&/ Endotext

PROLACTINOMA MANAGEMENT

Juliana Drummond, Division of Endocrinology, Hospital of Clinics of the Federal University of Minas Gerais, Belo
Horizonte/Minas Gerais, 30130-100, Brazil, jubeaudette@hotmail.com

Mark E. Molitch, MD, Division of Endocrinology, Metabolism and Molecular Medicine, Department of Medicine,
Northwestern University Feinberg School of Medicine, Chicago, IL 60611. molitch@northwestern.edu

Marta Korbonits, MD, PhD, DSc, FRCP, Centre for Endocrinology, William Harvey Research Institute, Barts
and the London School of Medicine and Dentistry, Queen Mary University of London, UK,

m.korbonits@gmul.ac.uk

Updated August 18, 2024

ABSTRACT

Prolactinomas comprise nearly 40% of all pituitary
tumors. Patients with prolactinomas usually come to
medical attention as a result of symptoms caused by
elevated prolactin levels, such as hypogonadism,
menstrual irregularities, infertility or galactorrhea, or
due to mass effects. Sometimes these patients can
present as an emergency, either due to a visual field
defect or loss of vision, or due to acute severe
headache caused by pituitary apoplexy associated
with hypopituitarism. Most patients with
hyperprolactinemia do not have prolactinomas. A
number of physiological conditions as well as several
medications can also cause prolactin elevations; in
these instances, prolactin levels are usually < 150
ng/mL (3000 mlIU/L). Hyperprolactinemia can also
result from reduced dopamine reaching the
lactotrophs due to stalk compression. Furthermore,
when evaluating patients with only modestly elevated
prolactin levels and large macroadenomas, one
should be aware of the “hook effect”, caused by
saturation of antibodies of a two-site immunoassay by
very high prolactin levels. A dopamine agonist is the
treatment of choice in the vast majority of cases.
Dopamine agonists can normalize prolactin levels,
restore the function of the gonadal axis, stop
galactorrhea, and significantly decrease tumor size in

most of the patients, with cabergoline generally being
more efficacious and better tolerated than
bromocriptine. Indeed, cabergoline is first-line therapy
even in patients with visual field defects, as long as
visual acuity is not threatened by rapid progression or
recent tumor hemorrhage. Cerebrospinal fluid leakage
is a rare complication of dopamine agonists if they
cause rapid tumor shrinkage and there is disruption of
the sellar floor by the tumor. Transsphenoidal surgery
is an alternative treatment in cases of dopamine
agonist resistance or intolerance. Radiation therapy is
reserved for those rare patients with macroadenomas
not responding to either medical or surgical treatment.
Symptomatic growth during pregnancy may occur in
about 20-25% of macroprolactinomas, and therefore
visual field testing is indicated each trimester in such
patients. MRI scans (without gadolinium) are done in
those patients who develop visual field defects or
severe headaches when a therapeutic intervention is
contemplated. Prolactinoma is the most common
pituitary tumor subtype in children and adolescents
and macroprolactinomas are more frequent in this age
group compared to adults. In addition to typical
symptoms of hyperprolactinemia, pediatric patients
may present with delayed or arrested puberty, growth
failure, and weight gain. Many aspects of the care for
children and adolescents with prolactinomas are
similar to that in adults; however, key differences exist,
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particularly in presentation and etiology. For that
reason, children and adolescents with pituitary
adenomas, including prolactinomas, should be treated
by a pituitary specific multidisciplinary team.

CLINICAL RECOGNITION

Patients with prolactinomas come to clinical
recognition because of the effects of elevated prolactin
levels or tumor mass effects. The most typical
symptoms of hyperprolactinemia in premenopausal
women are oligo/amenorrhea (approximately 90%)
and galactorrhea (approximately 80%) (1).
Hyperprolactinemia is a cause of amenorrhea in 10%-

20% of nonpregnant women (2), while non-puerperal
galactorrhea may occur in 5-10% of normally
menstruating, normoprolactinemic women, and
therefore is suggestive, but not definitive, of
hyperprolactinemia. However, when
oligo/amenorrhea is associated with galactorrhea,
about 75% of women will be found to have
hyperprolactinemia. Galactorrhea is reported in ~10%
of cases in men with prolactinomas and is virtually
pathognomonic of a prolactinoma. Hyperprolactinemia
inhibits the pulsatile secretion of gonadotropin
releasing hormone via interfering with hypothalamic
kisspeptin-secreting cells via the prolactin receptor,
and may involve an opioid link (3).

Table 1. Etiology of Hyperprolactinemia

Pituitary Disease
Prolactinomas
Acromegaly

Empty Sella syndrome
Hypophysitis

Rathke’s pouch cyst
Metastases (breast, lung)

Clinically nonfunctioning pituitary adenomas

Hypothalamic Disease
Craniopharyngiomas
Meningiomas
Germinomas

Other tumors
Sarcoidosis
Langerhans cell histiocytosis
Neuroaxis irradiation
Vascular

Tuberculosis

Pituitary Stalk Section

Medications

Phenothiazines
Butyrophenones

Atypical Antipsychotics
Tricyclic Antidepressants
Serotonin Reuptake Inhibitors

Serotonin Noradrenaline Reuptake inhibitors
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Sibutramine
MAQO inhibitors
Reserpine
Methyldopa
Verapamil
Metoclopramide
Domperidone
Opioids
Estrogens
GnRH agonists
Other

Neurogenic
Chest wall/Breast lesions
Spinal Cord lesions

Other

Pregnancy

Breast-feeding
Hypothyroidism

Renal Insufficiency

Severe liver disease

Adrenal Insufficiency
Polycystic ovary syndrome
Ectopic prolactin production

Familial hyperprolactinemia (mutated prolactin receptor)
Untreated phenylketonuria and tetrahydrobiopterin deficiencies

Idiopathic

EPIDEMIOLOGY

Prolactinomas comprise 25 to 50% of all pituitary
adenomas (4). Prolactinomas are roughly three times
more common in women than in men; prior to
menopause, prolactinomas predominantly affect
women in a ratio of 5:1 to 10:1, while the ratio
equalizes afterwards, mainly reflecting the decline in
circulating estrogen levels. Microprolactinomas (<10
mm in maximal diameter) are the most frequent type
and very rarely grow into macroprolactinomas (= 10
mm in maximal diameter). Macroprolactinomas, on the
other hand, have a different clinical prognosis (higher
risk of invasiveness, higher rates of resistance to
medical therapy as well as a higher frequency of other
anterior pituitary hormone deficiencies) and require

closer follow-up, particularly in men (5). Prolactinomas
measuring > 40 mm in diameter are named giant
prolactinomas.

PATHOPHYSIOLOGY

The vast majority of prolactinomas are sporadic.
Familial cases of prolactinomas are very rare and
occur usually in association with Multiple Endocrine
Neoplasia type 1 or the Familial Isolated Pituitary
Adenoma (FIPA) syndrome and more rarely due to
MEN4, MENS5 or associated with paragangliomas (6-
8). Genetic testing for young-onset
macroprolactinomas should include the MEN1 and
AIP genes. Similar to other types of pituitary
adenomas, prolactinomas arise from a single
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transformed cell with  monoclonal

proliferation.

(lactotroph)

A number of candidate somatic genetic alterations
involved in the genesis and progression of
prolactinomas have been investigated, among which
a somatic mutation in the splicing factor 3 subunit B1
(SF3B1) gene stands out. A mutational hotspot
(SF3B1R625H) was described in approximately 20%
of over 200 surgically resected prolactinomas from a
cohort of Chinese patients (9). A recent study by the
same group suggests that the SF3B1R625H allele, by
promoting aberrant splicing and suppression of
Human Disc Large (DLG1), a tumor suppressor
protein, may stimulate cell migration, invasion, and
epithelial-mesenchymal transition (10). A recent
retrospective, multicenter study involving 282 patients
from 8 European centers detected SF3B1 variants
(including a new variant SF3B1R625C) in seven
patients with lactotroph tumors, including 3 metastatic
and 3 aggressive tumors (11). The overall prevalence
of likely pathogenic SF3B1 variants in lactotroph
tumors was 2.5%, but when considering only
metastatic cases, it reached the 50%. Furthermore,
SF3B1 variants correlated with significantly larger
tumor size, higher Ki67 proliferation index, multiple
treatments, including radiotherapy and chemotherapy,
increased disease-specific death, and shorter
postoperative survival.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

The majority of patients with hyperprolactinemia do
not actually have prolactinomas (Table 1) (2,12,13).
Drug-induced hyperprolactinemia is the most common
cause, and a number of physiological conditions,
including stress (psychological or associated with
acute illness), exercise and sleep can also cause
prolactin elevation. The hyperprolactinemia caused by
drugs and other non-prolactinoma causes is usually
<150 ng/mL (3000 mIU/L). Many medications block
dopamine release or action, the most common being
antipsychotic medications, verapamil, and
metoclopramide (14,15). The best way to determine

whether hyperprolactinemia is drug-induced or not is
to discontinue the drug or switch to another drug in a
similar class that is not known to cause
hyperprolactinemia and see if the prolactin levels
return to normal within 72 hours. The best example is
the partial dopamine receptor agonist aripiprazole,
which has been shown to be effective in attenuating
antipsychotic medication-induced hyperprolactinemia
(16).

A variety of suprasellar lesions cause
hyperprolactinemia because of compression of the
hypothalamus or pituitary stalk with decreased
dopamine reaching the lactotrophs. These can be
mass lesions, such as craniopharyngiomas or
meningiomas, or infiltrative disease, such as
sarcoidosis and Langerhans cell histiocytosis. Cystic
prolactinomas, which are prolactin secreting tumors in
which the cystic component accounts for more than
50% of the tumor volume, may offer a diagnostic
challenge since the prolactin levels are usually lower
(50-150 ng/mL) than their solid counterparts. The
diagnostic evaluation should exclude other pituitary
cystic lesions with hyperprolactinemia caused by stalk
compression, such as cystic non-functioning pituitary
adenomas (NFPAs), craniopharyngiomas, and
Rathke's cleft cysts. It should be noted that cystic
prolactinomas might respond to dopamine agonist
therapy, which should be considered a viable option,
particularly in patients without urgent need of optic
chiasm decompression (5). The rapidity and degree of
response to dopamine agonist therapy could be a
possible way to differentiate the two scenarios with the
idea that hyperprolactinemia due to lack of dopamine
release would respond more rapidly and markedly to
dopamine agonist therapy than prolactinomas.
Nevertheless, a recent descriptive study on 68
prolactinomas presenting with prolactin levels
between 50 and 200 ng/mL described a median
prolactin percent change of 87% by 2 months with
more than 25% of the patients having a percent drop
>95% (17).
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The high estrogen levels of pregnancy cause
lactotroph hyperplasia and hyperprolactinemia, so
pregnancy must always be excluded. The estrogen
levels produced by oral contraceptives or post-
menopausal hormonal replacement therapy generally
do not cause hyperprolactinemia. The prevalence of
hyperprolactinemia in patients with polycystic ovary
syndrome is variable and should be a diagnosis of
exclusion. Notably, prolactin values above 60-80
ng/mL suggest another wunderlying cause of
hyperprolactinemia that should be actively
investigated (2,18). Hypothyroidism and renal failure
(serum creatinine >2 mg/dL (176 umol/L) can also
cause hyperprolactinemia (19). Thus, the initial
laboratory evaluation involves repeat measurement of
prolactin, a TSH, a serum creatinine, and a pregnancy
test. Unless there is very good evidence for these
conditions or drug-induced hyperprolactinemia, even
patients with mild hyperprolactinemia should be
evaluated with radiological methods, preferably MRI,
to distinguish among idiopathic hyperprolactinemia,
microprolactinomas, and large mass lesions.
Measurement of IGF-1 is recommended for patients
presenting with hyperprolactinemia and pituitary
adenomas (19,20) as prolactin may be elevated in up
to 50% of patients with GH-secreting tumors (21).

Special caution is needed when two-site (‘sandwich’)
prolactin assays are used, as patients with large
prolactinomas and very high prolactin levels may
appear to have prolactin levels that are normal or only
modestly elevated, thus mimicking a large NFPA. This
‘hook effect” is due to saturation of the assay
antibodies and prolactin levels should always be

remeasured at 1:10 or 1:100 dilution in patients with
larger macroadenomas (> 2-3 cm) and normal to
modestly elevated prolactin levels (20,22-24).

Sometimes prolactin levels are elevated due to
increased amounts of macroprolactin. Macroprolactin
consists of high molecular weight prolactin variants
that are either aggregates with immunoglobulins or
dimers, and have diminished biologic potency.
Macroprolactin can be detected in the serum by
precipitating the complex with polyethylene glycol. In
normal individuals, macroprolactin comprises < 30%
of circulating prolactin; therefore, if after precipitation
with polyethylene glycol the prolactin levels in the
supernatant are > 70% of the upper limit of normal for
the assay, the patient can be assumed to have true
hyperprolactinemia and not an elevation due simply to
macroprolactin. Macroprolactinemia has usually been
found in patients with equivocal symptoms and not
those typically due to hyperprolactinemia. A lack of
recognition of the presence of macroprolactin can lead
to unnecessary laboratory investigations, imaging,
and pharmacologic or surgical treatment.

When no pituitary lesions are seen by radiological
studies and other known causes have been excluded,
the diagnosis of idiopathic hyperprolactinemia is
made; in long term follow-up, although prolactin levels
may rise to over 50% of the baseline in 10-15% of the
patients, only about 10% develop detectable
microadenomas, one-third resolve their
hyperprolactinemia without specific intervention and
prolactin levels remain stable in most patients (25).
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TREATMENT

Patient with macroadenoma

Figure 1. Serum prolactin measurement is required in all patients presenting with hypothalamic-
pituitary lesions before surgery (Figure courtesy of D. Korbonits)

Not all patients require treatment. If a patient with a
microadenoma or idiopathic hyperprolactinemia
presents with non-bothersome galactorrhea and has
normal estrogen/testosterone levels, they can simply
be followed with periodic prolactin levels. Similar
patients who may have amenorrhea but are not
interested in fertility may be treated with estrogen
replacement. However, for most symptomatic
patients, a dopamine agonist is the therapy of choice.
Dopamine agonists normalize prolactin levels, correct
amenorrhea-galactorrhea, and decrease tumor size
by more than 50% in 80-90% of patients, with
cabergoline generally being more efficacious and
better tolerated than bromocriptine (19,26). Thus,
defining whether a pituitary tumor is a prolactinoma is
crucial for optimal patient management since it is
reasonable to use cabergoline as first-line therapy
even in patients with visual field defects, unless visual
acuity is threatened by rapid progression or recent

tumor hemorrhage, in which cases, surgery is
indicated (Figure 2). Starting dose in patients with
large tumors threatening vision could be somewhat
higher than usual, as illustrated by a retrospective
case series of 14 patients with giant prolactinomas
and visual field defects who received cabergoline
starting doses of 0.5 mg twice or three times a week
with visual improvement in 85% of the cases (27).
Rapid escalation of cabergoline dose seems to be
safe but not more effective than conventional
treatment for the achievement of normoprolactinemia
and significant tumor shrinkage as shown by a
prospective randomized trial including 38 newly
diagnosed patients with macroprolactinomas, 68% of
them presenting with visual field defects (28). The
drop in prolactin levels may be seen as early as 24
hours after initiation of medical treatment, as
illustrated by the case of a 16-year old male patient
presenting with a giant invasive prolactinoma whose
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prolactin levels fell from 1,238,960 mIU/L (58,441
ng/mL) to 307,500 mIU/L (14,505 ng/mL) after a single
dose of cabergoline 0.25 mg (29,30). Vision often

starts to improve within days after the initiation of
dopamine agonist therapy and should be preferentially
monitored with serial Goldman perimetry tests.

Sellar mass + new onset
headache and/or loss of

vision
Evaluate associated signs and symptoms
(menstrual irregularity, galactorrhea, loss of
libido, infertility, etc)
MRI sugeestive of Urgent endocrine assessment (PRL, cortisol, IGF1,
a iglex -« TSH, free T4, LH, FSH, oestrogen or testosterone
poplexy levels, 24h urine volume and osmolality (if polyuria)
Consider hydrocortisone
Start glucocorticoid replacement if low cortisol
treatment/ monitor fluid D — levels and/or clinical features of
and electrolytes PRL adrenal insufficiency
Severe or persistent or /\
deteriorating field « PRL < 150-200ng/mL PRL > 150-200ng/mL
defects/consciousness level ¢ ¢
l Most likely stalk compression Most likely a
Consider surgical (consider medication history/possible prolactinoma
management physiological causes) l
l Start cabergoline and

Measure PRL after dilution to
exclude hook effect

Abscence of /\ Hook effect

hook efect

monitor clinical
features/visual
fields/PRL levels

1

present

Figure 2. Suggested management in patients presenting with a pituitary mass and new onset

compressive symptoms.

In non-emergent situations cabergoline is usually
initiated at 0.25-0.5 mg/week (taken initially carefully
with meal just before bedtime, to reduce nausea and
improve compliance), whereas the initial dose of
bromocriptine is 1.25 mg/day. About 40-50% of
patients, whose prolactin levels normalize and tumors
shrink to the point of non-visualization, can be tapered
off cabergoline after 1-2 years without tumor re-

expansion. Favorable predictors of successful
withdrawal include low maintenance doses of
cabergoline, treatment duration >2 years, and
substantial adenoma size reduction (5) Factors

associated with greater risk of recurrence are the
presence of pituitary deficits at diagnosis and higher

prolactin levels, at diagnosis and before withdrawal
(31)

A rare but significant side-effect of dopamine agonist
treatment is cerebrospinal fluid leakage (CSF) leak,
due to the rapid shrinkage of a large prolactinoma
allowing CSF to escape if significant damage is
present at the fossa floor (32). According to a
retrospective series of 38 patients with medically
induced CSF leaks (97% of them associated with
dopamine agonists), the average time from
initialization of medical treatment to onset of
rhinorrhea was 3.3 months (range 3 days-17 months),
but this adverse effect can also occur during long term
treatment (33). Patients should be advised to seek
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medical assistance if clear fluid appears and this
should be tested for beta-2 transferrin (20,34) or beta-
trace-protein (35), If positive, patients need urgent
neurosurgical input. Discontinuing dopamine agonist
therapy is not usually recommended as it may cause
recurrence of the tumor (36).

Dopamine agonist therapy has been implicated as a
precipitating factor for pituitary apoplexy in patients
with prolactinomas (37,38). Nonetheless,
prolactinomas are, by themselves, more prone to
bleeding, and the reported prevalence of pituitary
apoplexy in macroprolactinomas treated with
dopamine agonists, ranging from 1% to 6%, is not
significantly different from the rate recorded in
untreated prolactinomas (39). As opposed to the
normal pituitary, the vascularization of pituitary
adenomas is predominantly supported by a direct
arterial blood supply rather than the portal system
(40). Indeed, abnormal terminal arterioles have been
described in prolactinomas suggesting reduced blood
supply (41). Further precipitating factors which have
been associated with pituitary apoplexy are cerebral

angiography, surgical procedures, head trauma,
dynamic tests, anticoagulation therapy, and
pregnancy (40,42).

Pituitary apoplexy is a medical emergency and
treatment must be tailored to each patient after a
thorough evaluation by a multidisciplinary team,
including an endocrinologist, a neuroradiologist, an
ophthalmologist, and a neurosurgeon with expertise in
pituitary pathology. The optimal management of
pituitary apoplexy is still controversial, as some
patients recover normal visual and endocrine function
after conservative steroid-based management.
However, prolactinomas with an important bleeding
component may not significantly shrink under
conservative management and close surveillance is
mandatory. Surgical decompression is the most rapid
treatment to improve symptoms and relieve
compression of local structures and is indicated in
case of significant neuro-ophthalmic signs or reduced
levels of consciousness (43).

Rarely, vision deterioration may occur during
dopamine agonist treatment despite normalization of
prolactin levels and tumor shrinkage. An under
recognized complication of dopamine agonist therapy
in macroprolactinomas is optic chiasm herniation (the
optic chiasm which is pulled down into a partially
empty sella) which can be diagnosed by MRI (44,45).
Multidisciplinary team evaluation is indicated, and
treatment approaches include reduction/interruption of
dopamine agonist therapy or neurosurgery
(chiasmopexy).

A well-described side-effects of dopamine agonists
include psychiatric complications, such as depression,
anxiety, insomnia, hallucinations, and mania. More
recently impulse control disorders have also been
described in pituitary adenoma patients (20,46-49).
The underlying mechanism is related to an interaction
between the dopamine agonists and the D3 receptor
in the mesolymbic system (50). Impulse control
disorders can manifest as hypersexualism, gambling,
compulsive eating, compulsive shopping, and
“punding” (compulsive performance of and fascination
with repetitive mechanical tasks, for example
assembling and disassembling household objects or

collecting or sorting various items) (48), with
hypersexualism and gambling being the most
commonly  observed in pituitary  patients.

Hypersexualism has also been described in teenage
children (30). Although impulse control disorders are
infrequent, they have the potential to cause
devastating consequences on patients’ life and
clinicians should be sensitive to these potential side-
effects discussing it with the patient and patient’s
partner and/or family members at the start of treatment
and during long-term follow-up (48). Discontinuation of
the dopamine agonists usually reverses these side-
effects (47).

In some cases, prolactinomas appear to be resistant
to a dopamine agonist, but it is important to ensure
compliance and to be certain that the underlying lesion
is a prolactinoma and not some other cause of
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hyperprolactinemia. About 50% of patients resistant to
bromocriptine will then respond to cabergoline. Most
patients resistant to standard doses of cabergoline
respond to larger doses (51). T2-weighted MRI
intensity may aid as a tool for predicting response to
dopamine agonists. Prolactinomas showing T2-
weighted MRI signal heterogeneity are more common
in males, are usually larger, more secreting, and may
show poorer hormonal response to dopamine agonists
as compared with homogeneous prolactinomas (52).
In females, T2-weighted MRI tumor hypointensity has
been associated with higher prolactin levels at
diagnosis and dopamine agonists resistance (53).

Previous reports in patients taking cabergoline for
Parkinson’s disease have shown that doses >3
mg/day may be associated with cardiac valvular
abnormalities. Whether similar valvular changes occur
in patients receiving low-dose cabergoline for
treatment of hyperprolactinemia is still debatable;
common practice has been to perform periodic
echocardiograms every 12 to 24 months in patients
taking >2 mg/week (54). However, a clinically
significant association between low-dose cabergoline
and cardiac valvulopathy is not supported by a large
multicenter follow-up study (55). A meta-analysis of
case-control studies evaluating patients who had
received >6 months cabergoline treatment for
hyperprolactinemia reported an increased risk of mild
tricuspid regurgitation in the cabergoline-treated
patients compared to controls (56). Nevertheless,
these results were mainly influenced by the results
from a single center (57) and in the majority of the
reviewed studies there were no cases of moderate-
severe ftricuspid regurgitation in either group.
Furthermore, neither cumulative dose nor treatment
duration was associated with an increased risk of
moderate-severe valve lesions (56) and none of these
lesions were found as a result of cardiac symptoms.

According to the cross-sectional CATCH study
conducted among 174 community-based adults
(mean age of 49 years) receiving dopamine agonists
for >12 months for hyperprolactinemia and no cardiac-

related symptoms, cabergoline use and greater
cumulative cabergoline exposure (>115 mg) were
associated with a higher prevalence of valvular
regurgitation, i.e., =2 valves with grade 2+
regurgitation, compared with bromocriptine (58).
According to a joint position statement of the British
Society of Echocardiography, the British Heart Valve
Society and the Society for Endocrinology (59), a
standard transthoracic echocardiogram should be
performed before a patient starts dopamine agonist
therapy for hyperprolactinemia in order to detect any
pre-existing valve alterations. Repeat transthoracic
echocardiography should then be performed at 5
years after starting cabergoline in patients taking a
total weekly dose less than or equal to 2 mg. If there
has been no change on the 5-year scan, repeat
echocardiography could continue at 5-yearly intervals.
If a patient is taking more than a total weekly dose of
2 mg, then annual echocardiography s
recommended. Patients treated with <2.0 mg/week of
cabergoline who develop clinical signs or symptoms
potentially suggestive of valvular abnormalities should
undergo annual echocardiography if treatment is
continued. Decisions regarding discontinuation of
dopamine agonist therapy should only be made after
review of serial imaging by a cardiologist experienced
in analyzing drug induced valvopathy or carcinoid
heart disease. These recommendations diverge to
some extent from a recently published international
consensus statement of the Pituitary Society (5) which
recommends baseline echocardiography only if long-
term treatment with a weekly dose > 2 mg is
anticipated, echocardiographic monitoring every 2-3
years in patients taking more than a total weekly dose
of 2 mg, instead of annual cardiac examination, and,
in patients treated with < 1 mg per weak who have no
clinical signs of valvular dysfunction, some experts
suggested repeated examinations would not be
necessary.

An alternative approach is transsphenoidal surgery,
which has initial remission rates of approximately 75%
for microprolactinomas and 40% for macroadenomas,
and long-term recurrence rates of nearly 20% and
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35%, respectively, when performed by expert
neurosurgeons (60). Transsphenoidal surgery has
been usually reserved for patients with resistance or
intolerance to dopamine agonists,
macroprolactinomas with chiasmal compression and
visual deficits without rapid improvement on medical
treatment, or with acute tumor complications, such as
symptomatic apoplexy or cerebrospinal fluid leakage
(20). Complications of hypopituitarism, infections, and
bleeding are minimal, but increase proportionately
with tumor size. Nevertheless, reappraisal of the
position of surgery as a viable first line option
alongside dopamine agonists in the treatment
algorithm of adult patients with microprolactinomas
and well circumscribed macroprolactinomas (Knosp
grade 0 and 1) has been recently advocated by some
experts (5) based on the advance of surgical
techniques over the years, improved remission and
low complication rates of current transsphenoidal
surgery performed by experienced neurosurgeons
(61,62). Craniotomy for large tumors is rarely curative
and is fraught with much higher complication rates.
Radiation therapy is reserved for those patients with
macroadenomas not responding to either medical or
surgical treatment. Radiation therapy in all forms is
associated with a high rate of hypopituitarism that
develops gradually over many years. Temozolomide,
an orally-active alkylating chemotherapeutic agent, is
reserved for the treatment of aggressive
prolactinomas refractory to other treatment modalities
(63). Despite current limited experience, alternative
medical approaches for uncontrolled patients with
aggressive tumors include cytotoxic drugs, mTOR/Akt
inhibitors, tyrosine kinase inhibitors, anti-VEGF
monoclonal antibody, peptide receptor radionuclide
therapy, and immunotherapy (64).

FOLLOW-UP

The goals of treatment are to normalize prolactin
levels or at least bring them to levels at which
gonadal/reproductive/sexual function is normalized
and to decrease tumor size. As noted, according to
different series, nearly 80% of patients treated with

dopamine agonists will reach these prolactin goals
and achieve significant tumor size reduction (65-67).
Once prolactin levels have reached normal or near-
normal level, they can just be monitored every 3-6
months for the first year and then every 6-12 months
thereafter. Macroadenoma tumor size can be
monitored by serial MRI scans and once maximal size
reduction has been documented, further scans may
not be necessary as long as prolactin levels are being
monitored. Whether a second MRI scan is necessary
in patient with microadenomas is debatable if prolactin
levels are regularly monitored. It is extremely rare for
a tumor to increase in size without there being a
significant increase in prolactin levels. Visual field
testing should be repeated until the visual fields
normalize or remain stable and then do not need to be
repeated.

PREGNANCY

Dopamine agonists have to be given to allow ovulation
to occur and then are usually stopped once pregnancy
is diagnosed. In this fashion, the developing fetus has
been exposed to the drug for about 4-6 weeks. There
do not appear to be any risks for fetal malformations
or other adverse pregnancy outcomes with either
bromocriptine or cabergoline. A comprehensive
review confirms no impairments in maternal—fetal
outcomes in bromocriptine-induced pregnancies
(6272 cases) as well as in cabergoline-induced
pregnancies (1061 cases) regarding premature labor,
abortions, and fetal malformations (68). In a recent
multicenter study including 194 women (233
pregnancies) with prolactinomas the miscarriage rate
among women who discontinued cabergoline shortly
after pregnancy diagnosis was lower (7.5%) than in
those who maintained the medication by medical
advice or inadvertently (38%) (69). Despite the
potential effect of cabergoline on abortion rates, no
associations were observed between maintaining
cabergoline after the first trimester and preterm birth,
congenital malformations, or neurodevelopmental
changes. Dopamine agonists should be reinstituted
when breast-feeding is completed.
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Pregnancy is a risk factor for prolactinoma
enlargement, especially for macroprolactinomas, and
risk is increased in patients without prior surgery (5).
Symptomatic growth occurs in about 23% of
macroprolactinomas and about 3% of
microprolactinomas in the second or third trimester
due both to the stimulatory effect of the high estrogen
levels of pregnancy and the withdrawal of the
dopamine agonist that may have been restraining
tumor growth. In patients with growing or invasive
macroadenomas, preghancy can be recommended
once the gonadotrophic axis is restored and the tumor
is reduced within the sellar boundaries (68).
Maintenance of dopamine agonist therapy during
pregnancy is an option, particularly in patients who
have not had prior surgical or radiation therapy of if the
tumor is abutting the optic chiasm (5,19).

A recent joint position statement from the Brazilian
Societies of Endocrinology and Gynecology
recommends dopamine agonists for at least one year
to reduce tumor dimension to less than 10 mm in
patients with macroprolactinomas who wish to
become pregnant. If the tumor reduces in size,
discontinuation of the medication once pregnancy is
confirmed may be discussed (45). Otherwise, pituitary
surgery should be considered. Pre-pregnancy
adenoma debulking could increase the chance to
avoid symptoms from tumor enlargement during
pregnancy. If transsphenoidal surgery is performed
prior to pregnancy, the risk of symptomatic
macroprolactinoma enlargement is reduced from 21%
to 4.7% (5,70).Nevertheless, patients undergoing
pituitary surgery before pregnancy should be informed
of the potential risk of hypopituitarism and its impact
on fertility. Most experts recommend surgery in
women with macroprolactinomas who wish to become
pregnant if the tumor is close to optic structures and
do not experience pituitary tumor shrinkage during
dopamine agonist therapy or who cannot tolerate
dopamine agonist therapy (5,19).

Visual field testing should be carried out each
trimester in patients with macroadenomas but in those
with microadenomas only when they develop visual
symptoms or progressive headaches. MRI scans
(without gadolinium) are done in those patients who
develop visual field defects or severe headaches
when a therapeutic intervention is contemplated.
Prolactin levels may rise during pregnancy when there
is no tumor size change and some tumors enlarge
without an associated rise in prolactin; therefore,
measurement of prolactin during pregnancy need not
be carried out, as the results can be misleading. When
there is evidence of significant symptoms and tumor
growth, the patient should be restarted on the
dopamine agonist that was discontinued at conception
(71). Again, there are fewer data with cabergoline than
bromocriptine but there is no particular reason to favor
one versus the other in this context. Transsphenoidal
surgical decompression can be performed if there is
an unsatisfactory response to the dopamine agonist.
Delivery of the baby and placenta can also be initiated
if the pregnancy is sufficiently advanced.

Pituitary apoplexy during pregnancy is a rare event,
estimated to occur in about 1 in 10,000 term
pregnancies and, on numerous occasions, it can be
the first clinical manifestation of a pituitary tumor (43).
The pathogenesis of pituitary apoplexy during
pregnancy is suggested to include compromised blood
supply to the pituitary gland due to the physiological
gestational growth of the lactotroph cells and the
compression of blood vessels which, in combination
with a prothrombotic state of pregnancy may
predispose to infarction or hemorrhage. According to
a recent review of 25 cases of prolactinomas
complicated by apoplexy during pregnancy (72),
pituitary apoplexy mostly occurred during the second
or third trimester. The main presenting symptom was
sudden severe headache, followed by Vvisual
disturbances. Dopamine agonists had been
discontinued at the diagnosis of pregnancy in all
cases. Microadenomas accounted for 9 out of 25
cases. Half of the prolactinomas, whether
microprolactinomas or not, were managed
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conservatively, with dopamine agonist therapy and
hormone replacement when necessary. In the other
half of patients, surgery was performed. Healthy
babies were born at term in most of the cases.

CHILDREN AND ADOLESCENTS

Despite the rarity of pituitary adenomas in this age
group, prolactinoma is the most common adenoma
type in children and adolescents, affecting
approximately 100,000 patients every year (73).
Although prolactinomas may be diagnosed before
puberty, an adolescent presentation is more typical
(74). Many aspects of the care for children and
adolescents with prolactinomas are similar to those in
adults; however, key differences exist, particularly in
presentation and etiology. For that reason, children
and adolescents with pituitary adenomas, including
prolactinomas, should be treated by a pituitary specific
multidisciplinary team, with experts from both pediatric
and adult practice aiming to achieve optimal care,
improved quality of live and reducing potentially
serious life-changing and life-limiting sequelae
(15,75).

Pediatric patients with hyperprolactinemia may display
delayed or arrested puberty, growth failure, menstrual
disturbances, including primary or secondary
amenorrhea (in post-menarche girls), galactorrhea,
and gynecomastia (in boys). Of course, gynecomastia
is very common in adolescent boys even in the
absence of hyperprolactinemia. Of note, up to 50% of
children or adolescents with macroprolactinomas may
present with overweight or obesity at diagnosis and
weight gain may be the main complaint in some
patients (76). As macroprolactinomas, including giant
prolactinomas, are more common in this age group
compared to adults (77), mass effects, such as
headaches and visual field loss, are frequently
observed and are more common in boys than in girls.
Visual assessment in children and adolescents should
be done with age-specific tests, including assessment
of visual acuity (ideally with logarithm of the minimum
angle of resolution measurement), visual fields (ideally

Goldmann perimetry), fundoscopy (with or without
color vision) and, in patients with potentially severe
deficits, optical coherence tomography (75). Pituitary
hemorrhage resulting in apoplexy seems to be more
common within prolactinomas in children than in
adults. (78). Therefore, the level of suspicion for
potential apoplexy in children with prolactinoma and
new headache, visual loss or other sudden symptoms
should be high.

Genetic testing should be offered to all children and
adolescents with prolactinomas. In a retrospective
series of 77 patients with macroprolactinomas
diagnosed before the age of 20, 14% had a genetic
etiology (5% MEN 1 and 9% AIP) (76). Further rare
germline abnormalities described include MEN-1 like
due to MAX variants and pheochromocytoma-
paraganglioma gene related pituitary disease (3PA)
due to SDHXx variants, as previously mentioned. In
regards to biochemical evaluation, serum prolactin
concentrations need to be interpreted according to
pubertal status and sex. Pediatric cohort studies of
prolactinomas report diagnostic serum PRL
concentrations above 4,000 mlU/L (188 mcg/L),
although lower levels may be seen in patients with
microprolactinomas (74,76). As in adults, IGF-1
should be also evaluated to rule out mixed GH and
prolactin hypersecretion and should be interpreted
according to age and sex-specific reference ranges.
Few cases of macroprolactinemia have been reported
in the pediatric population (79,80), so assessment of
baseline macroprolactin levels should be performed
where serum prolactin is found to mildly or incidentally
elevated. As with the adult population, serial dilutions
of serum for prolactin measurement should be ordered
in patients with large lesions and normal or mildly
elevated PRL levels to exclude a “high dose hook-
effect”.

Medical treatment with a dopamine agonist is first line
treatment in children and adolescents with
prolactinomas. Several studies conducted in the
pediatric population have shown that dopamine
agonists reduce clinical symptoms and prolactin levels
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as well as induce tumor shrinkage (73,81).
Cabergoline is the agonist of choice due to its superior
effectiveness and lower adverse effect profile, even in
the presence of visual disturbance and pituitary
apoplexy, while carefully monitoring for any
deterioration in vision, pituitary function, or general
status. Dopamine agonist therapy is initiated at low
doses (for example, 0.25 mg per week of cabergoline),
with slow dose increases due to increased probability
of adverse effects in children. The frequency of dose-
independent psychological intolerance, including
mental disorders and behavioral problems, seems to
be higher in children and adolescents than in adults
(82). Maintenance doses do not differ from the adult
population, with most patients achieving treatment
goals with conventional doses (up to 2 mg/week). For
resistant cases, the dose may be increased to 3.5
mg/week or up to 7 mg in exceptional cases. Although
successful dopamine agonist discontinuation has
been achieved in children and adolescents, younger
patients and those with high serum prolactin
concentrations at diagnosis are less likely to achieve
complete remission (81). To date, cardiac valvopathy
in children and adolescents treated with dopamine
agonists for hyperprolactinemia has not been
reported. Nevertheless, considering potential longer
treatment duration and larger cumulative doses in the
pediatric  population, surveillance for cardiac
valvopathy with echocardiography is recommended
such as in the adult population.

In children and adolescents with prolactinomas,
neurosurgical intervention should be considered if
vision deteriorates or does not improve on medical
therapy or if dopamine agonist resistance, escape or
intolerance occurs. Pediatric series report lower
surgical remission rates than in adults, most likely due
to the higher incidence of proportionately larger
prolactinomas in children and adolescents, as well as
a possible higher frequency of new and permanent
pituitary hormone deficiencies after surgery (83,84). If
surgery is indicated, it should be performed by
experienced pituitary surgeons in age-appropriate
neurosurgical units. Endoscopic rather than

microscopic transsphenoidal surgery should be
considered for its potentially superior efficacy in
preserving pituitary function in this age group (85,86).
Radiotherapy is reserved for exceptional patients who
need control of tumor growth where other treatment
modalities are not available or have been exhausted
(75).

For follow-up imaging, particularly in macroadenomas,
gadolinium-containing contrast agents should be used
judiciously since low-level gadolinium deposits in the
dentate nucleus and globus pallidus have unknown
neurological impact. Unenhanced T1-weighted and
T2-weighted MRI sequences should be considered
during follow-up in pediatric patients, especially if good
quality enhanced images have been obtained at
diagnosis (87,88). If gadolinium-containing contrast
agents are necessary, macrocyclic or newer linear
contrast agents are preferred until further studies
clarify possible long-term retention risks.
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