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1. Abstract
Prolactinoma is the most prevalent type of functional pituitary ad-
enoma or pituitary neuroedocrine tumor (PiNETs), and its clinical 
presentation can vary depending on the patient’s age, gender, and 
the progression of the tumor. In male prolactinoma, the condition 
typically starts gradually, and they often present with larger ad-
enomas when treatment begins, which can sometimes be more 
aggressive. In comparison to women, male prolactinoma tend to 
be older, with higher levels of prolactin, and experience more pro-
nounced complications. Consequently, early diagnosis and treat-
ment of prolactinoma in male patients presents unique difficulties. 
Timely diagnosis and the application of standardized treatments 
for prolactin-secreting adenomas are of paramount importance for 
preserving normal pituitary function, preventing tumor recurrence, 
and enhancing the quality of life for patients with prolactinoma. 
This review systematically outlines the primary clinical charac-
teristics, complications, pathological features, and treatment ther-
apeutic strategy for male prolactinoma. It aims to equip clinicians 
with a comprehensive understanding of diagnosing prolactinomas 
in males by combining current insights and highlighting recent ad-
vancements.

2. Introduction
Prolactinomas，or prolactin-secreting pituitary adenomas are 
benign adenomas that primarily produce prolactin and originate 
from lactotroph cells, accounting more than 50% of all functioning 
(hormonally active) pituitary adenomas in both women and men 
[1]. Male prolactinoma, characterized by the secretion of prolactin, 
typically exhibits common hyperprolactinemia symptoms, such as 
sexual dysfunction and infertility [2]. Furthermore, prolactinoma 
can give rise to localized mass effects, leading to headaches and 
visual field disturbances [3]. Women with prolactinoma often re-
ceive early diagnoses due to irregular menstruation, galactorrhea, 
and infertility, whereas male sexual dysfunction is more easi-
ly overlooked. Typically, male prolactinoma tends to have large 
and aggressive tumor growth. Some male patients with giant pro-
lactinomas (defined as prolactinoma with a tumor >4 cm ) may 
even experience pituitary apoplexy while undergoing hige-dose 
dopamine agonist(DA) therapy [4]. Hence, early diagnosis and 
treatment of male prolactinoma is significant important and clini-
cally challenging. Data on the characteristics of male prolactinoma 
are limited. This review primarily focuses on the analysis and sum-
marization of the clinical characteristics, pathological features, 
recent challenges in diagnosis, and therapeutic strategy for male 
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prolactinoma. This review aims to equip clinicians with a compre-
hensive understanding of diagnosing prolactinomas in males by 
combining current insights and highlighting recent advancements.

3. Epidemiology
The prevalence and annual incidence of prolactinomas are roughly 
50 cases per 100,000 people and 3 to 5 new cases per 100,000 indi-
viduals each year, respectively [5]. It is a significant contributor to 
hyperprolactinemia [6]. Epidemiologic studies have revealed the 
incidence of prolactinoma in men compared to women stands at 
approximately 1:10 for individuals aged between 18 and 50 years, 
and this ratio remains similar for both men and women beyond the 
age of 50 [7, 8]. These tumors are rare and account for around 19% 
of of all PiNETs diagnosed in male patients [9]. Importantly, the 
median age of men who was diagnosed (47 years) is notably high-
er than in women (32 years) [8]. This difference may be attributed 
to the fact that the clinical symptoms of hyperprolactinemia in men 
are generally less specific than those in women. A higher percent-
age of men, around 80%, with a diagnosis of macroprolactinoma 
in comparison to women [10-13].

4. Diagnosis of Male Prolactinoma
4.1. Main Clinical Features of Male Prolactinoma

The diagnosis of male prolactinoma primarily depends on clinical 
features of hypogonadism and tumor- related compression of sur-
rounding tissues, markedly increased serum prolactin level, and 
pituitary space- occupying lesions in the sellar region on imaging, 
such as MRI. Other pituitary disorders and factors leading to ele-
vated prolactin levels are ruled out [1]. The primary clinical symp-
toms in male patients with prolactinoma result from hypogonadism 
induced by hyperprolactinemia. In general, about half of men with 
prolactinomas exhibit symptoms related to the tumor mass, such 
as headaches, visual problems, and neurological issues resulting 
from the compression or invasion of nearby structures. The other 
half experience symptoms associated with hypogonadism, which 
include libido decrease, erectile dysfunction, decreased vitality, 
weakness, reduced sperm count, gynecomastia, infertility, and 
osteopenia [14, 15]. It’s worth noting that previous studies have 
indicated that 23 to 42% of male patients with prolactinoma ex-
hibit normal or nearly normal testosterone levels before treatment 
[16]. The diagnosis of prolactinoma in older men poses greater 
challenges, primarily due to the often-asymptomatic nature of hy-
perprolactinemia in older patients. In addition, age-related ocular 
conditions, such as cataracts or macular degeneration, can conceal 
visual field defects resulting from compression of the optic chiasm.

4.2. Laboratory Examinations

Prolactinomas generally lead to increased serum prolactin levels, 
which serve as a crucial diagnostic indicator. Elevated prolactin 
levels inhibit the secretion of gonadotropin-releasing hormone 

(GnRH) in the hypothalamus, subsequently reducing the secretion 
of gonadotropins and testosterone. Prolactin levels exceeding 250 
ng/ml are primarily associated with macroprolactinomas, while 
levels surpassing 100 ng/ml are rarely attributed to causes other 
than prolactinomas [17, 18]. Male prolactinoma can also exhibit 
other forms of pituitary-target gland hypofunction. These may in-
clude growth hormone deficiency (GHD), central hypothyroidism 
(involvement of the pituitary-thyroid axis dysfunction), and central 
adrenocortical hypofunction (pituitary-adrenal axis involvement) 
[19]. Hypopituitarism can arise due to either direct compression 
of the pituitary or, more frequently, dysfunction of the hypothal-
amus or pituitary stalk. Individuals with larger adenomas are at a 
higher risk of exhibiting one or multiple hormonal deficiencies. 
Therefore, it is important to assess all patients with pituitary mac-
roadenomas for potential anterior pituitary insufficiency. Further-
more, the characteristics of hypopituitarism in older patients may 
be misconstrued as symptoms of multiple chronic illnesses, side 
effects of complex medication regimens, or even as natural conse-
quences of the aging process. Hence, in older male patients with 
hyperprolactinemia and hypogonadism, the awareness of their hy-
pogonadism may only emerge after their prolactinoma has already 
shown clinical improvement through medical treatment [20].

4.3. Magnetic Resonance Imaging

Male prolactinoma often manifest as large tumors, frequently cate-
gorized as macroadenomas (with a maximum diameter of ≥10mm) 
or even giant adenomas (with a diameter > 40mm), which tend to 
exhibit a certain level of invasiveness. MRI is the preferred imag-
ing method for diagnosing lesions in the pituitary and parasellar 
regions, as well as for monitoring PiNETs before and after treat-
ment. It helps to evaluate the response to medical treatment and 
establish baseline conditions post-surgery, typically within 3–6 
months [21, 22]. Prolactinomas typically appear slightly hyperin-
tense on T2-weighted MRI scans [23]. In men, there may be var-
iations in T2 signal intensity indicating necrosis and hemorrhage, 
often associated with higher prolactin levels and a less effective re-
sponse to dopamine agonists compared to more uniform adenomas 
[24, 25]. Kreutz et al. [24] has shown that men with prolactinoma 
tend to have a her erogenous T2 intensity pattern, whereas women 
usually exhibit higher signal intensity. Enhanced MRI features of 
sagittal, transverse and coronal sellar region in male patient with 
giant prolactinoma in Figure 1(A, B, and C) respectively. Howev-
er, diagnosing prolactinoma in men should follow the same criteria 
as in women, which include: (i) consistent elevation of prolactin 
levels in multiple tests, (ii) ruling out other potential causes solely 
responsible for hyperprolactinemia (such as macroprolactin), (iii) 
definitive identification of a pituitary adenoma, and (iv) excluding 
a mixed GH-PRL adenoma associated with acromegaly. (21, 26, 
27).
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Figure 1: Enhanced MRI features of the sellar region in male patients with giant prolactinoma.

5. Comorbidities and Complications of Male Prolactino-
ma
5.1. Abnormal Bone Metabolism

Pituitary hormones play an important role in maintaining bone 
health. Abnormal or inadequate secretion of pituitary hormones 
can lead to alterations in bone structure and strength [28]. Hy-
perprolactinemia or alterations in other hormone levels in prol-
actinoma could lead to a reduction in bone mineral density (BMD) 
and an increased risk of fractures. The research studies found that 
55.6% of male patients with prolactinoma exhibited osteopenia or 
osteoporosis in one or more sites. The lumbar spine was the most 
commonly affected site, with 29.6% having osteopenia and 14.8% 
having osteoporosis, a condition associated with hyperprolactine-
mia and hypogonadism [28]. Osteopenia and osteoporosis are 
prevalent complications in individuals with prolactinoma, particu-
larly in elderly male patients. Furthermore, a cross-sectional study 
indicated a considerably higher occurrence of vertebral fractures 
in men with prolactinoma (37.5%) compared to age-matched con-
trols with normal prolactin levels (7.8%), regardless of their serum 
testosterone levels [29]. The prevalence of vertebral fractures was 
reduced in patients who received treatment for prolactinoma com-
pared to untreated patients. Hence, it has been proposed that the 
elevated fracture risk in patients with prolactinoma is not linked 
to hypogonadism.

5.2. Anemia

Mild anemia is a frequent occurrence in male pituitary prolac-
tin-secreting macroadenomas. A retrospective cohort study of in-
dividuals with prolactin-secreting macroadenomas revealed that 
nearly 83% of 36 male patients had hemoglobin levels below the 
reference range at the time of diagnosis, a condition associated 
with larger pituitary adenomas [30]. In a cross-sectional analysis 
of 22 cases of macroadenoma and 4 cases of microadenoma, it was 
found that 34.6% of the patients had anemia, and all of these cases 
were associated with prolactin-secreting macroadenomas [31]. It 
is widely recognized that androgens, particularly testosterone, play 
a role in promoting erythropoiesis in men. Hemoglobin levels are 
comparable in men and women before puberty, but they increase 
in men after puberty, coinciding with the elevation of testoster-
one levels. Testosterone is responsible for a 12.2% difference in 

hemoglobin concentrations between adult men and women. Con-
sequently, men with prolactinoma and hypogonadism often expe-
rience anemia. Anemia also tends to improve in hypogonadal male 
prolactinoma following successful treatment and the restoration of 
normal prolactin and testosterone levels [30].

5.3. Metabolic Disorders

Hyperprolactinemia and hypogonadism have been linked to im-
paired metabolic functioning. Hyperprolactinemia have been 
demonstrated to disordor of glucose and lipid metabolism, result-
ing in impared glucose tolerance (IGT) and hyperinsulinemia [32]. 
A recent study observed substantial increases in body fat content 
and low-density lipoprotein cholesterol levels, along with signif-
icant reductions in total cholesterol and low-density lipoprotein 
cholesterol, in untreated male patients with prolactinoma follow-
ing treatment with cabergoline. These effects were not observed 
in female patients with prolactinoma when compared to healthy 
men [16]. Auriemma et al. reported that among 32 male patients 
with prolactinoma, 50% were diagnosed with metabolic syn-
drome, 59.5% were obese, and 25% had IGT [32]. The treatment 
with dopamine receptor agonists (DA) can enhance the metabolic 
parameters in these patients with prolactinoma. This includes im-
provements in body weight, waist circumference, body mass index 
(BMI), blood lipid profiles, and plasma glucose levels, as well as 
a reduction in the prevalence of metabolic syndrome. Moreover, 
the administration of suitable androgen replacement therapy can 
further ameliorate issues related to visceral obesity and insulin 
resistance in male hyperprolactinemia patients with testosterone 
deficiency [2, 32].

5.4. Others

Considerable extra-sellar expansion has been documented in nu-
merous patients with giant prolactinomas, potentially resulting in a 
range of distinctive neurological symptoms. Table 1 describes the 
common clinical manifestations, mass effects, and comorbidities 
of male prolactinoma. These symptoms may encompass temporal 
epilepsy, reversible dementia, disorientation, hemiplegia, olfac-
tory hallucinations, cranial nerve paralysis (III, IV, V, VI) asso-
ciated with ophthalmoplegia, or even obstructive hydrocephalus 
[33]. Additional symptoms that may be associated with giant prol-
actinomas include epistaxis, exophthalmos, nasal obstruction, and 
cerebrospinal fluid rhinorrhea etc. [34].
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Male prolactinoma Mass effects Comorbidities

Decreased libido Decreased vision Osteoporosis

Erectile dysfunction Vision field defects Osteopenia

Infertility Hypopituitarism Anemia

Gynecomastia Headache Dyslipidemia

Galactorrhea Cranial 
hypertension Metabolic Disorder 

Others: Cranial nerve palsy (III, IV. V, VI), temporal epilepsy, reversible dementia,
hemiplegia, olfactory hallucinations

Table 1: Common clinical presentations, mass effects and comorbidities of male prolactinoma.

6. Pathological Features of Male Prolactinoma
Male prolactinomas are often characterized by rapid growth and 
aggressiveness, leading to compression of neighboring structures. 
While most prolactinomas exhibit sparse and granular character-
istics, the more aggressive and resistant dense granular tumors are 
primarily observed in men [35]. The tumor grade of male prol-
actinomas is typically higher than that of females, primarily falling 
into the middle and high-grade categories. This is associated with 
a poor prognosis of male prolactinomas. The greater tumor size 
and more aggressive characteristics seen in men are primarily at-
tributed to gender-related disparities in tumor behavior and these 
differences may involve the estrogen-receptor pathway. This is not 
primarily linked to a delay in diagnosis [10, 36, 37].

6.1. Proliferation Markers

Ki-67 has served as the proliferation marker for human tumor cells 
for decades. Most prolactinomas typically exhibit low prolifera-
tive activity as indicated by the Ki-67 proliferative index [38]. De-
spite analyzing tumors likely resistant to medical therapy or those 
presenting with clinical complications such as visual disturbances 
or apoplexy, most reported clinico-pathological series still indi-
cate a prevalent trend of low proliferative activity in lactotroph 
adenomas. Studies have indicated a positive correlation between 
higher Ki-67 levels and factors such as tumor size, PRL levels, 
and resistance to dopamine agonists (DA). Consequently, macro- 
prolactinomas and invasive tumors typically exhibit significantly 
higher Ki-67 levels compared to micro- prolactinomas [37, 39]. 
In particular, a mitotic count exceeding 2 and a Ki-67 index of 
3% or higher have been identified as correlates with DA-resistant 
and invasive lactotroph tumors, particularly noteworthy in male 
patients [40].

6.2. Estrogen Receptor Expression

The gender-based variation in estrogen receptor (ER) expression in 
prolactinomas remains a topic of debate, although numerous stud-
ies have indicated that ER α and certain growth factors, like basic 

fibroblast growth factor and transforming growth factor, have a 
substantial impact on the onset and progression of prolactinomas. 
The level of ER expression is significantly associated with tumor 
size, proliferation activity, and prolactin levels [41]. Aromatase is 
an enzyme responsible for synthesizing estrogen. In rodent mod-
els, it has been confirmed that aromatase expression in the pituitary 
gland has sex dimorphism, with males showing higher aromatase 
expression in the pituitary compared to females. Androgens have 
also been shown to promote pituitary aromatase expression in an-
imals, while estrogen inhibits it [42, 43]. In summary, aromatase 
plays a significant role in mediating the occurrence and invasive 
development of male prolactinomas. Consequently, the expression 
level of ERs within the tumor may be one of the potential factors 
contributing to the distinct biological characteristics of male pro-
lactinomas.

6.3. Mutations in the SF3B1 Gene

More recently, Li et al. identified hotspot mutations in the splice 
factor 3B subunit 1 (SF3B1) gene in as many as 19.8% of pro-
lactinoma cases. Patients with these mutations exhibited higher 
prolactin levels and shorter progression-free survival compared to 
patients without such mutations [44]. Even more intriguingly, this 
mutation was more prevalent in men compared to women (24.34% 
versus 10.67%, respectively), indicating a substantial association 
between SF3B1 mutations and a poorer prognosis. Among oth-
er findings, Guo et al. [44]. Conducted transcriptomic analysis on 
human prolactinomas mutated by SF3B1R625H and heterozygous 
mutated GH3 cells. Their analysis revealed that the SF3B1R625H 
mutation can lead to abnormal splicing, reducing the maintenance 
of cell polarity and the expression of the tumor suppressor Discs 
large 1 (DLG1). This reduction in DLG1 expression promotes 
cell migration and invasion through the PI3K/Akt pathway and 
epithelial-mesenchymal transformation. In summary, when SF-
3B1R625H mutation is present in male prolactinomas, it induces 
abnormal splicing of ERRγ and DLG1, leading to increased prolif-
erative activity and invasiveness in male prolactinomas.
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6.4. The TGFβ1-TGFβRII Signaling Pathway

Dopamine agonists work by binding to dopamine receptors on tu-
mor cell membranes, leading to the exertion of their anti-prolifera-
tive effects and the inhibition of prolactin secretion [45]. In recent 
years, TGFβ1, among the growth factors involved in regulating 
pituitary prolactin function, has garnered attention. The TGFβ1 
system plays a role in dopamine and estradiol regulation in lac-
tin cells: dopamine binds to the dopamine D2 receptor (D2DR), 
which upregulates various components of the TGFβ1 system (such 
as TGFβ1 mRNA, potential TGFβ-binding proteins, LTBPs, active 
TGFβ1, TGFβ receptor II, and phosphorylated Smad 2/3). Addi-
tionally, it promotes the expression of local activators of TGFβ1, 
including platelet reactive protein TSP1 and tissue kinin release. 
This is further facilitated by the expression of KLK1 and matrix 
metalloproteinases MMP2 and MMP9. The TGFβ1-TGFβRII sig-
naling pathway inhibits the proliferation of lactating cells. On the 
other hand, estradiol down-regulates various components of the 
TGFβ1 system and certain local activators (like TSP1), thereby in-
hibiting the TGFβ1-TGFβRII signal and consequently increasing 
PRL levels.The study of animal models suggest that males may 
have a more robust TGFβ1 system than females in the pituitary 
[46]. In summary, TGFβ1 is a crucial molecule in regulating sex-
ual differences, with implications for therapeutic interventions of 
prolactinomas.

7. Treatment of Male Prolactinoma
7.1. Medical Therapy

The primary objectives of hyperprolactinemia treatment are to 
alleviate the adverse effects of excessive pituitary hormone pro-
duction, normalize serum prolactin levels to restore gonadal and 
sexual function, safeguard any remaining pituitary function, and 
prevent the recurrence or advancement of the condition [47, 48]. 
For the majority of patients with prolactinoma, the preferred treat-
ment option continues to be medical therapy, primarily represented 
by DA. Currently, available DA options encompass bromocriptine, 
cabergoline, and quinagolide. Both bromocriptine and cabergoline 
effectively normalize prolactin levels and reduce tumor volume 
in most male prolactinoma cases. However, cabergoline is often 
favored due to its superior efficacy and tolerability, making it the 
current treatment of choice [33]. A meta-analysis involving 88 
male patients with prolactinomas, including 15 with microadeno-
mas and 73 with macroadenomas, demonstrated that DA therapy 
successfully restored prolactin levels in 73.3% of microadenoma 
cases and 65.2% of macroadenoma cases. Additionally, approx-
imately 78.7% of patients experienced a reduction in tumor vol-
ume. After the follow-up period, MRI scans revealed complete 
tumor disappearance in 53.3% of microadenomas and 28.3% of 
macroadenomas. Furthermore, serum testosterone levels returned 
to normal in 73.3% of microadenomas and 56.2% of macroadeno-
ma [4]. While testosterone levels are frequently reduced, they can 

remain within the normal range in men who have prolactinomas. 
Nevertheless, effective treatment of hyperprolactinemia leads to 
the normalization or a significant increase in testosterone levels in 
60-80% of patients [49-51]. Once normal testosterone levels are 
restored, probably, sperm volumes and counts will also normalize, 
although this process may take a while, usually around 2 years [49, 
52]. Giant prolactinomas, frequently observed in men, are typical-
ly aggressive; however, the majority of these tumors are benign 
and exhibit positive responses to DA treatment. It is currently ad-
vised that regardless of the tumor size or the extent of neurological 
and ophthalmic complications, cabergoline should be considered 
as the initial treatment choice for prolactinomas, subject to thor-
ough clinical and laboratory monitoring to promptly ameliorate 
neuro-ophthalmic symptoms. It’s worth highlighting that partial 
resistance is a frequent occurrence, and the gradual escalation of 
DA doses may assist in normalizing prolactin levels or reducing 
tumor size.

7.2. Surgical Treatment

Transsphenoidal surgery (TSS) serves as a secondary treatment 
option for individuals with prolactinoma who cannot tolerate DA 
therapy, are unresponsive to drug treatment, or experience sponta-
neous or DA-induced cerebrospinal fluid (CSF) leakage. The suc-
cess rate of surgical treatment for male prolactinoma is contingent 
on factors including aggressiveness, tumor size, and prolactin lev-
els. A recent systematic review and meta- analysis demonstrated 
that 38% of patients with prolactinoma who underwent surgery 
after DA therapy failure achieved a favorable response. Further-
more, when multiple therapies were combined, approximately 
62% of patients with prolactinomas achieved a response [53]. 
Hence, while surgery may not be the primary treatment choice for 
prolactinoma, it serves as a crucial option in cases where medical 
therapy proves ineffective.

7.3. Radiation Therapy

The primary objective of radiotherapy is to manage tumor growth, 
with the normalization of prolactin secretion being an ancillary 
goal. This goal is reported to be attained in only around one-third 
of cases [54, 55]. The most frequently employed radiation therapy 
methods for pituitary tumors include stereotactic radiation thera-
pies such as gamma knife, cyberknife, and proton beam therapy. 
The stereotactic radiosurgery is a secure and efficient treatment 
option for individuals with recurrent or remaining pituitary adeno-
mas. Radiotherapy is primarily employed in patients who still have 
DA-resistant tumor remnants or experience uncontrolled tumor 
growth following unsuccessful surgical procedures. A multicenter 
study evaluating the long-term outcomes of 289 patients with pro-
lactinoma who underwent stereotactic body radiation therapy re-
vealed that 95% of patients achieved control of adenoma growth, 
with only 5% experiencing tumor progression at their last fol-
low-up, which had a mean duration of 60-267 months. Endocrine 
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response rates, defined as normal prolactin levels without the need 
for DAs, were observed in 28% at 3 years, 41% at 5 years, and 
54% at 8 years [56]. This implies that stereotactic body radiation 
therapy is a valuable treatment option for patients with refractory 
or residual/recurrent prolactinoma who are not suitable candidates 
for surgical resection. The primary adverse effect of radiotherapy 
is the development of new pituitary-target hormone deficiencies. 
These deficiencies can be managed and rectified through hormone 
replacement therapy [57]. According to the literature, new pitui-
tary hormone deficiencies are documented in 25% of patients with 
prolactinoma following radiotherapy, and new visual complica-
tions are experienced by approximately 3% of patients with prol-
actinoma [56].

7.4. Combination Therapy and Other Potential Treatment Op-
tions

For patients dealing with drug-resistant, aggressive, or vi-
sion-threatening tumors, as well as those who experience severe 
adverse reactions to DA treatment, a multifaceted approach is ad-
vised. This approach may encompass surgery, radiotherapy, and 
ongoing drug therapy. Temozolomide, an oral alkylating agent, 
is considered a fourth-line treatment for prolactinoma cases that 
remain unresponsive to DA therapy, transsphenoidal surgery, and 
radiotherapy. It is a viable option for specific invasive, resistant, or 
malignant giant prolactinomas in clinical practice [33, 55]. In cer-
tain cases of resistant prolactinoma, particularly those with soma-
tostatin receptor expression (mainly type 5 and type 2), combina-
tion therapy involving cabergoline and octreotide/pasireotide may 
be effective in managing tumor size and prolactin levels [57, 58]. 
Metformin, in addition to its antidiabetic properties, has been dis-
covered to possess anti-tumor effects in recent research. There are 
reports of two patients with bromocriptine-resistant prolactinoma 
who experienced a reduction in prolactin levels and a significant 
decrease in tumor size when bromocriptine was combined with 
metformin [59]. Furthermore, potential treatment approaches like 
anti-vascular endothelial growth factor therapy, targeted therapy, 
and immunotherapy have displayed promise in the management 
of prolactinoma. Additional research is necessary to elucidate the 
underlying mechanisms of refractory prolactinoma and establish 
the most effective treatment strategies.

7.5. Follow Up

For individuals who have shown a favorable response to DA treat-
ment and achieved normal or near-normal prolactin levels, the 
current recommendation is to monitor prolactin levels every 3-6 
months during the first year and then at intervals of 6-12 months. 
If an MRI reveals a reduction in tumor size, it’s safe to extend the 
intervals to one year or longer for MRI scans. In cases where prol-
actin levels remain normal, there may be no need for pituitary-en-
hanced MRI, as it is exceedingly rare for a tumor to increase in 
size without a significant rise in prolactin levels. Visual field as-

sessment should be repeated until it returns to normal or remains 
stable [60]. Discontinuing DA therapy is feasible under specific 
conditions, offering favorable prospects of remission as follows: 
(a) the patient has received continuous treatment for at least 2 to 
3 years, potentially longer for macroprolactinomas; (b) achieving 
low prolactin levels with a minimal DA dosage (<0.5 mg/week of 
cabergoline); (c) observing either disappearance or more than a 
50% reduction in the maximal tumor size; and (d) absence of cav-
ernous sinus invasion. When these criteria are fulfilled, sustained 
remission is observed in approximately one-third of patients, par-
ticularly following cabergoline use in microprolactinomas (50%) 
compared to bromocriptine or in cases of macroprolactinomas 
[61]. Consequently, it is advisable to include follow-up echocardi-
ography for men who are undergoing high-dose cabergoline treat-
ment. Apart from the typical side effects like nausea, vomiting, or-
thostatic hypotension, and headaches, nasal obstruction, as well as 
psychiatric symptoms, such as depression, anxiety, and insomnia. 
Certain clinical studies have indicated that some male prolactino-
ma may develop impulse control disorders (ICDs) involve behav-
iors like gambling addiction, hypersexuality, compulsive eating, 
and impulsive buying following DA treatment [5, 62].

8. Challenges in Prolactinoma Treatment
8.1. Resistance to DA Treatment

 Various treatment options can be explored for cases of resistance 
to dopamine agonists (DAs) [63, 64]. While a decrease in the 
expression of D2 receptors has been observed in resistant prol-
actinomas, the underlying mechanisms are not fully understood 
[64]. Approximately 70–80% of patients resistant to bromocriptine 
may achieve normalization of prolactin (PRL) levels with caber-
goline (CAB) treatment [21]. This presents a therapeutic dilem-
ma, defined by the inability to achieve normal PRL levels with 
the highest tolerated doses of DAs and/or a failure to achieve a 
50% reduction in tumor size [26, 63]. Resistance is uncommon in 
microadenomas, more prevalent in macroprolactinomas (3–5%), 
and often associated with invasive tumors [63]. Subsequently, the 
dosage of CAB may be incrementally increased to the maximum 
tolerated level [63]. Additionally, resistant prolactinomas may 
warrant transsphenoidal neurosurgery to debulk large tumors and 
enhance postoperative medical management [65]. Radiation ther-
apy should be considered only for rare cases where surgical treat-
ment fails and aggressive prolactinomas are present [62]. It may 
take up to 20 years to see maximum effects, and normalization of 
hyperprolactinemia is achieved in only one-third of cases [26].

8.2. Invasive Giant Prolactinomas

Giant prolactinomas that are invasive often infiltrate nearby tissues 
and pose significant challenges for complete removal. Nonethe-
less, cytoreductive surgery (CRS) can mitigate symptoms caused 
by compression, improve visual field, reduce excessive prolactin 
production, and alleviate systemic effects of hyperprolactinemia 
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[55]. Additionally, CRS can enhance the effectiveness of other 
treatment approaches such as medication and radiation therapy. 
By enabling better control of tumor biochemistry with lower doses 
of DA, it reduces the risk of long-term side effects associated with 
their use [54]. Therefore, despite the limited efficacy of surgery 
alone, its ability to promptly relieve compression symptoms and 
mitigate DA side effects is highly valuable. Current guidelines ad-
vise a thorough assessment by experienced specialists including 
pituitary surgeons, ophthalmologists, and endocrinologists. This 
evaluation aims to determine the suitability of adenoma removal 
for patients who do not respond quickly to DA therapy (within 2 
weeks), those who are resistant to or cannot tolerate DA treatment, 
or those who choose not to pursue DA therapy.

8.3. Cardiovascular Risk

It’s essential to be aware of the potential risk of heart valve disease 
associated with high doses of cabergoline. The primary mecha-
nism possibly involves the stimulation of serotonin receptors by 
DA, leading to fibroblast proliferation [66]. Men diagnosed with 
PRLoma face a heightened likelihood of developing cardiovas-
cular disease (CVD), whereas this correlation was not observed 
among female patients with the same condition [4]. In a recent 
meta-analysis comprising 13 case-control studies, patients with 
prolactinoma received cabergoline treatment for over 6 months 
due to hyperprolactinemia were revealed an elevated incidence 
of tricuspid regurgitation among these patients. However, there 
were no significant disparities detected in the functioning of oth-
er cardiac valves [67]. Patients with prolactinoma undergoing ca-
bergoline treatment should receive annual clinical cardiovascular 
assessments, and those with a heart murmur should undergo color 
Doppler echocardiography.

8.4. Pathological Impulse Control Disorder

Impulse control disorders (ICDs) associated with dopamine ago-
nists encompass behaviors such as pathological gambling, com-
pulsive shopping, hypersexuality, binge eating, and the repeti-
tive engagement in purposeless mechanical activities, known as 
“punding” [68]. Potential risk factors for these disorders include 
male gender and younger age. The underlying cause of this intri-
cate disorder is believed to involve a hyperdopaminergic state in 
specific brain regions [69]. Despite its infrequency, when it does 
manifest, the severity of symptoms can lead to significant econom-
ic or social repercussions for patients and their families, depending 
on the nature of the behavioral manifestation. Discontinuation of 
the dopamine agonists typically leads to a rapid cessation of these 
unwanted compulsions. Endocrinologists should maintain height-
ened awareness regarding the potential for ICDs, and interactions 
with patients in clinical settings present opportunities to discuss 
this rare but significant side effect of an otherwise well-tolerated 
therapy.

9. Conclusion
Male prolactinomas are typically large and aggressive tumors char-
acterized by elevated prolactin levels and hypogonadism. Primary 
medical treatment is recommended for most male patients with 
prolactinoma. Long- term dopamine agonist treatment has proven 
effective. It can normalize or nearly normalize prolactin levels and 
restore testosterone to normal in the majority of cases, leading to 
significant tumor shrinkage or even complete disappearance. Sur-
gery can be particularly beneficial for male patients with rapidly 
growing prolactinomas and can enhance the effectiveness of adju-
vant therapies by alleviating the mass effect of the tumor and/or re-
ducing the tumor burden. The management of male prolactinoma 
often necessitates a multifaceted approach involving various med-
ical specialties including endocrinology, neurosurgery, and radio-
therapy. For male prolactinoma，long-term follow-up is essential 
to track their response to therapy and general health monitoring.
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