG axis recovery
[36]. On the contrary, in our study, HPG axis improved in all patients
with macroadenoma, despite a 4-year delay in diagnosis.

In the literature, the remission rate has been reported between
16–46.9% in macroprolactinomas [30,37,38]. In this study, the
remission rate after discontinuation of DA between 12–156 months
was 25.9%, while this rate was found as 36% after a drug-free period
of 5–50 months in our previous study [39]. The difference between
our remission rates may  be related to the fact that the average dura-
tion of DA treatment in this study was longer than in our previous
study (42–228 and 39–192 months, respectively). However, our
new remission rate is also compatible with the literature.

Due to the retrospective nature of our study, there are some
limitations such as the small sample size and the inability to ana-
lyze semen and macroprolactin. On the other hand, there is the
advantage that the data of male patients with macroprolactinoma
are recorded from a single center and by a single endocrinologist
experienced in this field. In addition, the long follow-up period sig-
nificantly contributes to the recording of possible side effects of
exposure to DA and determining the prognosis in these patients.

5. Conclusions
It was concluded that the improvement of gonadal dysfunction
in the treatment of hyperprolactinemia is an important endpoint
and male patients who will use DA to reach a healthy T level should
be informed about their sexual status before starting treatment. It
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hould also be considered that although gonadal function returns
o normal in some patients under this treatment, PRL levels may
emain slightly higher than normal. Therefore, when such a PRL
evel is encountered, it is thought that it is more important to
valuate the clinical response before increasing the DA dose. One
hould also remember that because serum T levels decrease with
ge, dopa-testoxicosis may  develop even with the optimal DA dose.
s a result, to improve of hypogonadism findings and to avoid the
ossible serious side effect of the drug, it is considered appropriate
o keep the serum T level in the lower half of the laboratory normal
eference range, with careful observation of clinical improvement
uring treatment.
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