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Abstract

Sections

This Consensus Statement from an international, multidisciplinary
workshop sponsored by the Pituitary Society offers evidence-based
graded consensus recommendations and key summary points for
clinical practice on the diagnosis and management of prolactinomas.
Epidemiology and pathogenesis, clinical presentation of disordered
pituitary hormone secretion, assessment of hyperprolactinaemia

and biochemical evaluation, optimal use of imaging strategies and
disease-related complications are addressed. In-depth discussions
present the latest evidence on treatment of prolactinoma, including
efficacy, adverse effects and options for withdrawal of dopamine
agonist therapy, as well as indications for surgery, preoperative
medical therapy and radiation therapy. Management of prolactinoma
in special situationsis discussed, including cystic lesions, mixed
growth hormone-secreting and prolactin-secreting adenomas and
giantand aggressive prolactinomas. Furthermore, considerations

for pregnancy and fertility are outlined, as well as management of
prolactinomas in children and adolescents, patients with an underlying
psychiatric disorder, postmenopausal women, transgender individuals
and patients with chronic kidney disease. The workshop concluded
that, although treatment resistance israre, there is a need for additional
therapeutic options to address clinical challenges in treating these
patients and a need to facilitate international registries to enable risk
stratification and optimization of therapeutic strategies.
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Consensus statement

Introduction

The Pituitary Society published guidelines on diagnosis and manage-
ment of prolactin-secreting adenomas (referred to hereafter as prolac-
tinomas) in 2006 (ref. 1) and in conjunction with the Endocrine Society
in 2011 (ref. 2). This updated Consensus Statement considers new evi-
dence that has markedly influenced clinical practice, includingincor-
poration of transcription factors into pituitary adenoma classification®,
long-term adverse effects of dopamine agonist therapy*, outcomes fol-
lowing dopamine agonist withdrawal® and advances in surgical tumour
resection®™’. In addition, management during pregnancy'* ™, effects
of hyperprolactinaemia on bone and fracture risk>, management of
cystic and aggressive prolactinomas™, and prolactinomas in children
and transgender patients are covered. Unless otherwise specified, the
text refers to ciswomen and cismen, when the terms men and women
are used.

Methods

The Pituitary Society hosted a virtual consensus workshop on the
diagnosis and management of prolactinoma in January 2022. Work-
shop co-chairs (S.P., S.M., F.F.C.) and Pituitary Society Programme
co-directors (M.F., A.G.) identified topics related to prolactinoma
diagnosis and management to be addressed, and 36 experts in the
clinicalmanagement of pituitary disease representing 13 countries with
different health-care systems participated in the workshop. Speakers
were selected by the organizers according to their expertise for the
specific topicbased ontheir publication record and recognized stand-
ing in the field. The speakers summarized key data on their assigned
topicsin15-min, fully referenced slide-lecture presentations recorded
approximately 1 month prior to the workshop. Speakers and mod-
erators critically reviewed English language PubMed-indexed papers
published before January 2022. Search termsincluded ‘prolactinoma’,
‘prolactin-secreting adenoma’ and terms associated with topics for dis-
cussion, including ‘epidemiology’, ‘pathogenesis’, ‘clinical symptoms’,
‘assessment’, ‘imaging’, ‘complications’,‘dopamine agonists’, ‘surgery’
and ‘radiation therapy’. Lectures were recorded, and a summary of
key findings, which workshop participants were invited to review and
commentoninadvance, was prepared.

During the 2-day meeting, speakers provided 5-min highlight
summaries of their assigned topics, participants were divided into
breakout groups for extended discussions and then reported their
conclusions and comments to the entire group. Recommendations
were proposed by each session’s chair for majority vote by workshop
participants. In cases of dispute or close votes, recommendations were
reformulated and proposed again for voting and consensus. After the
meeting, consensus recommendations, slide-lecture presentations,
summaries and discussion points were collated, and a draft manuscript
was prepared by the lead authors (S.P., M.F.,S.M.).

Based on principles for grading of evidence for guidelines™',
as well as on previously published Consensus Statements from the
Pituitary Society”, consensus recommendations were graded as weak or
strong based onthe quality of the evidence (Box 1). Recommendations
and discussion points were circulated to all participants for review and
morerecentdata (January 2022 toJanuary 2023) identified inliterature
reviews using the keywords from the original searches were added
as appropriate. The draft manuscript was circulated to all authors in
three rounds prior to their final approval. Consensus recommenda-
tions and key points are presented and additional background discus-
sion and supporting references are included in the Supplementary
Information.

Background
Epidemiology
« Microprolactinomasrarely proliferate and are of low concern for
persistentlong-term adenoma growth (strong).
» Macroprolactinomas, especially in men, have a different clinical
prognosis compared with microadenomas and require closer
follow-up (strong).

Prolactinomas, which are most commonly benign prolactin-
secreting adenomas derived from lactotrophs, account for 50% of
all pituitary adenomas in both women and men. At age 25-44 years,
prolactinomas predominantly affect women, with a female to male
ratio of 5:1t010:1, whereas after menopause the ratio equalizes'. The
standardized incidence rate in women is three times higher thanin
men. Theratio between macroprolactinomas and microprolactinomas
isapproximately 1:8 inwomen and 4:1in men.

Microprolactinomas (<10 mmin maximal diameter) are the most
frequent type of prolactinoma and seldom grow into macroprolacti-
nomas (=10 mmdiameter). Giant prolactinomas (macroprolactinomas
>40 mm) arerare'. Over the past two decades, studies indicate a higher
prevalence of prolactinomas than previously predicted’. Incidence
and prevalence rates are depicted in Supplementary Table 1 and
described in Supplementary Box 1.

Molecular pathogenetic mechanisms
» MENIgermline mutationscreening could be consideredin patients
with a family history of pituitary adenomas and in patients aged
<30 years old with macroadenomas (weak).
» Somatic mutation screening should not be routinely performed
(strong).

Molecular mechanisms for prolactinoma pathogenesis require
further elucidation. Prolactinomas are mostly sporadic monoclonal
neoplasms®*”, implying a somatic genetic event that confersagrowth
advantage. A hotspot somatic mutation in splicing factor 3 subunit B1
(SF3BI**") was identified in 20% of prolactinomas in one series and
was associated with higher serum levels of prolactin and potentially
more aggressive behaviour than prolactinomas without this mutation®.
Prolactinomas are very rarely associated with germline mutations and
whenthese are present, onset of disease usually occurs atayounger age
thanwith somatic mutations. Macroprolactinomasinindividuals with
multiple endocrine neoplasia type 1 (who have germline mutations
in MENI) are more aggressive than in those without these mutations, and
prolactinomas with MENI mutations could be resistant to therapy>**.
By contrast, microprolactinomas with MENI mutations might be less
aggressive than previously thought®. As pathogenic AIP variants are
very rarely detected, screening is not recommended in order to avoid
unnecessary testing and cost.

See Supplementary Box 1 for further discussion.

Clinical presentation
Hyperprolactinaemia and hypogonadism

» The presence of a sellar mass on imaging requires evaluation for
hyperprolactinaemia (strong).

« Galactorrhoea should trigger investigation for hyperprolac-
tinaemia, except for known physiological reasons (for exam-
ple, pregnant or lactating women) (strong). Importantly,
absence of galactorrhoea does not exclude hyperprolactinaemia
(strong).
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« Loss of libido and/or infertility, new-onset menstrual irregulari-
ties or amenorrhoea in women, as well as erectile dysfunction
and/or hypogonadotrophic hypogonadismin men, should trigger
investigation for hyperprolactinaemia (strong).

« Prolactin-secretingadenomas have beenassociated withincreased
likelihood of obesity and the metabolic syndrome (weak).

Increased prolactin secretion during stress, pregnancy and lac-
tation inhibits hypothalamic kisspeptin neuron function, and con-
sequently reduces gonadotrophin-releasing hormone (GnRH)
production®. Prolactinoma clinical presentation in part reflects
prolactin-induced suppression of the hypothalamic-pituitary-
gonadal axis that usually reverts after normalization of prolactin serum
levels”, although hypogonadism can persist, especially in men with
macroprolactinoma®?’,

Hyperprolactinaemialeads to oligomenorrhoea oramenorrhoea
with or without galactorrhoea in women and erectile dysfunction in
men, while loss of libido and infertility are observed in both sexes™.
Although obesity is reportedly fourfold more prevalent in individu-
als with prolactinoma versus those with non-functioning pituitary
adenoma®, this disorder probably occurs secondary to associated
hypogonadism (see Supplementary Box 2 for further discussion).

Based onavailable data, screening for hypogonadotrophic hypo-
gonadisminmenandin premenopausalwomenwith microprolactinoma
and macroprolactinoma is probably warranted.

Other pituitary hormone deficiencies before and after
treatment
« Macroprolactinomas and, less frequently, microprolactinomas
can cause growth hormone (GH), thyroid-stimulating hormone
(TSH) and adrenocorticotrophic hormone (ACTH) axis deficien-

Box 1

Grading of evidence and
recommendations

Based on principles for grading of evidence for guidelines''® as
well as on previously published consensus statements from the
Pituitary Society".

Evidence

e \ery low quality: expert opinion supported by one or a few small
uncontrolled studies

e Low quality: supported by large series of small uncontrolled
studies

e Moderate quality: supported by one or a few large uncontrolled
studies or meta-analyses

¢ High quality: supported by controlled studies or large series of
large uncontrolled studies with sufficiently long follow-up

Recommendations
e Weak: based on very low quality or low quality evidence
¢ Strong: based on moderate quality or high quality evidence

cies. Patients should be evaluated for associated clinical features,
tested for pituitary hormone deficiencies and appropriately
treated per standard guidelines (strong).

« Surgical resection of prolactinomas canresolve hypopituitarism
but canalso cause new-onset deficiencies. Postoperative retesting
isrecommended (strong).

Prevalence and clinical course of GH, TSH and/or ACTH deficien-
ciesinpatients with prolactinomaare derived largely from retrospec-
tive studies and are less well delineated compared with hypogonadism.
Hormone deficiencies are more frequently encountered in patients
with macroprolactinomathanin those withmicroprolactinoma®>*,Ina
study in 81 men, prevalence of pretreatment TSH or ACTH deficiency
was 6.7% and 0%, respectively, for macroprolactinomas 10-19 mm in
size,17.9% and 6.9%, respectively, for macroprolactinomas 20-39 mm
in size and 26.1% and 33.3%, respectively, for giant prolactinomas
>40 mminsize®.

As surgery and radiation can each induce hypopituitarism,
the post-treatment evaluation timeline should be individualized?
(see Supplementary Box 2 for further discussion).

Screening for GH, TSHand ACTH deficiencies® in all patients with
macroadenoma and microadenoma 6-9 mm in size at diagnosis was
discussed; the consensus was to retest pituitary function after effective
dopamine agonist therapy depending on baseline pituitary deficien-
cies and mass extension, as well as prolactin and adenoma response.
Screening for GH, TSH and ACTH deficiencies was recommended for
those undergoing surgical resection and retesting approximately
6-12 weeks after surgery was recommended depending on baseline
adenoma size, surgical findings and postoperative symptoms. Some
participants concluded that patients with a hormonal deficiency at
diagnosis, as well as those with prolactinoma >6 mm in size should all
be retested after surgery.

Initial assessment
Causes of hyperprolactinaemia

« Patients with hyperprolactinaemia but serum levels of prolactin
less than five times the upper limit of normal (ULN) should undergo
repeat prolactintesting (strong). Cannulated prolactin sampling
isrecommended if an influence of stress is suspected (strong).

- Ingeneral, pituitary adenoma size and serum levels of prolac-
tin correlate; discrepancy should trigger consideration of other
possible causes (strong).

* Medication use should be rigorously reviewed to exclude
drug-induced hyperprolactinaemia (strong).

« Primary hypothyroidism, renal insufficiency and liver failure
should be recognized as causes of mild hyperprolactinaemia
(strong).

« Pregnancy should not be overlooked as a cause of
hyperprolactinaemia (strong).

Prolactin secretion is under chronic inhibitory control by
hypothalamus-derived dopamine® (Fig. 1). Dopamine traverses the
pituitary stalk and suppresses prolactin production and lactotroph
proliferation via D2 receptors (D2R). These inhibitory actions are
opposed by oestrogen.

The most common pathological cause of hyperprolactinaemia
is excess prolactin production by a prolactinoma®-**, However, para-
sellar orintrasellar masses impinging on the pituitary stalk, including
non-secreting pituitary adenomas, can compromise dopamine flow and
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cause hyperprolactinaemia (Box 2). Hence, elevated serum levels of pro-
lactin (up to six times ULN)***° might reflect a hypothalamic-pituitary
lesion or evidence of local trauma, surgery, radiation, skull fracture or
internal carotid artery aneurysm*. Pituitary adenoma size-adapted
cut-offs for prolactin might distinguish true prolactinomas from other
pituitary lesions*.

Oestrogens potently induce hyperprolactinaemia, but the influ-
ence of oral contraceptives on prolactinoma development is contro-
versial. In a case-control analysis, there was a mildly increased risk
of prolactinoma with menopausal hormone therapy as well as with
combined oestrogen-progesterone oral contraceptives, but the risk
with oral contraceptives was not present in the prospective cohort
analysis* (see Supplementary Box 3 for discussion of prolactin excess
inpregnancy).

Primary hypothyroidism can present with hyperprolactinaemia,
which is reversible with thyroid hormone replacement. Intracranial
hypotension can cause hyperprolactinaemia**. Stress (for example,
due to venipuncture) can induce a twofold to fourfold rise in serum
levels of prolactin that lasts for <1 h. Repeated or cannulated prolac-
tin venipuncture sampling for testing is recommended with serum
levels of prolactin less than five times ULN or if an influence of stress
is suspected**°. Physiological prolactin increases can occur after
exercise, high-protein meals and alcohol consumption**¢, Patients
with polycystic ovary syndrome (PCOS) require further evaluation of
elevated serum levels of prolactin, as PCOS per se is rarely associated
with hyperprolactinaemia®.

High prolactin with lymphocytic hypophysitis could reflect either
autoimmune cell actions or astalk effect®®. Hypophysitis should be con-
sidered with apparently idiopathic hyperprolactinaemia®. Prolactin
co-secretion with GH in acromegaly or with TSH in thyrotrophinoma
is due to either plurihormonal adenoma or a stalk effect™.

Many drugs acting as dopamine antagonists or as serotonin
agonists can cause hyperprolactinaemia and galactorrhoea™ (Box 2).

Biochemical evaluation

 Inpatientswithinconsistent symptoms and variable serum levels
of prolactin, false-positive or false-negative results should be
suspected (strong).

- Standardprolactin assay reference ranges might not be sufficiently
validated to recognize mild hyperprolactinaemia (weak).

« Serum samples with prolactin levels above the upper detection
limit should be diluted to provide an exact value (strong).

» Macroprolactinaemia should be evaluated in patients with mod-
erately increased serum levels of prolactin (<200 ng/ml), at least
inthose with discordant clinical orimaging findings (strong).

« With inconsistent symptoms and inconsistent measurement
values for prolactin, biotin exposure or heterophilic or human
anti-animal antibodies, although rare, should be considered as a
cause of erroneous laboratory results (strong).

 In patients with giant adenoma and typical features of hyper-
prolactinaemia but normal or slightly elevated serum levels of
prolactin, samples should be re-measured after 1:100 dilution to
exclude a high-dose hook effect (strong).

A correct biochemical diagnosis of hyperprolactinaemia is
a prerequisite for further investigation, but can be hampered by
potentially overlapping conditions associated with increased meas-
urement values for prolactin***°, Suspicion of an assay artefact should
arise in patients whose symptoms and biochemical results are not

[— Hypothyroidism

TRH

VIP

Hypothalamus

Suprasellar and
—————infundibular
lesions
Hypophyseal
portal system Select pharmacological
agents (antipsychotics,
F—————— antidepressants,

neuroleptics, opiates
\ or opioids)
Pituitary

stalk

Anterior
pituitary N

Prolactinoma

/

Tk 1]

Oestrogen

Posterior
pituitary

Renal insufficiency
or failure

N
[Renal cearance |

Fig.1|Neuroendocrine regulation of prolactin secretion. Dopamine traverses
the hypophyseal portal system from the hypothalamus to the anterior pituitary,
whereit binds the dopamine 2 receptor (D2R) and blocks prolactin secretion.
Suprasellar and infundibular lesions involving the stalk and pharmacological
agents with antagonist activity at the D2R can resultinanincrease in prolactin
secretion. By contrast, thyrotrophin-releasing hormone (TRH) and vasoactive
intestinal peptide (VIP) from the hypothalamus stimulate prolactin secretion in
the pituitary, as does oestrogen. Prolactin is systemically cleared by the kidney,
so chronic kidney insufficiency can cause elevated serum levels of prolactin.

consistent. Assay errors, macroprolactinaemia and high-dose hook
effectareall possiblereasonsforfalse-positive or false-negative prolactin
measurements (Fig. 2).

Prolactin assays. Prolactin is usually measured by immunoassay,
calibrated against the WHO 84/500 international standard contain-
ing exclusively 23 kDa monomeric human prolactin. A diagnosis
depends on well-established assay-specific and sex-specific refer-
ence intervals. However, published upper limits are lower than those
presented by most manufacturers®, normal values are higher inwomen
than in men and different measurement units might be provided
(thatis, 1 pg/l =21.2 mIU/I). Stimulation and suppression tests yield
non-specific results and have been largely abandoned®.

Macroprolactinaemia. The major circulating form of prolactin has a
molecular weight of 23 kDa, in contrast to ‘big’ prolactin (40-60 kDa)
and ‘big-big’ prolactin (>150 kDa). In10-25% of individuals with hyper-
prolactinaemia, big prolactin and big-big prolactin might be detect-
able in serum®®. Anti-prolactin autoantibodies (mostly IgG) bound
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to prolactin contribute to big-big prolactin and therefore to macro-
prolactinaemia. As these variants interfere with prolactin assays but
are biologically inactive, most patients with macroprolactinaemia
lack typical clinical symptoms of hyperprolactinaemia®. Prolactin
recovery after polyethylene glycol precipitation can usually distin-
guish between macroprolactinaemiaand true hyperprolactinaemia®
(see Supplementary Box 3).

Hook effect. In two-site immunoradiometric or chemiluminometric
assays, incubation with extremely high concentrations of prolactin
saturates both antibodies and prevents sandwich formation, result-
ing in the so-called hook effect. Thus, patients with very high serum
levels of prolactin might show only moderately elevated levelsin assay
measurements. The hook effectis rarely encountered in current assays,
but should be considered when prolactin level is only mildly elevated
and clinical suspicion for amacroprolactinomai s high®’.

Box 2

Imaging
MRI

* MRIshould be performed in patients with confirmed hyperpro-
lactinaemia at diagnosis (if no other non-adenomatous causes
for hyperprolactinaemia are evident), to demonstrate pituitary
adenoma response to medical treatment, and to establish base-
line status 3-6 months after surgery (strong). Timing of MRI after
medical therapy initiation depends on adenomasize, proximity to
the optic chiasm and prolactin response to therapy.

 Follow-up imaging frequency should be based on clinical, bio-
chemical and histological factors, as well as previous imaging
results (strong).

« Serialimaging should be performed for treatment-resistant pro-
lactinoma; new onset of symptoms, including visual changes,
headaches or galactorrhoea; new-onset pituitary dysfunction; and
evidence of anew increase in serum levels of prolactin (strong).

Aetiology of hyperprolactinaemia

Physiological
Pregnancy; breast or nipple stimulation; stress; sleep; coitus;
exercise.

Pathological

Hypothalamic-pituitary stalk damage

Adenomas; craniopharyngioma; Rathke's cleft cyst; suprasellar
pituitary mass extension; meningioma; dysgerminoma;
hypothalamic or pituitary metastases; granulomatous disorders;
infiltrations; pituitary and/or brain irradiation; intracranial
hypotension; trauma (pituitary stalk section, sellar surgery,
severe head injury).

Pituitary

Prolactinoma; acromegaly; macroadenoma (compressive);
idiopathic; plurihormonal adenoma; lymphocytic hypophysitis;
parasellar mass.

Non-pituitary disorders

Ectopic prolactin secretion; primary hypothyroidism; chronic renal
failure; cirrhosis; pseudocyesis; epileptic seizures; malnutrition;
anorexia nervosa; chest (neurogenic, chest wall trauma, piercings,
surgery, herpes zoster).

Genetic
Inactivating mutation in the gene encoding prolactin receptor (PRLR).

Pharmacological

Dopamine receptor blockers

Phenothiazines (chlorpromazine, perphenazine); butyrophenones
(haloperidol); thioxanthenes; metoclopramide; domperidone;
alizapride.

Dopamine synthesis inhibitors
a-Methyldopa.

Catecholamine depleters
Reserpine.

Cholinergic agonists
Physostigmine.

Antihypertensives
Labetalol; reserpine; verapamil.

H, antihistamines
Cimetidine; ranitidine.

Oestrogens
Oral contraceptives (controversial, see discussion in text).

Anticonvulsants
Phenytoin.

Neuroleptics

Chlorpromazine; risperidone; promazine; promethazine;
trifluoperazine; fluphenazine; butaperazine; perphenazine;
thiethylperazine; thioridazine; haloperidol; pimozide; thiothixene;
molindone.

Opiates and opiate agonists
Heroin; methadone; apomorphine; morphine.

Antidepressants
Tricyclic antidepressants; selective serotonin reuptake inhibitors.

Adapted with permission from ref. 38, Elsevier.
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Indications to measure prolactin

JI 1

Clinical

 Galactorrhoea

o Loss of libido

o Infertility

o Menstrual cycle abnormality
or erectile dysfunction

Laboratory
¢ Hypogonadotrophic
hypogonadism

l

Imaging
e Sellar mass

Inconsistent or equivocal Prolactin Prolactin <200 ng/ml
Consider re-evaluation: Consider:
o ULN well established? e Stress

- Repeat assay * Medications
e Prolactin <5 x ULN? e Hypothyroidism

- Repeat or cannulated sampling . o Renal insufficiency
e Asymptomatic? | _____._. Prolactin>200ng/mt | e Liver disease

- Exclude macroprolactin “~.\ '_." * Pregnancy

BRIN e
MRI

Adenoma with moderately Large adenoma with mildly
elevated prolactin J l elevated prolactin
o Consider non-prolactinoma » Consider high-dose hook

stalk effect effect

Prolactinoma

Fig. 2| Diagnostic algorithm for prolactinoma. Clinical signs and symptoms
of hyperprolactinaemia, laboratory findings of hypogonadotrophic
hypogonadism or sellar mass on MRIshould all trigger evaluation of prolactin.
If moderately elevated blood levels are observed (<200 ng/ml), diagnoses other
than prolactinoma should be considered. Equivocal or questionable results

inconsistent with clinical findings should prompt further investigation related
to diagnostic procedures. If prolactin levels are >200 ng/ml, prolactinomais
more probable than other diagnoses. Imaging results inconsistent with clinical
findings should prompt investigation for non-prolactinoma stalk effect,

or high-dose hook effect. ULN, upper limit of normal.

« Dynamicgadolinium-based MRI contrast enhancementisimpor-
tant for initial diagnosis of prolactinoma (strong). For follow-up
MRIs, gadoliniumshould be used judiciously; macrocyclic chelates
are preferred over linear chelates until further studies clarify
possible long-term retention risks (strong).

+ Gadolinium should be used with caution in patients with chronic
kidney disease (CKD) owing to the risk of nephrogenic systemic
fibrosis (strong).

« Patients with pituitary adenoma at high risk of aggressive
behaviour require closer surveillance (strong).

MRIis the recommended imaging modality for diagnosing pitui-
taryand parasellar lesions, as well as for follow-up monitoring of treated
or untreated pituitary adenomas®*. However, repeat imaging incurs
a cost burden and the possible retention of linear gadolinium-based
contrast agents has been reported®>®*; thus, determining the optimal
imaging frequency to safely assess treatment response is paramount,
but the evidence is sparse. Macroprolactinoma expansion is usually
accompanied by biochemical and clinical changes®**, and serum
levels of prolactin usually correlate with adenomassize, but exceptions
occur®*®, As microadenomas not treated with dopamine agonists
rarely increase in size, MRI (as an adjunct to prolactin monitoring)
is typically warranted only with suspected adenoma growth or optic
chiasm proximity or to evaluate surgical possibilities®>".

Prolactinomas are typically mildly hyperintense on T2-weighted
MRI®, Men might exhibit a heterogeneous T2 intensity signal that

reflects necrosis and haemorrhage and that might be associated with
increased serum levels of prolactin and less effective dopamine agonist
response compared withahomogeneous adenoma®’°. T2 hypointen-
sityinwomen has been associated with dopamine agonist resistance”’.
Increased T2 hyperintensity occurs with dopamine agonist treatment,
although this increase might not be noticeable in haemorrhagic or
highly hyperintense adenomas. T2 echo gradient imaging might be
useful for diagnosing haemorrhage.

Timing after medical therapy. For macroprolactinomas, MRIshould
be repeated at 3-6 months after the start of dopamine agonist treat-
ment,asareductioninsize at3 months after starting cabergoline could
predict further long-term response and/or biochemical control”. For
microprolactinomas, re-scanning depends on clinical and biochemical
follow-up, but can be repeated after 1year, or at least when consider-
ing withdrawal of dopamine agonists. As adenoma growth can occur
with biochemically resistant prolactinomas treated with dopamine
agonists, follow-up imaging should be considered for persistently
elevated or rising serumlevels of prolactin. If shrinkage is not demon-
strated with dopamine agonists and the initial serum level of prolactin
isnot unequivocally indicative of prolactinoma, astalk effect duetoa
non-functioning adenoma should be reconsidered.

For treatment-responsive microprolactinomas and macropro-
lactinomas, serial imaging beyond 1 year is not necessary unless
serum levels of prolactin persistently increase®>”>. However, partially
responsive macroprolactinomas or those close to the optic chiasm
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might require periodic annual imaging for the first 3 years and less
frequently thereafter®. Symptoms suggestive of pituitary apoplexy
warrant promptimaging.

Discordant results showing normalization of prolactin serumlev-
els without substantial mass shrinkage, or notable shrinkage without
complete normalization of prolactin serum levels, could be encoun-
tered. Although prolactin serum levels often normalize within the
first 6 months™, and substantial mass shrinkage can also occur early,
some prolactinomas only slowly decrease in size over several years of
dopamine agonist therapy.

When dopamine agonist withdrawal is being considered, an
absence of residualadenoma on MRlis a favourable prognostic factor
for lack of recurrence*”>”®. MRI should be performed after dopamine
agonist withdrawal if serum levels of prolactin rise progressively or if
headaches, vision changes or pituitary dysfunction develop.

Timing after surgery. MRIshould be performed 3-6 months postop-
eratively toestablishanewbaseline. Serialimaging might be performed
for dopamine agonist-resistant, partially resected adenomas at initial
imaging intervals of 6-12 months. Completely resected adenomas
should be re-imaged only if serum levels of prolactin rise, or if head-
aches, vision changes or pituitary dysfunction develop®. If surgery
is performed as first-line management for microprolactinoma and
postoperative normalization of prolactin serum levels is achieved,
repeatimagingisrequired only upon hyperprolactinaemiarecurrence.

During pregnancy. Pregnancy is arisk factor for prolactinoma enlarge-
ment, especially for macroprolactinomas, and risk is increased in
patients without prior surgery”’. MRIwithout contrast agent adminis-
tration should be performed if a pregnant patient with prolactinoma
develops headaches of increased severity or different characteristics,
or vision changes, typically indicative of adenoma enlargement. As
apoplexy during pregnancy has been reported even in those with
microprolactinoma’®, imaging is required for concerning symptoms.

Novel imaging strategies

« Thereis alimited role for novel imaging strategies in routine
clinical practice (strong).

» Response to dopamine agonist therapy might be predicted by
functionalimaging (weak).

« Functional imaging applied with hybrid MRI techniques might
improve preoperative prolactinoma localization in selected
patients (weak).

In patients undergoing surgery, particularly for a microprolac-
tinoma when the expectation of surgical cure is high®”’, or in those
undergoing stereotactic radiosurgery, accurate adenoma localiza-
tion could reduce the risk of hypopituitarism. Although dynamic
and volumetric MRI sequences are useful in identifying a previously
non-visible mass, molecular (functional) imaging could guide tar-
geted intervention®®®', Molecular "C-methionine PET imaging holds
promise as an adjunct to MRI for localization of de novo and residual
prolactinomas when MRl is indeterminate®-* (see Supplementary
Box 4 for further discussion).

Complications
Hypogonadism
- Women with hyperprolactinaemia, microprolactinoma and
normal gonadal function can be followed by observation (weak).

» Unless pregnancy is desired, management of premenopausal
women with microprolactinoma should include the option
ofadequate sexhormone replacement without otherinterventions
(strong).

« Combined oral contraceptives canbe used inwomenwith hyper-
prolactinaemia treated with dopamine agonist therapy, but they
might reduce efficacy of dopamine agonist therapy and could
contribute to persistence of galactorrhoea (weak).

« Postmenopausal women with microprolactinoma, who usually
present with mild to moderate prolactin elevation, might not
require intervention and can be observed by annual prolactin
evaluation (weak).

« Men with ongoing hypogonadism for more than 6 months while
being treated for prolactinoma should be considered for testoster-
onereplacement (weak). Cautionis needed for large pituitary ade-
nomas dueto the potential foradenoma growth (weak). Indication
for testosterone replacement should be re-evaluated at 6-month
intervals based on serum levels of prolactin, as the gonadotrophic
axis could recover and ongoing testosterone replacement might
no longer be needed (weak).

- Patients with persistent hypogonadotrophic hypogonadism
despite dopamine agonist therapy and normal serum levels of
prolactin who desire fertility require gonadotrophin treatment
(strong).

» Replacement of oestrogen and testosterone (probably viaaroma-
tization to oestradiol) canreduce dopamine agonist efficacy. It is
important to monitor effects of such treatment on serum levels
of prolactin (weak).

Most participants agreed that evaluation for restoration of
gonadal function should be performed at least 6 months after nor-
malization of prolactin serum levels. Recovery usually occursin about
60% of men** but more frequently inwomen. The presence of complete
hypopituitarismreduces the chances of recovery from hypogonadism
and could justify earlier hormone supplementation.

After sex hormone replacement is started, serum levels of pro-
lactinmightincrease®. Use of a short-acting testosterone formulation
(forexample, testosterone gel) isrecommended in patients withalarge
adenoma, as it leads to rapid reversal of adverse effects of combined
dopamine agonists and testosterone (for example, irritability or hyper-
sexuality), should they develop. Off-label aromatase inhibitor therapy
mightbe considered®, although long-term data are limited and there
couldbe additional adverse effects on bone health®. Clomiphene has
been used as an off-label treatment in men with hypogonadism®.

Testosterone should not be started when fertility planning is
contemplated. Induction of spermatogenesis by human chorionic
gonadotropin and recombinant follicle-stimulating hormone can be
considered®. However, a semen analysis should be performed prior
to initiating gonadotrophin treatment, as nearly 50% of men with
hypopituitarism treated with testosterone had adequate spermato-
genesis for fertility in one series® (see Supplementary Box 5 for further
discussion).

Bone disease
« Increased fracturerisk is recognized as a clinical consequence of
prolactinoma (strong).
+ Clinicians should initiate morphometric investigation by plain
radiograph in patients with prolactinoma and back pain or
decrease in height (strong).
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 Patientsshould be evaluated for changes in bone mineral density
by dual-energy X-ray absorptiometry (DXA), depending on age,
duration of hyperprolactinaemia and hypogonadism, and other
risk factors (strong).

Baseline DXA is recommended in all patients with prolactinoma
with suspected long-standing (that is, >6 months) hypogonadism
or with other risk factors for osteoporosis, including menopause and
previous vertebral fracture. Osteoporosis, particularly if complicated
by fractures, should be treated with anti-osteoporotic drugs according
to general guidelines®. In this context, control of hyperprolactinae-
mia could potentially have a role as suggested by indirect evidence’®,
but specific studies are needed to assess the risk to benefit ratio
(see Supplementary Box 5 for further discussion).

Treatment
Dopamine agonists: efficacy

« Dopamine agonist therapy is highly effective at lowering
serum levels of prolactin, improving clinical consequences of
hyperprolactinaemia and reducing adenomassize (strong).

» Cabergoline s the preferred dopamine agonist owing to its long
half-life, high efficacy and good tolerability (strong). Bromocrip-
tine and quinagolide are less commonly used, depending on
regional approval and availability.

« Cabergolineisused as primary medicaltherapyinpatients with pro-
lactinoma. For microprolactinomas and well-encased macropro-
lactinomas (Knosp grade 0 and 1), the curative potential and risks
of surgery should be discussed with patients inamultidisciplinary
setting prior to medical treatment initiation (strong).

 Patients with prolactinoma of Knosp grade >2 should be treated
with cabergoline (strong).

« Patients with resistance or intolerability to other dopamine
agonist therapy should be switched to cabergoline (strong).

« Theneed forlong-term dopamine agonist treatment and the lim-
ited chances of permanent cure should be highlighted in patient
discussions (strong).

« In women not desiring fertility, mechanical contraception is
advised when starting dopamine agonist therapy as pregnancy
canoccur prior to menses re-initiation (weak).

Dopamine agonists are an effective treatment for prolactino-
mas, resulting in normalization of prolactin serum levels, adenoma
mass reduction and gonadal function restoration® (Fig. 3). Cabergo-
line, bromocriptine and quinagolide control most symptoms®’, but
cabergoline has superior efficacy and is the recommended treat-
ment (see Supplementary Box 6). High dopamine agonist efficacy
is maintained in patients with a giant prolactinoma, with improved
visual fields reported in 97% of patients, normalized serum levels
of prolactinin 60% and reduced adenoma volume in 74%°*°*. Fre-
quently employed cabergoline doses range from 0.5 to 3.5 mg per
week (maximum FDA approved dose is 2 mg weekly), bromocriptine
doses range from 2.5 to 15 mg per day and quinagolide doses range
from 75to 300 pg per day.

A study on imaging and prolactin level regression during dopa-
mine agonist treatment’ revealed that the greatest decreases in ade-
noma size and serum levels of prolactin occurred within 6 months
of therapy initiation. Improvement rates diminished considerably
during the subsequent 6 months and even further thereafter. Thus,
if a prolactinoma does not exhibit a favourable response in the first

3-6 months of treatment, it probably will not respond adequately to
dopamine agonist therapy. Normoprolactinaemiaand tumour volume
reduction of >25% after 3 months of cabergoline predicts long-term
response”. After 6 months, lower serum levels of prolactin predict
long-term normalization of prolactinserum levels (prolactinlevels up
to ULN, normalization in 100%; up to three times ULN, normalization
in 61%; more than three times ULN, normalization in 39%) and mass
shrinkage on MRI correlates with long-term adenoma shrinkage®®, but
results can depend on dose escalation protocols. Other predictors of
long-term (>15 months) dopamine agonist response include low pre-
treatment prolactin level and small adenoma at diagnosis, as well as
normalization of prolactin serum levels with a low dopamine agonist
dose (cabergoline, <2 mg per week)”".

Dopamine agonists: adverse effects

« Patientsshouldbeadvised beforestartingtreatmentabout frequent,
mild adverse effects of cabergoline, including gastrointestinal
symptoms, dizziness and fatigue (strong).

« Adverse effects usually improve with time, but can be ongoing and
disabling inindividual patients (strong).

« Quality of life remainsimpaired in some patients despite effective
treatment (strong).

« Administration before bedtime and/or with food might improve
tolerability (weak).

- Starting with low doses and escalating slowly might improve
tolerability (weak).

« Inpatientswithongoingintolerancetocabergoline, other D2-specific
dopamine agonists, such as quinagolide, could be tried with a
chance ofimprovements in tolerance (weak).

- Dopamine agonist therapy can cause neuropsychiatric adverse
effects, suchas compulsive buying, gambling, aggression, changes
inmood and hypersexuality, particularly in men. Although these
effects are rarely encountered, if present, dopamine agonist
therapy should be discontinued or the dose adjusted (strong).

- Patients should be informed about the potential for the rare
adverse effect of cardiac valve changes with long-term and/or
high-dose cabergoline treatment (strong). Intervals for screen-
ing echocardiography vary in different countries. Baseline and
follow-up screening is suggested in patients considered for
long-term or high-dose therapy (weak).

« Cerebrospinal fluid (CSF) rhinorrhoea canrarely occurin patients
with an invasive macroprolactinoma that is reduced in size with
dopamine agonist therapy. If suspected, B,-transferrrin or B-trace
protein should be measured in nasal fluid; if confirmed, surgical
repairis required (strong).

« Dopamine agonist-induced apoplexy due to extensive shrinkage
ofamacroprolactinoma canlead to visual changes. Insuch cases,
surgical repair is probably warranted (strong).

The most frequent adverse effects of cabergoline are gastric dis-
comfort, nausea and vomiting, as well as mild dizziness®”’. Intensity
of these symptoms depends on individual tolerability, but they are
generally mild and rarely impair drug adherence. They mostly appear
at treatment initiation and can typically be reduced or eliminated by
starting treatment atalow dose and escalating slowly. Ifintolerance to
oral cabergoline persists, patients can switch to adifferent dopamine
agonist such as quinagolide (a more specific D2R agonist), if avail-
able; intolerance can also be an indication for re-evaluation for other
treatments, including surgical resection®.
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Mood changes orimpulse control disorders can occur with dopa-
mine agonist therapy use in patients with no previous psychiatric

disorder'®

a Selecting a first-line treatment
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.Changesinimpulsivity are more commonin menbut occur

inboth men and women and are not dose-related. Such changes might
lead to gambling, aggressiveness, compulsive spending of money,
depression or mania
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Fig.3| Treatment algorithm for prolactinoma. a, Prolactinomas are treated
with surgery or dopamine agonists depending on adenomasize, clinical
factors and patient preference. In microadenomas, patient preference for
observation or HRT can also be considered depending on menopausal and
gonadal status (dashed lines). b, Follow-up should consider serum levels of
prolactin, changes on MRI, need for HRT, complications or adverse effects and

After
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potential for dopamine agonist withdrawal. ¢, Recurrence or lack of remission
should prompt dopamine agonist dose increase or consideration for surgery;
intolerability can be addressed by switching to a different dopamine agonist or
consideration for surgery. In all of these cases, management at Pituitary Tumour
Centres of Excellence is recommended. GH, growth hormone; HRT, hormone
replacement therapy.
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prior prolactin-mediated hypogonadism, possibly because of the brisk
rebound testosterone surge that occurs with restoration of gonadal
function uponstarting dopamine agonist therapy'*°. Ingeneral, these
effects are reversible when the dopamine agonist is discontinued
and often ameliorated with dose reduction. Screening for mood
changes and impulse control disorders with the Patient Health Ques-
tionnaire 9 and Barratt Impulsiveness Scale is useful'®. Itisimportant to
discuss these symptoms with the patient’s partner and family members,
asthe patientmight hide behaviours such asimpulsive gambling, with
potentially ruinous outcomes.

CSF rhinorrhoea due to medication-induced adenoma mass
shrinkage should be managed surgically'®. The diagnosis is made by
finding elevated nasal fluid levels of 3,-transferrrin or 3-trace protein.
Dose reduction and observation could be considered if CSF leakage
flow is modest. However, operative repair is eventually required in 90%
of patients with a CSF leak'**.

Dopamine agonists: cardiac valvulopathy

« Iflong-termtreatmentwith high-dose (>2.0 mg per week) cabergo-
lineis anticipated, perform baseline echocardiography to detect
any pre-existing valve alterations. Baseline evaluation can be per-
formed before starting cabergoline therapy or during the first few
months of treatment (weak).

« Repeat echocardiography every 2-3 years in patients treated
with >2.0 mg per week of cabergoline (weak). Most work-
shop participants believed that annual cardiac examination is
unnecessary (weak).

« Perform echocardiography after 5-6 years in patients treated
with <2.0 mg per week of cabergoline. Some workshop partici-
pants believed that these repeat examinations are not necessary
in patients treated with <1.0 mg per week and who have no clinical
signs of valvular dysfunction (weak).

 Detectionofaheartmurmurin patients treated with cabergoline
should prompt echocardiography (weak).

The discussion of valvular disease screening was based on guide-
lines jointly developed by the British Society of Echocardiography,
the British Heart Valve Society and the Society for Endocrinology'®.
Importantly, these consensus statements diverge somewhat from
previously published recommendations (see Supplementary Box 6).

Dopamine agonists: treatment withdrawal

« Asapproximately one-fifth of patients can remain in remission
after discontinuing cabergoline, patients should be evaluated
for favourable predictors, and dose reduction or treatment
withdrawal should be considered at regular intervals (strong).

« Favourable predictors of successful withdrawal include low main-
tenance doses of cabergoline, treatment duration >2 years and
substantial adenoma size reduction (strong).

 Patients successfully withdrawn from cabergoline should have
lifelong evaluations of serum levels of prolactin (annually or more
frequently if symptoms recur) and be informed about potential
symptoms of recurrence (strong).

« Patientswhohaverecurrence of hyperprolactinaemiaafter cabergo-
line withdrawal can usually be successfully treated with dopamine
agonist rechallenge (strong).

« Patients with long-term normalized serum levels of prolactin
after cabergoline rechallenge could be re-evaluated for another
withdrawal trial (weak).

 The chances of permanent resolution of autonomous lactotroph
cellgrowthincrease with menopause or after pregnancy; therefore,
these patients could undergo a trial of withdrawal (weak).

Owing to potential long-term adverse effects with chronic
use of dopamine agonists, and the cost of long-term medical treat-
ment and poor adherence in some patients, withdrawal of therapy
can be considered under well-defined conditions in patients with a
reasonable chance of persistent remission of hyperprolactinaemia
(see Supplementary Box 6).

Careful selection of patients is critical (see Supplementary
Table2). The highest likelihood of persistent remission after withdrawal
occursinpatients with anon-invasive and small adenomawith anormal
serum level of prolactin and a notable reduction in tumour size after
atleast 2 years of low-dose cabergoline (0.25-0.50 mg per week)”*'%°.
Although only one-third of treated patients are likely to meet these
criteria’, inthis subgroup, nearly 55% of those with microprolactinoma
and 43% of those with macroprolactinoma will achieve ongoing remis-
sion after treatment withdrawal'®. Thus, under such conditions andin
the absence of a visible mass on MRI, patients should be encouraged
to withdraw treatment. Alternatively, dopamine agonists could be
tapered by serial dose decreases and increasing the dosing interval
until the minimal effective dose required to maintain anormal serum
level of prolactin level is established'”".

If dopamine agonist therapy withdrawal is attempted, serum levels
of prolactin should be measured every 3 months in the first year and
annually thereafter. Pituitary MRI can be repeated if hyperprolactinae-
mia reoccurs. In those who have recurrence of hyperprolactinaemia
after withdrawal that requires treatment reinstatement, a second
attemptat cabergoline withdrawal can be successful after an additional
2-3 years of therapy. Such an approach might be particularly useful
in patients with low serum levels of prolactin while on treatment who
have no visible mass on pituitary MRI'*%1°,

Studies of dopamine agonist withdrawal in limited series of meno-
pausal women with prolactinomas showed a favourable outcome,
with remission rates higher than those observed in premenopausal

women'?,

Surgery

 Surgicalresection of microprolactinomas and well-circumscribed
macroprolactinomas (Knosp grade 0 and 1) by an experienced
neurosurgeon offers a high chance of cure, is cost-effective and
avoids long-term dopamine agonist treatment. Surgery by an
expert pituitary neurosurgeon should therefore be discussed
alongside dopamine agonist treatment as afirst-line optionin this
subgroup of patients (strong).

« Medical treatment is the preferred first-line treatment option in
patients with alow chance of surgical remission (Knosp grade >2)
(strong).

« Surgery could be recommended over medical treatment in
patients with rapidly progressive vision loss due to a sellar mass
effect or apoplexy (weak).

« Surgery could be offered to patients who have intolerance or
resistance to long-term dopamine agonist therapy (weak).

« Young age in women could favour a choice of surgical treat-
ment to avoid the need for dopamine agonist therapy over many
decades (weak).

« Debulking surgery of a macroprolactinoma is an alternative to
dopamine agonist therapy in patients who desire pregnancy, as it
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reduces the risk of symptomatic mass enlargement during future
pregnancy (weak).

« Surgical repair should be performed in case of spontaneous CSF
rhinorrhoea (strong).

Indications for surgery. Transsphenoidal surgery (TSS) performed by
anexperienced neurosurgeon canachieveinitial normoprolactinaemia
inup to 93% of individuals with microprolactinomas and 75% of those
with selected macroprolactinomas®’. Our review of the literature
between 2005 and 2021 showed lower normoprolactinaemia rates of
82%inunselected microprolactinomas and 44%, in unselected macro-
adenomas (see Supplementary Table 3). However, these remissions
might be short-lived, and a recurrence rate of hyperprolactinaemia
of ~20% is observed following surgical normalization of prolactin
serum levels"™"? ranging from 10% recurrence in patients with micro-
prolactinomato 25% in unselected patients with macroprolactinoma
(see Supplementary Table 3). Improved remission and low complica-
tion rates warrant reappraisal of the role of surgery as a viable alter-
native to first-line dopamine agonist treatment of prolactinomas in
selected patients.

Ifthey are surgically resected, prolactinomas can be further classi-
fied accordingto their cell lineage and based on the WHO classification
of pituitary tumours®, which requires assessment of specific pitui-
tary hormones and transcription factors (they are pituitary-specific
positive transcription factor 1 (PIT1) and oestrogen receptor-a for
prolactin-expressing adenomas). Pure lactotroph adenomas are sub-
typed assparsely or densely granulated. These are distinguished from
plurihormonal mammosomatotroph adenomas, mature plurihor-
monal PIT1-lineage adenomas and mixed somatotroph-lactotroph
adenomas, as well as from two precursor entities, acidophil stem
cell adenomas and immature PIT1-lineage adenomas, which might
co-express other pituitary hormones and/or demonstrate a more
aggressive behaviour”.

In centres with experienced multidisciplinary teams and
expert pituitary surgeons, the possibility of surgical remission ver-
sus long-term dopamine agonist therapy should be discussed with
patients, with mass morphology favouring surgical success (discussed
below), while also acknowledging patient preference™". The classi-
cal indication of ‘resistance and intolerance to dopamine agonists’
for surgical treatment of prolactinomas remains valid and is the pre-
vailing indication for surgery in patients with macroprolactinoma®
(see Supplementary Box 6).

In a 2021 single-centre study, patient preference was the main
indication for TSS for microprolactinomain 42% of patients, followed
by intolerance of dopamine agonists (27%), resistance to dopamine
agonists (20%) and combined intolerance and resistance (12%)°. In
another study, remission rates were 71-93% following microscopic
TSS and 81-100% following endoscopic surgery™. Perioperative and
postoperative complication rates were low; that is, neurosurgical
complications were seen in <2% of patients and mortality was 0%

Preoperative serum levels of prolactin correlate negatively with
microprolactinomaremission rates', such thataremission rate of 92%
was seen with a preoperative prolactin serumlevel of <200 ng/ml ver-
sus only 40% with preoperative prolactin serum level of >200 ng/ml®,
Furthermore, remission of fully centrally encased small microprolac-
tinomas was 87% versus 45% for those that were lateral and adjacent
to the cavernous sinus wall"®, Early postoperative serum levels of pro-
lactinin the low-normal range predicts long-term remission with low
recurrence rates. New-onset anterior and posterior pituitary hormone

deficiencies are rarely encountered with microprolactinomas resected
by experienced neurosurgeons®">,

Not surprisingly, surgical remission rates in patients with macro-
prolactinoma are inferior to remission rates in those with micropro-
lactinoma"”", and decrease considerably with invasiveness, increased
adenoma size and notably high preoperative serum levels of prolac-
tin®*>1318120 Eorexample, the surgical remission rate in one study was
70.4% among patients with non-invasive macroprolactinoma versus
23.5% among those with invasive macroprolactinomas®. In addition, a
second study limited to women found a surgical remission rate of 95%
among those with enclosed macroprolactinoma and only 25% among
those with invasive macroprolactinoma'. Remission is less likely in
patients with suprasellar extension*"¢ and in those with a prolactin
serum level of >282 ng/ml (>346 ng/ml, ifKnosp grade <3)'*°; male sex
is also a negative predictor of postoperative remission'.

Stagingaccordingto the Knosp classification seems to offer abet-
ter discrimination for surgical success than does dividing microprolac-
tinomas from macroprolactinomas only (see Supplementary Table 3).
Whereas some studies suggest better outcomes for prolactinomas of
Knosp grade 0-1thanfor those of Knosp grade 2-4 (refs. 6,122), others
suggest higher remission rates for prolactinomas of Knosp grade 0-2
than for those of Knosp grade 3-4 (refs.123,124).

Invasive macroprolactinomas or giant prolactinomas are usu-
ally treated with first-line dopamine agonist therapy®” and surgery
is reserved for spontaneous or dopamine agonist-induced CSF
rhinorrhoea’'%*'°* However, surgery could be preferred in the context
of rapid or progressive vision loss with large prolactinomas, orin those
with large cystic or haemorrhagic components to ensure immediate
decompression of visual pathways'”. Furthermore, debulking surgery
couldbe considered in patients who are resistant to dopamine agonists
to improve the outcome of subsequent medical treatment">'2°,

Women desiring pregnancy might also prefer immediate sur-
gery, as fertility is usually restored following adenoma resection®™.
In those with macroprolactinomas, prepregnancy adenoma debulk-
ing could avoid symptoms from enlargement during pregnancy.
If TSS is performed prior to pregnancy, the risk of symptomatic
macroprolactinoma enlargement is reduced from 21% to 4.7%'%.

Preoperative medical therapy. Whether to use preoperative medical
therapy remains controversial. A 2021 meta-analysis showed preop-
erative dopamine agonist use in a median of 59% of patients across
13 studies, with lower remission ratesin studies reporting preoperative
therapy use above the median thaninthose below the median (although
the difference was statistically insignificant in sensitivity analyses)"®.
These findings potentially support the use of first-line surgery with no
preoperative medical therapy in appropriate patients. Adenomafibro-
sis was found in most patients undergoing surgery after preoperative
bromocriptine treatment for >1 month, but the effect was much less
pronounced for cabergoline'”.

Radiation therapy

« Radiation therapy should be reserved for patients who show
poor mass shrinkage in response to dopamine agonists and have
either non-resectable residual adenoma tissue after surgery or
contraindications for surgery (strong).

« Stereotactic radiotherapy techniques yield improved outcomes
and have now become standard of care where available (strong).

« Patientsshould be advised that response to radiotherapy cantake
several years (strong).
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- Patientsshould beinformed about potential adverse effects occur-
ring even many years after treatment and should be followed
lifelong to detect hypopituitarism, optic neuropathy, cranial nerve
palsy or second brain tumours (strong).

Radiationtherapyisthe least used management approach for pro-
lactinoma and is mainly offered when medical and surgical treatments
have not been successful, usually in patients with size-progressing,
aggressive prolactinoma or prolactin-secreting malignancies. Expected
outcomes are described in Supplementary Box 6.

Special situations
Cystic prolactinomas

« Cystic prolactinomas might respond to dopamine agonist ther-
apy, which should be considered a viable option, particularly in
patients without urgent need of optic chiasm decompression
(strong).

« Thediagnosticevaluation should exclude pituitary cysticlesions
with hyperprolactinaemia caused by stalk compression (strong),
which are unlikely to respond to dopamine agonist therapy (weak).

» Inthe absence of visual deficits, an MRI follow-up interval of
6 monthsis probably appropriate (weak).

The presence of a cystic component is not uncommon in all pitu-
itary adenomas and should be distinguished from predominantly
cystic prolactinomas, inwhich usually more than 50% of the volume is
fluid-filled"®. This distinction also does not include prolactinomas that
undergo cystic degeneration as aresult of dopamine agonist therapy'.
Cystic macroprolactinomas can pose a diagnostic challenge, as serum
levels of prolactinin cystic prolactinomas (50-150 ng/ml) are lower than
insimilarly sized solid prolactinomas. This peculiarity makes it difficult
to differentiate between a cystic prolactinoma and a non-functioning
cystic lesion causing hyperprolactinaemia by stalk compression. The
rate at which prolactin declines after dopamine agonist therapy initia-
tionis not always helpful in differentiating the two scenarios'°. Dopa-
mine agonist therapy demonstrated high efficacy in cyst reduction™
and should therefore be considered, particularly in patients with no
urgent need of chiasmatic decompression'”. However, itisimportant
toalso consider other pituitary cystic lesions with hyperprolactinaemia
that would not shrink with dopamine agonist therapy.

Prolactinomasin men

« Men with hypogonadotrophic hypogonadism presenting with
gynaecomastia, loss of libido, erectile dysfunctionand infertility or
with galactorrhoeashould be evaluated for hyperprolactinaemia
and a prolactin-secreting adenoma (strong).

« Macroprolactinomasin men are more aggressive and show lower
response rates to dopamine agonist therapy than in women
(strong). Multimodal treatment with dopamine agonist ther-
apy, surgery and/or radiation therapy is frequently required for
management, with a need for close follow-up (strong).

« Dopamine agonist adverse effects ofimpulse control disorders are
more frequently observed inmen thanin women and aninforma-
tive discussion with patients and their partners and families is
needed before initiating treatment (strong).

Prolactinomasin men canbelarge and invasive, sometimes giant,
and present with hypogonadism and mass effects, including vision
damage and hypopituitarism™ Serum levels of prolactin are typically

high, and are associated with low testosterone and osteoporosis if left
untreated”>"*, Diagnosis of hyperprolactinaemia is often delayed
in older men, as decreased libido and erectile dysfunction develop
gradually, are not specific, and might be attributed to ageing or are
under-reported™. Prolactinomas are generally more aggressive in
men than in women, with higher proliferation (assessed by Ki-67),
cellular atypia, angiogenic and proliferative features, and greater
invasiveness™* %,

Treatment withdopamine agonistsis preferred regardless of size
or invasion. Among men with macroprolactinoma, 80-85% will dem-
onstrate normalization of prolactin serum levels and 90% substantial
mass shrinkage®*. After dopamine agonist therapy, improvement in
visual fields occurs in 85-95% of men with macroprolactinoma and
vision damage.

Mixed GH-prolactin pituitary adenomas

« Hyperprolactinaemia in patients with pituitary adenoma that
occurs in combination with excess GH secretion warrants a
different therapeutic approach (strong).

 In patients with acromegaly and hyperprolactinaemia, stalk
effect should be distinguished from adenoma co-production,
considering adenomasize and follow-up (strong).

« Pure somatotroph adenomas should be distinguished histologi-
cally from mammosomatotroph adenomas (combined secretion
of prolactin and GH from the same single cell) and somatotroph-
lactotroph adenomas (presence of both cell types) (strong).
A correct diagnosis is important, as prognosis differs between
these types (weak).

« Aggressive prolactinomas should be evaluated for markers of
acidophil stem cell adenomas and co-secretion of GH (weak).

- Patients with hyperprolactinaemia should be evaluated at base-
line for autonomous GH secretion by screening serum levels of
insulin-like growth factor 1 (IGF1), as clinical features of acro-
megaly could be masked or occur over time. Demonstration of
autonomous GH secretion will alter treatment strategy, which
should follow current guidelines on acromegaly (strong).

« IfIGFllevelsincrease above ULN during follow-up and there are no
vision changes due toadenoma mass, dopamine agonist therapy
should be stopped for 4 weeks to assess for GH hypersecretion
(strong).

As mammosomatotroph progenitors differentiate into lacto-
trophs and somatotrophs, mixed cell-type adenomas compris-
ing GH-secreting and prolactin-secreting cells might be seen®*'*°
(see Supplementary Box 7).

Giant prolactinomas

 Giantprolactinomas are rare and are predominantly observed in
men; as they usually respond well to dopamine agonist therapy,
they should be managed medically (strong).

« Duetoincreased risk of morbidity and mortality, surgical resec-
tion of these large prolactinomas should be restricted to those
withapoplexy or CSF leakage or to patients with progressive mass
growth despite optimal treatment (strong).

Giant prolactinomas are defined as those with adiameter >40 mm
with notable extrasellar extension, very high serum levels of prolactin
(usually >1,000 pg/I) and no concomitant GH or ACTH secretion®.
They have a male-to-female ratio of approximately 9:1. The diagnosis
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is usually delayed until neurological complications arise from mas-
sive extension into surrounding structures, leading to cranial nerve
palsies, hydrocephalus, temporal epilepsy or exophthalmos. Despite
their aggressive appearance, these adenomas are mostly benign and
respond well to cabergoline'****. Neurological symptomsimprovein
most patients with anotable mass size reduction, and prolactinserum
levels normalize in up to 70% of patients®. These lesions are usually not
completely resectable.

Aggressive prolactinomas and therapy resistance

» Aggressive prolactinomas are defined as invasive adenomas
with an unusually rapid growth rate or adenomas with clinically
relevant growth despite maximal tolerated dopamine agonist
doses (strong).

« Increasing serum levels of prolactin in an individual with pro-
lactinoma previously well controlled by cabergoline could indi-
cate development of an aggressive adenoma and, very rarely,
acarcinoma (weak).

« Rarely encountered patients with prolactinoma and site-specific
symptoms (including neurological deficits or back pain), as well
as patients with obvious discordance between serum levels of
prolactin and pituitary mass, should be evaluated for metastases,
which would define a carcinoma (strong).

« Imaging signs of invasiveness coupled with histological markers
of proliferation likely predict prolactinoma behaviour (strong).

 Inpatientswithaggressive prolactinomas and documented persis-
tentadenomagrowth despite exhaustingall treatment modalities,
the chemotherapeutic agent temozolomide is recommended
(strong).

« Response to temozolomide should be evaluated after 3 months
and treatment continued for at least 6 months in responsive
patients (strong) or for aslong as responses are observed (weak).

« Theuseofimmune-checkpointinhibitors could beaviable option
foraggressive prolactinomas after temozolomide failure (weak).

Definitions. Most patients with prolactinoma respond well to dopa-
mine agonists, showing both normalization of prolactin serum levels
and mass shrinkage. However, variable degrees of therapy resistance
areencountered, which could indicate specific underlying pathophysi-
ology. The consensus was to define ‘resistance’as lack of normalization
of prolactin serum levels or lack of relevant mass shrinkage (=30%
reduction in maximum diameter) when treated with standard dopa-
mine agonist doses (7.5-10 mg per day of bromocriptine or 2.0 mg per
week of cabergoline) for at least 6 months. Importantly, not all patients
with resistance require a change in treatment; dopamine agonist
continuation is a good option, for example, in patients without mass
effects, in whom tumour shrinkage is not required due tolocation, orin
patients with macroprolactinomas,inwhomthe adenomais controlled,
but hypogonadism persists due to persistent hyperprolactinaemia and
is managed by sex hormone replacement.

If prolactinis not controlled even by dose escalation to maximally
tolerated doses of dopamine agonists and surgery is considered for
debulking, the term suggested is ‘refractory’ prolactinoma. Further-
more, refractoriness should be distinguished from ‘aggressiveness’,
whichshould bereserved for patients with ongoing adenoma prolifera-
tion despite treatment with maximally tolerated doses of dopamine
agonists.

Distant metastases can occur, which define the prolactinomas
as carcinomas'*. Although extremely rare overall, carcinomas of

lactotroph origin represent 30% of all pituitary carcinomas and are
the most common type’”*2,

Prognosis. Most studies of prognostic markers focus on predictive
markers of dopamine agonist resistance and do not specifically focus
onaggressiveness or malignancy. Male sex, young age and invasiveness
are associated with increased risk of dopamine agonist resistance.
A combined clinicopathological classification that takes into account
invasion (based on MR, surgical and histological findings) and pro-
liferation (Ki-67 index 3%, mitotic count more than two out of ten
high-power fields and positive p53 staining) could predict potential
aggressive behaviour of pituitary adenomas'*.

Treatment. Escalation to maximally tolerated cabergoline doseis the
first step for large residual or growing adenomas that do not respond to
lower doses; surgical debulking could improve postoperative medical
control, and adjuvant radiotherapy could also be considered. When
these therapies fail, the alkylating chemotherapeutic agent temozolo-
mideis currently the best option'**, with approximately 40% of treated
pituitary adenomas showing at least partial remission'*'**. Longer
duration (>6 months) of temozolomide treatment, its early use and its
combinationwithradiation therapy mightimprove outcomes'*>'*>7145,
In prolactin-secreting carcinomas, immunotherapy with the check-
pointinhibitors ipilimumab and nivolumabinduced responses, includ-
ing mass shrinkage, suggesting that these drugs could be an option if
temozolomide failsin aggressive prolactinoma'* !, Other options that
have been studied in patients with aggressive prolactinomas include
targeted oncological agents, such as everolimus, bevacizumab and
lapatinib™>'*, as well as the oestrogen receptor modulator tamoxifen™*
and peptide receptor radionuclide treatment’®.

Management is discussed in detail in the current European Society
of Endocrinology clinical practice guidelines'*. Patients should be
followed in multidisciplinary Pituitary Tumours Centres of Excellence™®.
Pregnancy and fertility

- Patients with prolactinoma considering pregnancy should be
informed about both medical and surgical options (strong).

« A comprehensive examination performed shortly before preg-
nancy provides baseline information on serum levels of prolactin,
visual fields and adenoma size (weak).

- Patients desiring fertility and undergoing pituitary surgery
before pregnancy should be informed of the potential risk of
hypopituitarism and its impact on fertility (strong).

« Mechanical contraception should be used instead of hormonal
forms of contraception to confirm treatment efficacy before
pregnancy and establish the menstrual interval (weak).

« Toreduce exposure of the developing fetus to dopamine agonist
therapy, dopamine agonists should be discontinued as soon as
pregnancy is confirmed (strong).

« In patients with large macroprolactinomas, maintenance of
dopamine agonist therapy during pregnancy is also an option
(strong).

 Although bromocriptine might reduce fetal exposure due to its
shorter half-life, cabergoline is now preferred by the majority of
centres owing to increasing safety data (weak).

 Inpatients withmacroprolactinoma, adenomaresponse to dopa-
mine agonist therapy should be confirmed prior to conception
(strong). In those without mass response, surgery should be
considered prior to conception (strong).
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« Pregnancyinpatientswithmicroprolactinomasis usually uneventful,
and patients should be followed clinically every 3 months (strong).

 Patients with macroprolactinomahave arisk of clinically relevant
adenoma expansion and apoplexy during pregnancy. Patients
should be seen monthly during pregnancy and questioned about
local mass effects, and should undergo visual field evaluation every
3 months (strong).

« Patientswithsuspicion of clinically relevantadenomagrowth during
pregnancy should undergo MRIwithout gadolinium (strong).

 Re-initiation of dopamine agonist therapy that was discontinued
at conception should be considered in patients with clinically
relevant adenoma growth (strong).

 Inpatients with an enlarged adenoma that does not respond to
re-initiation of dopamine agonist therapy, considerationshould be
givento pituitary surgery or deliveryif the pregnancy is sufficiently
advanced (strong).

« Serumlevels of prolactin should not be used to assess foradenoma
growth during pregnancy (strong).

« Breastfeedingis usually not contraindicated and could be allowed
for a period depending on whether treatment reintroduction is
needed for mass control (strong).

Most workshop participants recommended medical treatment
with dopamine agonists as the first choice of therapy for women with
prolactinoma desiring pregnancy (Fig. 4; see Supplementary Box 7).
However, surgery for non-invasive microprolactinomas by an experi-
enced pituitary surgeon was also considered reasonable. Risk of post-
operative hypopituitarisminmicroprolactinomasis very lowif surgery
is performed by an experienced pituitary surgeon®*. By contrast, in
patients with macroprolactinoma, most recommend surgery only if
theadenomais not responsive to dopamine agonists and/or if it is close
to opticstructures. Insuch cases, management by a multidisciplinary
team comprising expert neurosurgeons, obstetricians, ophthalmolo-
gistsand endocrinologists is recommended”’. Patients who had prior
surgery have very little risk of adenoma growth during pregnancy'.

Rather than routinely switching all women desiring pregnancy
from cabergoline to bromocriptine, the majority of workshop par-
ticipants favoured using cabergoline at the lowest effective dose. This
strategy is particularly relevant for patients already well controlled
on cabergoline, as there were concerns that switching to bromocrip-
tine could result in loss of control of serum levels of prolactin and
could negatively affect fertility. In addition, the potential for increased
adverse effects after switching to bromocriptine could affect adher-
ence and the need for dose adjustments and thereby also adversely
affect fertility. In one retrospective study, continued use of cabergo-
line during pregnancy was associated with a higher miscarriage rate
thanin pregnanciesin which cabergoline was discontinued, with little
additional data available™®,

There was a strong consensus against recommending measure-
ments of prolactin during pregnancy. Rather, evaluation of clini-
cally relevant pituitary mass expansion during pregnancy should be
based on symptoms, and imaging should be performed if symptoms
or signs of adenoma expansion occur”.

Prolactinomas in children and adolescents
 Inaddition to the clinical signs and symptoms present in adults
(thatis, secondary amenorrhoea and galactorrhoea), delayed
puberty due to hypogonadotrophic hypogonadismshould trigger
evaluation for hyperprolactinaemiain children (strong).

« Asapoplexy and aggressive prolactinoma behaviour are more
commonin childrenthaninadults, high clinical suspicion warrants
promptinvestigation (strong).

« Childrenwithmacroprolactinomashould undergo genetic testing
for MENI and AIP germline mutations (strong).

- Dopamine agonist therapy isinitiated at low doses (for example,
0.25 mg per week of cabergoline) (weak), with slow dose increases
duetoincreased probability of adverse effects in children (strong).

« Surgery should be considered in patients in whom vision is
threatened, if severe neurological symptoms or CSF leak-
age is present, or if the mass is resistant to dopamine agonist
therapy (strong).

« Surgery could be consideredin children with microprolactinoma
to avoid long-term medical treatment (weak).

 Radiationtherapy should be limited to patients with an aggressive
adenoma that is unresponsive to dopamine agonist therapy and
surgery (weak).

Microprolactinoma Macroprolactinoma

Debulking?
Cure? E LE 1
vov
Surgery Dopamine agonist therapy
Mechanical
contraception
: Macroprolactinoma:
?
Prolactl[ <ULN? Mass decrease on MRI?
(oo (- i) —»  Discontinue dopamine agonist?
Follow-up
Clinic Visual fields

Microprolactinoma every 3 months,
macroprolactinoma every 1 month MRI without gadolinium

Prolactin measurement Change in visual fields, severe
No ongoing headache at any time

|

Mass increase on MRI?

P L

.

.
e
: 1
.
v

Dopamine agonist therapy

Macroprolactinoma every 3 months

Surgery

Fig. 4| Prolactinoma management considerations for pregnancy and fertility.
In patients desiring pregnancy, surgery by an experienced surgeon might be
considered if cureis likely (dashed line). In patients treated with dopamine
agonists, mechanical contraception should be used until mass shrinkage is
observed on MRI. During pregnancy, patients should be closely followed for signs
of massincrease; MRIshould be used without gadolinium contrast. Serum levels of
prolactin should not be tested. If the mass increases in size, restart dopamine
agonistsif previously discontinued and/or consider surgery in second trimester if
absolutely necessary. ULN, upper limit of normal.
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Prolactinomain a paediatric patient should raise suspicion for the
presence of germline MENI and AIP mutations™’. Pituitary adenomas
with these mutations could have a more aggressive behaviour than
those without™° (see Supplementary Box 7).

Dopamine agonists are first-line therapy, starting at a low dose
andindividualizing dose adjustments due to the potentially increased
susceptibility to adverse effects in children'"'®%, Surgery should be
considered in children with threatened vision'®,

Pituitary haemorrhage resulting in apoplexy could be more com-
mon within prolactinomas in children than in adults. The level of sus-
picion for potential apoplexy in children with prolactinoma and new
headache, visual loss or other sudden symptoms should be high'**,
Inmicroprolactinomas, paediatric surgical series have shown remission
rates around 80%"°°.

Patients with an underlying psychiatric disorder

+ Management of prolactinoma in patients with an underly-
ing psychiatric disorder requires collaboration between the
endocrinologist, neurosurgeon and psychiatrist (strong).

- Initiation of dopamine agonist treatment in patients withanunder-
lying psychiatricillnessis probably safe but requires caution and
psychiatric consultation (weak).

 Prolactinshould be measured prior toinitiation of an antipsychotic
drug (strong).

« Serum levels of prolactin more than ten times ULN are uncom-
moninantipsychotic-mediated hyperprolactinaemiaand should
trigger suspicion for a prolactinoma (strong).

« Dosereductionor switching to asecond-generation antipsychotic
that does not cause hyperprolactinaemia, such as aripiprazole,
distinguishes prolactinoma from drug-induced hyperprolacti-
naemiain most patients (strong). MRImight exclude alarge lesion
with stalk effect (weak).

« Dopamine agonist therapy efficacy might be reduced in patients
treated with antipsychotics, requiring higher doses (weak).

« Prolactin-sparing antipsychotics alone or in combination with
established antipsychotic therapy could enable dopamine agonist
dose reduction (weak).

 Alternative treatment modalities for prolactinomas, including
sex hormone replacement in patients with microprolactinoma
or surgery, might be considered in patients requiring treatment
with antipsychotics (weak).

Management of prolactinomain patients with a psychiatric disor-
derischallenging and requires collaboration between the endocrinolo-
gist, neurosurgeon and psychiatrist'’. Hyperprolactinaemiaresulting
from antagonism of D2R occurs in 30-75% of individuals receiving
antipsychotics™® within the first 3months of treatment, and elevations
up to ten times ULN have been described'’.

Prolactinmeasurements prior toinitiation of an antipsychotic drug
could avoid unnecessary investigation and concern for an underlying
prolactinoma. MRI should be performed in patients on antipsychotic
drugswithserumlevels of prolactinmore than ten times ULN, mass effect
symptoms such as headache or visual disturbance, or pituitary hormone
deficiencies other than the gonadal axis. Antipsychotic dose reduction
orswitchingtoaprolactin-sparing antipsychotic with subsequent reduc-
tion in serum levels of prolactin is useful®”. When antipsychotics are
withdrawn, drug-induced hyperprolactinaemiaresolves within 48-96 h.

Dopamine agonist therapy could contribute to exacerbation
of underlying psychiatric illness, although this effect seems to be

uncommonand is subject to publicationbias”’. Dopamine agonist treat-

ment is effective to treat prolactinomain patients receiving antipsychot-
ics, with higher dopamine agonist doses than normally used required
to achieve biochemical control and reduce adenoma size, although
improvement invisual fields occursin most patients prescribed first-line
dopamine agonist therapy'” (see Supplementary Box 7). Switchingtoa
prolactin-sparing antipsychotic such as aripiprazole could enable lower
doses of dopamine agonist therapy, or even cessation, although this
findingis not consistently evident”’. The addition of aripiprazole toan
established antipsychotic therapyis utilized for antipsychotic-mediated
hyperprolactinaemia'”?. Pituitary surgery should be considered in
patients with prolactinoma and psychiatric illness if there is concern
for dopamine agonist intolerance or poor effectiveness.

Prolactinomas and menopause

« Womenwithwell-controlled microprolactinomaentering meno-
pause should undergo a trial of dopamine agonist withdrawal
(strong).

+ Inpostmenopausal women with macroprolactinoma, treatment
should be targeted to controlling adenoma growth (strong).

« Normalization of serum levels of prolactin in postmenopausal
women withmicroprolactinomais notindicated toimprove meta-
bolic parameters, decrease breast cancer risk or improve bone
density (weak).

Menopause is associated with a physiological decrease in circu-
lating levels of prolactin'”, Normalization of serum prolactin levels
occurs in 45% of untreated women with microprolactinoma entering
menopause”. Furthermore, serum levels of prolactin remained normal
in 52-71% of postmenopausal women with prolactinoma (mostly micro-
adenoma) after withdrawal of dopamine agonist treatment, irrespec-
tive of serum levels of prolactin prior to treatment discontinuation'”>"®,
The prevalence of newly diagnosed postmenopausal prolactinomas
cannot be accurately determined as microprolactinomas or small
macroprolactinomas not causing mass effects might remain unrecog-
nized inthe absence of endocrine manifestations. Among 37 womenin
threereports diagnosed with prolactinomaafter menopause'”’""”’, the
majority had macroprolactinoma (73%) or giant prolactinoma (18.9%)
and many were discovered incidentally following head imaging°. Nor-
malization of serum prolactin levels and mass shrinkage were achieved
with dopamine agonist therapy in most patients.

Current evidence does not support microprolactinoma treat-
mentinasymptomatic postmenopausal women. Macroprolactinomas
should be treated according to standard practice. Breast cancer risk
was notincreased in postmenopausal women with prolactinoma's®®!,

Transgender individuals

« Intransgender women, combined treatment with oestradiol
and cyproterone acetate usually causes mild and asymptomatic
hyperprolactinaemia (strong).

« Adiagnosis of prolactinoma should be considered when pro-
lactin increases markedly or with symptoms of mass effect or
galactorrhoea (weak).

« Thereis no evidence for increased incidence of prolactinomas
in transgender women receiving gender-affirming hormone
therapy (weak).

Hyperprolactinaemia related to feminizing hormone treat-
ment occurs in up to 20% of transwomen and is usually mild and
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asymptomatic'®. Serum levels of prolactin up to two times ULN were

observed following initiation of oestradiol combined with cyproterone
acetate, but levels remained within the normal range in most patients'®.
Marked or symptomatic prolactin elevations resulting in galactorrhoea
should prompt further investigations'*'®,

Prolactinomas have beenreportedintransgender womenreceiv-
ing feminizing hormone treatment'*>'*> (see Supplementary Box 7).
However, thereis no definitive link between gender-affirming hormone
treatment and prolactinoma.

Hyperprolactinaemia and renal failure

« Assessment for hyperprolactinaemia in patients with CKD
should be individualized depending on symptoms and presence
of hypogonadism (weak).

« Treatment of hypogonadism and underlying hyperprolactinae-
mia by dopamine agonist therapy or sex hormone replacement
might be considered in patients with CKD, depending on clinical
symptoms (weak).

Serum levels of prolactin are elevated in patients with CKD. In one
study, 23% of patients with CKD and serum levels of creatinine <6.8 mg/dI
had hyperprolactinaemia; the proportionincreased to 77% of those with
creatinine levels >6.8 mg/dl and 78% of those on haemodialysis'®. Ele-
vated prolactin was reported in patients with serum levels of creatinine
aslowas2.0 mg/dI'¥".Most of the prolactinin these patients is monomeric
and not due to accumulated macroprolactin’®®, Hyperprolactinaemiais
caused by delayed circulating prolactin clearance as well as increased
prolactin production'. Hyperprolactinaemia is not influenced by
intensification of dialysis’, but is reversed by renal transplantation.

Bromocriptine effectively lowers serum levels of prolactin,
increases levels of testosterone and restores sexual potency in menwith
CKD and hyperprolactinaemia'". Interestingly, treatment of patients
with CKD on haemodialysis with recombinant erythropoietin could

resultin normalization of serum prolactin levels'®.

Conclusions

In most patients, dopamine agonists are highly effective at normal-
izing serum levels of prolactin and shrinking prolactinomas. Caber-
goline resistance rarely occurs. Nevertheless, due to adverse effects
oflong-term dopamine agonist therapy, an exploration of alternative
strategies to medical therapy is warranted, such assurgery. Thereis also
anunmetneed for additional treatments to address clinical challenges
in treating patients with refractory prolactinoma.

A need exists to facilitate international registries of patients to
enable risk stratification and optimization of therapeutic strategies.
Standardizing the treatment response could enable comparison of
results across series, which is critically important for a rare disease
such as prolactinoma.

Published online: 5 September 2023
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