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Abstract

Prolactin (PRL) secreting tumors are the most common functional neoplasms of the pituitary and are commonly
subdivided into microprolactinomas (<10 mm) and macroprolactinomas (≥10 mm) according to their baseline
diameter. Patients with prolactinoma present with symptoms evolving from hyperprolactinemia and with those
caused by pressure of the expanding mass on surrounding tissues, including the optic chiasm and the cavernous
sinuses. We hereby describe the possible complications of macroprolactinomas, including mass effects,
hypopituitarism, CSF leak and apoplexy and discuss their relevant management.
In general, all patients harboring macroprolactinomas should be treated, the objectives being to achieve normal or
near normal PRL levels, to reduce or stabilize adenoma size and to recover altered pituitary axes. Medical therapy
with dopamine agonists (DA) is the preferred initial treatment for the vast majority of patients harboring
prolactinomas. Pituitary surgery is indicated in patients who cannot tolerate or are resistant to therapy with DAs,
patients that seek fertility and harbor adenomas that impinge on the optic chiasm, psychiatric patients with
contraindication to DA treatment and patients presenting with pituitary apoplexy or a cerebrospinal fluid (CSF) leak.
In addition, in this review, several patient populations with unique clinical characteristics will be discussed
separately namely postmenopausal women, the elderly, children and patients with pituitary carcinoma.
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Introduction
Prolactin-secreting tumors are the most common func-
tional neoplasms of the pituitary, accounting for 30-40 %
of pituitary adenomas [1]. Prolactinomas are commonly
subdivided into microprolactinomas (<10 mm) and
macroprolactinomas (≥10 mm) according to their baseline
diameter. Patients with prolactinoma can present with
symptoms evolving from hyperprolactinemia which sup-
presses the gonadotroph axis and causes galactorrhea with
amenorrhea or dysmenorrhea in women and erectile dys-
function and decreased libido in men. In addition, patients
might describe symptoms caused by the pressure of the
expanding mass on surrounding tissues, including the
optic chiasm and the cavernous sinuses, resulting in visual
disturbances; or in the compression of the normal pituit-
ary gland, causing hypopituitarism [2, 3].
Several reviews have been published on diagnostic and

therapeutic aspects of prolactinomas [4–8] and there are
clinical guidelines for the management of prolactinomas
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[9, 10]. This review will focus on the practical manage-
ment of patients with macroprolactinomas. The treatment
objectives for patients harboring macroprolactinomas are
to achieve normal or near normal prolactin (PRL) levels,
to reduce or stabilize adenoma size and to recover altered
pituitary axes. Below we describe the various methods
used to achieve these goals, the efficacy of the different
therapeutic tools and their possible side effects.

Review
Medical treatment
In general, all patients harboring macroprolactinomas
should be treated. Specific indications include infertility,
tumor mass effects, galactorrhea and hypogonadism [9].
Medical therapy with dopamine agonists (DA) is the pre-
ferred initial treatment for the vast majority of patients
harboring prolactinomas [9–11].
There are several DA agents, including cabergoline

(CAB), bromocriptine (BRC), and quinagolide. However,
the agents in regular use are CAB and BRC [9]. Cabergo-
line is used more often due to several advantages over
BRC. It was shown to achieve higher rates of normopro-
lactinemia and to normalize PRL in BRC resistant patients
[12–14]. Lastly, CAB is administered once or twice weekly
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compared with daily dose of BRC [9, 10] rendering BRC
less convenient for most patients and possibly decreasing
their compliance.

Dopamine agonists - PRL response
Since the 1990s CAB was studied as the main thera-
peutic option for hyperprolactinemia in general [15] and
macroprolactinoma in particular [16–29]. The efficacy of
CAB in reducing or normalizing PRL in patients with
macroprolactinomas has been described in many studies
(summarized in Table 1) in which following treatment
with CAB, normal PRL was achieved in 75–95 % of pa-
tients (mean, 79.6 %).
Cabergoline was shown to be superior over other DAs

in several respects, including efficacy. Colao et al. [30]
described a cohort of patients treated with CAB for
macroprolactinomas, either as 1st line, or after treatment
with other DAs. Treatment with CAB achieved normal
PRL levels in 80.8 % (21/26), 51.3 % (19/37) and 94.7 %
(18/19) of patients naïve, resistant or intolerant to other
DAs, respectively. In almost all patients, a reduction of
at least 50 % from baseline PRL level was achieved [9].
In addition to its direct effect on PRL, treatment with

CAB has been effective in improving semen analysis in
men [25] and when used to treat hyperprolactinemic
women with amenorrhea, was found superior to BRC in
gonadal function restoration (72 % vs. 52 %, CAB vs.
BRC, respectively) [15].

Dopamine agonists - adenoma shrinkage
Apart from PRL normalization and hormone secretion re-
covery, tumor shrinkage to relieve tumor mass effects and
prevent neurological complications is another treatment
Table 1 PRL and adenoma size dynamics in patients harboring mac

Author (year) n(M/F) Mean PRL (ng/ml) 1st/current

Ferrari C (1997) [29] 85 (29/56) 300a/NA

Colao A (1997) [22] 23 (8/15) 841/12

Pontikides N (2000) [23] 12 (6/6) 700/7

Colao A (2004) [24] 41 (41/0) 2019/17

De Rosa M (2006) [25] 32 (32/0) 2705/93

Raverot G (2009) [26] 28 (17/11) NA/NA

Ono M (2010) [20] 29 (0/29) 348/6

Bhansali A (2010) [19] 15 (15/0) 6249/47

Karavitaki N (2012) [21] 12 (11/1) 2452/NA

Corsello SM (2003) [17] 10 (10/0) 5794/77

Shimon I (2007) [16] 12 (12/0) 14383/15

Cho EH (2009) [18] 10 (10/0) 11426/109

Total 309 (191/118) 2493/38
aMedian; bCriteria for significant shrinkage varied between studies
Table summarizes publications including ≥10 male subjects, with data on patients w
goal for patients harboring macroprolactinomas [6]. Dopa-
mine agonists decrease the size of macroprolactinomas in
most patients [6, 31, 32]. In a study by Colao et al. [30],
treatment with CAB achieved adenoma disappearance in
61.5 % of patients naïve to DA treatment and an additional
30.8 % demonstrated adenoma shrinkage of >80 %. Pa-
tients intolerant or resistant to other DAs showed lower
adenoma shrinkage rates (42.1 % and 30.3 %, respectively)
[30]. First response to therapy may be expected as soon as
a week or two after treatment initiation. However, in some
patients shrinkage may become noticeable after only
6 months of therapy [31]. Most of the studies (8/11) veri-
fied adenoma shrinkage in response to CAB in all [18–21,
23, 24], or almost all [17, 26] patients, totaling 86.6 % of
treated patients (see Table 1).

Dopamine agonists – resistance
Resistance to DAs has several different definitions in the
literature, including failure to achieve normal PRL levels
or adenoma shrinkage of >50 % [13, 33], failure to re-
duce PRL by >50 %, or to induce ovulation in women
[33], or failure to reduce symptoms or normalize PRL
despite CAB dose ≥2 mg/week [34]. Adenoma shrinkage
is considered an inferior parameter for CAB resistance
due to the limited data in the literature regarding the
correlation with PRL control [13]. The prevalence of
CAB resistance according to this criteria is 11 % among
patients harboring macroprolactinomas [13]. Vroonen
et al. [34], published a study of 92 patients with prolacti-
noma resistance to CAB, including 41 men with macro-
prolactinomas. In this study adenomas resistant to CAB
defined a group of patients with a more advanced dis-
ease and potentially aggressive or even malignant
roprolactinoma treated with CAB

PRL normalized n(%) Shrinkageb n(%) Unique study characteristics

52/85 (61.2 %) 41/62 (66.1 %)

19/23 (82.6 %) 14/23 (61 %) Low dose CAB

12/12 (100 %) 12/12 (100 %) CAB as 1st line therapy

31/41 (75.6 %) 41/41 (100 %) Outcome was semen analysis

31/32 (96.8 %) NA Outcome was quality
of seminal fluid

27/28 (96.4 %) 27/28 (96.4 %) Visual field dynamics on CAB

29/29 (100 %) 29/29 (100 %) Outcome was fertility

14/15 (93 %) 15/15 (100 %) Rapid CAB dose escalation

11/12 (91.6 %) 12/12 (100 %) Recovery of hypopituitarism

5/10 (50 %) 9/10 (90 %) Giant prolactinomas

10/12 (83.3 %) 9/11 (81.8 %) Giant prolactinomas

5/10 (50 %) 10/10 (100 %) Invasive giant prolactinomas

246/309 (79.6 %) 219/253 (86.6 %)

ith CAB-treated macroprolactinomas
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tumors. In the minority of cases, other therapeutic op-
tions such as surgery or external radiation might be con-
sidered, as will be discussed later.

Dopamine agonists – safety and side effects
Rapid shrinkage of prolactinomas may cause pituitary
apoplexy, which is discussed in detail below, see “Com-
plications – Apoplexy”. Moreover, adenoma shrinkage
might cause traction of the optic chiasm and secondary
visual deterioration in patients with chiasmal damage
[26, 35, 36]. Dopamine agonists are used for the treat-
ment of Parkinson’s disease, at a daily dose of at least
2 mg, compared with a typical dose of 0.5–2 mg/week
for macroprolactinomas. Patients treated for Parkin-
son’s are at moderate-to-severe risk for cardiac valvular
damage [10]. However, several studies have shown that
CAB treatment for prolactinomas was not associated
with a clinically significant risk for valvular disease [37,
38]. Hence, the current guidelines do not recommend
routine echocardiography for patients receiving a typ-
ical dose and suggest cardiac-echocardiographic surveil-
lance only for patients treated with very high CAB
doses for prolonged periods [10].
The most common adverse effects of DAs are gastro-

intestinal (nausea, constipation), dizziness (postural
hypotension), headaches and nasal congestion [6].
Other less frequent side effects include fatigue, anxiety,
cold sensitive vasospasm and psychosis. The side effect
profile of CAB is better than BRC [6], making CAB
preferable in routine practice. Leakage of cerebro-
spinal fluid (CSF) following therapy with DA has also
been described [39, 40], especially after rapid shrinkage
of invasive adenomas [41].

Dopamine agonists – treatment duration
The treatment duration with DA for macroprolactino-
mas should be individualized, and depends on the
tumor size and response to the treatment [6]. In one
study [42], withdrawal from therapy according to strict
criteria on follow-up (achieving normal PRL, disappear-
ance or shrinkage of ≥50 % of tumor size, and a 5 mm
distance from the optic chiasm) was associated with re-
currence rate of 36 % 18 months following CAB cessa-
tion and a higher recurrence rate (53.1 %) after a longer
follow-up (24–96 months) period [27]. In line with
these results, guidelines for management of macropro-
lactinomas [9] suggest gradual decrease of CAB dose
after two years of treatment, when PRL is normal and a
shrinkage of ≥50 % is depicted. Among patients with
macroprolactinomas, the presence of both low PRL
levels and adenoma disappearance provided 67 % assur-
ance for permanent or very long-standing remission,
compared with only 22 % assurance for patients with a
visible remnant on MRI [42].
Other treatments
Surgery
Medical treatment with DAs is the preferred first-line
treatment for macroprolactinomas [6, 9, 10], as it is
highly effective in most patients (Table 1). However,
there are several indications for pituitary surgery that
might be applicable for a selected group of patients,
specifically those who cannot tolerate, or are resistant
to therapy with DAs, patients that seek fertility and
harbor adenomas that impinge on the optic chiasm,
psychiatric patients with contraindication to DA treat-
ment and patients presenting with pituitary apoplexy
or CSF leak [6]. Cystic prolactinoma is a unique entity,
which usually does not shrink enough under DA treat-
ment and surgery should be considered in invasive
cases [6, 9, 10].
The preferred surgical approach is a trans-

sphenoidal operation, whereas the trans-cranial ap-
proach is reserved for large inaccessible tumors. The
success rates depend on the experience of the neuro-
surgeon [9], but even with experienced surgeons, the
chance for persistent hyperprolactinemia may be high
[43–46]. The expected success rate for normalizing
PRL post-operatively is 65–85 % for microprolactino-
mas but less than 40 % for macroprolactinomas [47].
Furthermore, the long-term cure rate, defined by nor-
mal PRL levels, was only 16 % for macroprolactinomas
[47]. Thus, pituitary surgery for macroprolactinomas
usually results in significant tumor debulking, but
without PRL normalization.
Radiotherapy
Radiotherapy is rarely used for PRL-secreting tumors.
Radiotherapy confers several significant adverse effects,
including vascular damage and increased future risk for
stroke, hypopituitarism, damage to the optic chiasm and
secondary brain tumors [9]. Radiotherapy is advised in
cases of DA resistance, malignant prolactinoma and un-
successful surgery [48, 49].
There are several radiotherapy techniques available.

Fractionated stereotactic radiotherapy is saved for
large lesions and requires 25–30 divided doses [50].
By contrast, radiosurgery techniques (e.g., gamma
knife, cyber knife, proton beam) might facilitate the
required radiation delivery in a single dose. Radiosur-
gery achieved biochemical remission in 27 % after
36 months and demonstrated improvement in 54 % of
patients with invasive prolactinomas [51]. In compari-
son, gamma knife radiosurgery achieved a remission rate
in 42 % of patients with Cushing’s disease, 22 months
following radiation [52] and in 50 % of patients with
growth hormone secreting pituitary adenomas after
36 months [53].
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Complications
Mass effect
The growing pituitary mass may impinge the surround-
ing structures, depending on the direction and severity
of the extension. Organs that might be harmed include
the optic chiasm, the cranial nerves located in the cav-
ernous sinuses (namely the optic, trochlear, abducens
and two branches of the trigeminal nerves) and other
adjacent structures, such as the temporal lobe, the
nasal cavity and sinuses, the internal ear and the thal-
amus. The related symptoms are mainly headaches and
neuro-ophthalmological, including visual field alter-
ations and ophthalmoplegia. Giant prolactinomas
might also affect remote tissues (see paragraph entitled
“Giant Prolactinomas”).
Visual field defects occur more often in larger aden-

omas [6] and necessitate the evaluation of visual fields in
lesions abutting the optic chiasm [9]. The treatment of
choice for tumors causing visual field defects is DA and
recovery is expected in 75 % of patients, with early ef-
fects a few weeks following treatment initiation [30]. In
our summary of the data of 72 patients with macropro-
lactinomas and visual field defects treated with DAs,
83 % (60/72) improved their vision following medical
treatment (Table 2).

Hypopituitarism
Several studies evaluated the rates of pituitary axes dys-
function in patients harboring macroprolactinomas and
the recovery rates of these deficits following treatment
[30, 35, 54, 55]. The gonadotroph axis is most often dam-
aged (73–86 %), presumably due to the double effect of
the macroprolactinoma on this axis: increased pressure on
the gonadotroph cells from the expanding mass and
suppression of GnRH secretion by PRL effect in the
hypothalamus [7]. Nevertheless, as has been previously
shown [56], normal testosterone levels do not exclude
the presence of PRL-secreting adenoma. Central
hypothyroidism and hypocortisolism might also be
Table 2 Effect of medical therapy on visual field defects in patients

Author (year) n(M/F) VFD n(%) V

Ferrari CI (1997) [29] 85 (29/56) 12/85 (14 %) 6

Colao A (1997) [22] 23 (8/15) 10/23 (43 %) 9

Pinzone JJ (2000) [101] 34 (34/0) 14/19 (74 %) 1

Pontikides N (2000) [23] 12 (6/6) 4/12 (33 %) 3

Sibal L (2002) [35] 35 (35/0) 18/35 (51 %) 1

Corsello SM (2003) [17] 10 (10/0) 7/10 (70 %) 6

Shimon I (2007) [16] 12 (12/0) 7/12 (58 %) 7

Total 211 (134/77) 72/196 (37 %) 6

DA Any dopamine agonist, CAB Cabergoline only
aFour patients had secondary visual field deterioration due to optic chiasmal tractio
induced by macroprolactinomas, though less often
(18–41 % and 12–23 %, respectively) [30, 35, 54, 55].
Somatotroph axis evaluation is limited in patients with
PRL-secreting tumors, due to the possibility of GH and
PRL co-secretion in 10 % of these adenomas.
Recovery of the gonadotroph axis was reported in

most patients with macroprolactinomas [21, 30, 54, 55].
The data regarding other pituitary hormones is less con-
sistent. We found some recovery of the corticotrophs
with no thyrotroph recovery [55], Colao et al. [30],
found similar patterns, Karavitaki et al. [21] showed re-
covery of thyrotrophs in 25 % of affected patients but no
recovery of ACTH secretion and Sibal et al. [35] demon-
strated re-secretion of both ACTH and TSH in some pa-
tients in their cohort.

Cerebrospinal fluid leak
A leak in the CSF is usually iatrogenic, due to surgery or
aggressive DA treatment, although it might be the pre-
senting symptom in some macroprolactinomas [17, 19,
57, 58]. In a recent report on this complication of vari-
ous pituitary adenomas [59], PRL-secreting tumors
were reported in 81 % (42/52) of cases, many of these
being giant prolactinomas. Meningitis, a complication
of CSF exposed to the outer environment, was reported
in 15–20 % of cases [60].
Apoplexy
Pituitary apoplexy is characterized by a rapid enlargement
of the pituitary due to hemorrhage or infarct [61]. Al-
though this is an uncommon complication, it is potentially
life threatening, characterized by severe and abrupt head-
ache, together with nausea, vertigo and meningismus [62].
Other symptoms might include acute hypopituitarism and
neurologic compromise, including deteriorated conscious-
ness, ophthalmoplegia and restriction of visual fields. Al-
though the syndrome is usually acute and obvious, it may
be subtle or even clinically silent [62].
with macroprolactinomas

FD improved n(%) Treatment Unique study characteristics

/12 (50 %) CAB

/10 (90 %) CAB Low dose CAB

1/14 (79 %) DA Primary medical therapy

/4 (75 %) CAB CAB as 1st line therapy

8/18 (100 %)a DA Medical therapy

/7 (86 %) CAB CAB for giant prolactinomas

/7 (100 %) CAB Giant prolactinomas

0/72 (83 %)

n, after primary improvement
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Among pituitary tumors, apoplexy tends to occur in
larger lesions, due to increased discrepancy between the
rate of neoplastic progression and blood supply [62].
Lubina et al. [63] reported a group of 40 patients pre-
senting with pituitary apoplexy, of them 63 % harbored
non-secreting adenomas (NFPAs) and 31 % - prolactino-
mas. Semple et al. [61] showed that 77 % of patients
with pituitary apoplexy (48/62) had pathologically con-
firmed NFPAs, while only one had prolactinoma [61].
Importantly, not only treatment with DAs might cause
apoplexy, but also its withdrawal [64], possibly due to
rapid re-growth of the adenoma [65].
The management of pituitary apoplexy depends on

the clinical manifestations and their severity. A main
consequence of apoplexy is the adrenal crisis. Thus, ad-
ministration of hydrocortisone is indicated immediately
on diagnosis, in addition to appropriate glucocorticoid
coverage afterwards. Transsphenoidal surgery for de-
compression of the sella is indicated in patients with
significant visual compromise or with a diminished
level of consciousness [9, 62], whereas conservative
management is optional for others. Furthermore, pa-
tients with apoplexy secondary to prolactinomas, with-
out indications for surgery, were treated with DA with
a good clinical outcome [63].

Special populations
Postmenopausal women
Women usually present with microprolactinomas, in the
age range of 20–40 years, whereas men more frequently
present with macroprolactinomas [66, 67]. Interestingly,
postmenopausal women tend to present with larger and
more invasive tumors compared with premenopausal pa-
tients [68]. The classical explanation for this phenomenon
is the early recognition of hyperprolactinemia due to men-
strual disturbances. However, others have suggested that
the low estrogen milieu might be associated with greater
growth potential [3] and increased mitotic activity [2],
though this notion is still controversial.
Shimon et al. [68] described a group of 14 postmeno-

pausal women with prolactinomas. Thirteen (93 %) har-
bored macroprolactinomas, 4 of them giants (maximal
diameter, 38–50 mm). Among patients treated with CAB,
83 % achieved normal PRL levels, 2–6 months following
treatment initiation. The symptoms of six patients pre-
senting with visual disturbances or diplopia were resolved
following medical treatment. The authors concluded that
despite the large and invasive tumors included in this
unique group, they responded well to DA treatment.

Elderly
Macroprolactinomas might present at any age, though
its prevalence decreases in the elderly [1, 3]. The preva-
lence of macroprolactinomas is higher in men, albeit
they tend to present as macroadenomas both among
older men and women [3, 68, 69]. There are several
challenges in the diagnosis of such patients. First, symp-
toms of hypopituitarism in general and hypogonadism in
particular are less frequent in older patients with prolac-
tinomas [70] and might be mistakenly attributed to
other comorbidities, which are common in this age
group [71]. Second, visual disturbances might also re-
main undetected [70] or masked by other eye patholo-
gies [71], such as cataract. Dopamine agonists are the
mainstay of treatment and are usually effective in the
elderly [70], with a lower incidence of DA resistance
compared to younger patients. Nevertheless, in the se-
lected cases requiring surgery, this latter option is safe in
the elderly, as shown for NFPAs [72, 73].

Children
Prolactinoma is the most prevalent pituitary adenoma in
children, representing half of these patients [74]. Never-
theless, prolactinomas are rare among children, although
other pituitary adenomas in this age group were com-
parable to adults [75]. Most children harboring PRL-
secreting tumors have macroadenomas [74], which
might explain their tendency to develop neurologic com-
plications. The presenting symptoms are usually delayed
puberty and in girls primary amenorrhea and galactor-
rhea [9, 76]. Prolactin-secreting adenomas were reported
in the context of the Familial Isolated Pituitary Adenoma
(FIPA) syndrome linked to AIP gene mutation, although
it is usually associated with acromegaly [77–79]. Screen-
ing for the Multiple Endocrine Neoplasia type 1 (MEN1)
syndrome in the mutations of the menin gene might also
be possible [80]. Salenave et al. [76] found mutations in
AIP and menin in 9 % and 5 %, respectively, in children
with macroprolactinomas. In this cohort, 74 % of pa-
tients (56/76) normalized PRL following DA treatment
and tumor shrinkage was achieved in 76 % (56/74) of
patients, with a median CAB dose of 1.5 mg/week.
Seventeen children in this group required surgery and 2
patients underwent radiotherapy.

Pregnancy
Pregnant women with macroprolactinomas constitute a
unique challenge to the clinician. Diagnostically, PRL
gradually increases throughout pregnancy and cannot be
used for the estimation of tumor size dynamics. Never-
theless, 30 % of macroadenomas grow during pregnancy
[6, 81]. This is attributable to lactotroph hyperplasia in
the estrogen milieu developed during pregnancy. Rou-
tine MRI follow-up during pregnancy is not indicated
for intra-sellar adenomas without clinical signs of tumor
growth [9, 10]. However, severe headache and/or visual
disturbances should prompt formal visual field assess-
ment and MRI, if needed.
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Therapeutically, since DAs cross the placenta, treat-
ment for hyperprolactinemia should be avoided during
pregnancy if possible [9, 10]. However, this is difficult to
implement, since pregnancy is usually diagnosed at week
5 (with delayed menstruation), by then the critical
period of organogenesis has already started [82]. The
safety of BRC during pregnancy was confirmed widely
[83, 84], as was for CAB, though to a lesser extent [81,
85–91]. Thus, in case of a large adenoma or symptom-
atic growth during pregnancy, treatment with BRC
should be initiated [10]. In the rare case of a woman
who is planning pregnancy and who has a resistant
macroprolactinoma or has intolerability to DA, pituitary
surgery before pregnancy should be considered [10].
Giant prolactinomas
Giant prolactinomas are defined as adenomas larger
than 40 mm [57]. Although these tumors consist only
2–3 % of all prolactinomas, they present some thera-
peutic challenges and unique complications. Giant pro-
lactinomas may invade relatively remote structures and
present with clinical manifestations including epistaxis,
proptosis, nasal obstruction, hydrocephalus, tinnitus,
hearing deficits and temporal epilepsy [48, 57].
A possible pitfall in the diagnosis of giant prolactino-

mas is the “high dose hook effect”. When measuring
PRL levels using a two-site immunometric method, such
as immunoradiometric assay (IRMA) or chemilumines-
cent immunoassay (ICMA), a very high PRL concentra-
tion might saturate the binding sites, causing falsely low
PRL results. The practical solution when evaluating large
pituitary masses, is to repeat the measurement of PRL
levels after dilution of the blood sample [92].
Maiter et al. [57] published a recent review on giant

prolactinomas. Prolactin response to DA (defined as PRL
<25 ng/ml) was achieved in 60 % (58/97) of the patients in
their cohort. Maiter also showed that medical treatment
with DAs achieved significant tumor shrinkage (>50 %) in
most patients, though no reliable pretreatment predictor
for shrinkage was identified [57]. In other reports, DAs
were also very effective in achieving prompt relief of
hydrocephalus caused by giant prolactinomas [93, 94]. It
is important to avoid treatment initiation with high DA
doses, thus to decrease the probability for complications,
such as CSF leak and tumor apoplexy [95].
Surgery is a second line option for the treatment of

giant prolactinomas, as it confers morbidity risks [67]
and usually fails to normalize PRL or to remove the en-
tire tumor [96, 97]. From 97 patients with giant prolacti-
nomas, only 14 required operation [57]. The indications
for surgery were intolerance to DA, CSF rhinorrhea and
resistance to DA with insufficient response or tumor
progression [57].
Malignant prolactinomas
Malignant pituitary tumors are rare, with prolactinomas
constituting about third [98]. The initial presentation of
malignant prolactinomas may be identical to benign in-
vasive macroprolactinomas [99]. However, the develop-
ment of DA resistance in a compliant patient or increase
in PRL in discrepancy with stable sellar mass, should
serve as a red alert for malignancy or distant metastases
and prompt further investigation including pituitary bi-
opsy. Metastases of malignant prolactinomas involve
most commonly the central nervous system, but 40 %
may show systemic spread to bones, lymph nodes, lungs
and ovaries [98].
The management of malignant prolactinomas consists

of medical therapy, surgery, radiotherapy and chemo-
therapy. Dopamine agonists should be used in the high-
est tolerable dose to control the hyperprolactinemia [99].
Surgical management should be individualized, and sur-
gical debulking can be performed as palliation, but is
rarely curative [99]. Radiotherapy can be employed in ei-
ther fractionated or radiosurgery techniques, depending
on the spread and location of the lesions (see above
“Other treatments – Radiotherapy”). Temozolomide is
an alkylating agent used for pituitary carcinomas, which
depletes the DNA repairing enzyme o-methyl guanine
DNA methyltransferase (MGMT), but has shown limited
biochemical or tumoral effect in patients with malignant
prolactinomas [100]. The prognosis of PRL-secreting
carcinomas is poor, with only 60 % of patients surviving
more than 1 year [98].

Conclusions
Prolactin-secreting macroadenomas are more common
among men and older patients. Although they com-
monly present as large and invasive tumors, they usually
respond to treatment with DAs and treatment in most
cases is well tolerated. However, there are unique char-
acteristics in different patient populations that might
affect clinical therapeutic decisions and prognosis.

Abbreviations
ACTH: Adrenocorticotropic hormone; BRC: Bromocriptine; CAB: Cabergoline;
CSF: Cerebrospinal fluid; DA: Dopamine agonist; DNA: Deoxyribonucleic acid;
GH: Growth hormone; GnRH: Gonadothropin releasing hormone; MGMT:
o-methyl guanine DNA methyltransferase; NFPA: Non-functioning pituitary
adenoma; PRL: Prolactin; TSH: Thyroid stimulating hormone.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AT – Literature review and manuscript writing, IS – Literature review and
manuscript writing. Both authors read and approved the final manuscript.

Acknowledgments
The authors thank Mrs. Sara Dominitz for the manuscript editing assistance.



Tirosh and Shimon Clinical Diabetes and Endocrinology  (2015) 1:5 Page 7 of 8
Received: 24 March 2015 Accepted: 27 May 2015

References
1. Mindermann T, Wilson CB. Age-related and gender-related occurrence of

pituitary adenomas. Clin Endocrinol (Oxf). 1994;41:359–64.
2. Calle-Rodrigue RD, Giannini C, Scheithauer BW, Lloyd RV, Wollan PC, Kovacs KT,

et al. Prolactinomas in male and female patients: a comparative
clinicopathologic study. Mayo Clin Proc. 1998;73:1046–52.

3. Delgrange E, Trouillas J, Maiter D, Donckier J, Tourniaire J. Sex-related difference
in the growth of prolactinomas: a clinical and proliferation marker study. J Clin
Endocrinol Metab. 1997;82:2102–7.

4. Schlechte JA. Long-term management of prolactinomas. J Clin Endocrinol
Metab. 2007;92:2861–5.

5. Schlechte JA. Prolactinoma. N Engl J Med. 2003;349:2035–41.
6. Klibanski A. Prolactinomas. N Engl J Med. 2010;362:1219–26.
7. Ciccarelli A, Guerra E, Rosa M, Milone F, Zarrilli S, Lombardi G, et al. PRL

secreting adenomas in male patients. Pituitary. 2005;8:39–42.
8. Wang AT, Mullan RJ, Lane MA, Hazem A, Prasad C, Gathaiya NW, et al.

Treatment of hyperprolactinemia: a systematic review and meta-analysis.
Syst Rev. 2012;1:33.

9. Casanueva FF, Molitch ME, Schlechte JA, Abs R, Bonert V, Bronstein MD,
et al. Guidelines of the Pituitary Society for the diagnosis and management
of prolactinomas. Clin Endocrinol (Oxf). 2006;65:265–73.

10. Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte JA,
et al. Diagnosis and treatment of hyperprolactinemia: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2011;96:273–88.

11. Gillam MP, Molitch ME, Lombardi G, Colao A. Advances in the Treatment of
Prolactinomas. Endocr Rev. 2013;27:485–534.

12. Delgrange E, Maiter D, Donckier J. Effects of the dopamine agonist
cabergoline in patients with prolactinoma intolerant or resistant to
bromocriptine. Eur J Endocrinol. 1996;134:454–6.

13. Di Sarno A, Landi ML, Cappabianca P, Di Salle F, Rossi FW, Pivonello R, et al.
Resistance to cabergoline as compared with bromocriptine in
hyperprolactinemia: Prevalence, clinical definition, and therapeutic strategy.
J Clin Endocrinol Metab. 2001;86(April):5256–61.

14. Colao A, Di Sarno A, Sarnacchiaro F, Ferone D, Di Renzo G, Merola B, et al.
Prolactinomas resistant to standard dopamine agonists respond to chronic
cabergoline treatment. J Clin Endocrinol Metab. 1997;82:876–83.

15. Webster J, Piscitelli G, Polli A, Ferrari CI, Ismail I, Scanlon MF. A comparison
of cabergoline and bromocriptine in the treatment of hyperprolactinemic
amenorrhea. Cabergoline Comparative Study Group. N Engl J Med.
1994;331:904–9.

16. Shimon I, Benbassat C, Hadani M. Effectiveness of long-term cabergoline
treatment for giant prolactinoma: Study of 12 men. Eur J Endocrinol.
2007;156:225–31.

17. Corsello SM, Ubertini G, Altomare M, Lovicu RM, Migneco MG, Rota CA,
et al. Giant prolactinomas in men: Efficacy of cabergoline treatment. Clin
Endocrinol (Oxf). 2003;58:662–70.

18. Cho EH, Lee SA, Chung JY, Koh EH, Cho YH, Kim JH, et al. Efficacy and safety
of cabergoline as first line treatment for invasive giant prolactinoma.
J Korean Med Sci. 2009;24(April 2003):874–8.

19. Bhansali A, Walia R, Dutta P, Khandelwal N, Sialy R, Bhadada S. Efficacy of
cabergoline on rapid escalation of dose in men with macroprolactinomas.
Indian J Med Res. 2010;131:530–5.

20. Ono M, Miki N, Amano K, Kawamata T, Seki T, Makino R, et al. Individualized
high-dose cabergoline therapy for hyperprolactinemic infertility in women
with micro- and macroprolactinomas. J Clin Endocrinol Metab.
2010;95(February):2672–9.

21. Karavitaki N, Dobrescu R, Byrne JV, Grossman AB, Wass JAH. Does
hypopituitarism recover when macroprolactinomas are treated with
cabergoline? Clin Endocrinol (Oxf). 2013;79:217–23.

22. Colao A, Di Sarno A, Landi ML, Cirillo S, Sarnacchiaro F, Facciolli G, et al. Long-
term and low-dose treatment with Cabergoline induces macroprolactinoma
shrinkage. J Clin Endocrinol Metab. 1997;82:3574–9.

23. Pontikides N, Krassas GE, Nikopoulou E, Kaltsas T. Cabergoline as a first-line
treatment in newly diagnosed macroprolactinomas. Pituitary. 2000;2:277–81.

24. Colao A, Vitale G, Cappabianca P, Briganti F, Ciccarelli A, De Rosa M, et al.
Outcome of cabergoline treatment in men with prolactinoma: Effects of a
24-month treatment on prolactin levels, tumor mass, recovery of pituitary
function, and semen analysis. J Clin Endocrinol Metab. 2004;89:1704–11.
25. De Rosa M, Ciccarelli A, Zarrilli S, Guerra E, Gaccione M, Di Sarno A, et al. The
treatment with cabergoline for 24 month normalizes the quality of seminal
fluid in hyperprolactinaemic males. Clin Endocrinol (Oxf). 2006;64:307–13.

26. Raverot G, Jacob M, Jouanneau E, Delemer B, Vighetto A, Pugeat M, et al.
Secondary deterioration of visual field during cabergoline treatment for
macroprolactinoma. Clin Endocrinol (Oxf). 2009;70:588–92.

27. Colao A, Di Sarno A, Guerra E, Pivonello R, Cappabianca P, Caranci F, et al.
Predictors of remission of hyperprolactinaemia after long-term withdrawal
of cabergoline therapy. Clin Endocrinol (Oxf). 2007;67:426–33.

28. Molitch ME. Management of medically refractory prolactinoma.
J Neurooncol. 2014;117:421–8.

29. Ferrari CI, Abs R, Bevan JS, Brabant G, Ciccarelli E, Motta T, et al. Treatment
of macroprolactinoma with cabergoline: a study of 85 patients. Clin
Endocrinol (Oxf). 1997;46:409–13.

30. Colao A, Di Sarno A, Landi ML, Scavuzzo F, Cappabianca P, Pivonello R, et al.
Macroprolactinoma shrinkage during cabergoline treatment is greater in
naive patients than in patients pretreated with other dopamine agonists: A
prospective study in 110 patients. J Clin Endocrinol Metab. 2000;85:2247–52.

31. Molitch ME, Elton RL, Blackwell RE, Caldwell B, Chang RJ, Jaffe R, et al.
Bromocriptine as primary therapy for prolactin-secreting macroadenomas: results
of a prospective multicenter study. J Clin Endocrinol Metab. 1985;60:698–705.

32. Biller BM, Molitch ME, Vance ML, Cannistraro KB, Davis KR, Simons JA, et al.
Treatment of prolactin-secreting macroadenomas with the once-weekly
dopamine agonist cabergoline. J Clin Endocrinol Metab. 1996;81:2338–43.

33. Molitch ME. Pharmacologic resistance in prolactinoma patients. Pituitary.
2005;8:43–52.

34. Vroonen L, Jaffrain-Rea ML, Petrossians P, Tamagno G, Chanson P, Vilar L,
et al. Prolactinomas resistant to standard doses of cabergoline: A multicenter
study of 92 patients. Eur J Endocrinol. 2012;167:651–62.

35. Sibal L, Ugwu P, Kendall-Taylor P, Ball SG, James RA, Pearce SHS, et al.
Medical therapy of macroprolactinomas in males: I. prevalence of
hypopituitarism at diagnosis. II. Proportion of cases exhibiting recovery of
pituitary function. Pituitary. 2002;5:243–6.

36. Jones SE, James RA, Hall K, Kendall-Taylor P. Optic chiasmal herniation–an
under recognized complication of dopamine agonist therapy for
macroprolactinoma. Clin Endocrinol (Oxf). 2000;53:529–34.

37. Wakil A, Rigby AS, Clark AL, Kallvikbacka-Bennett A, Atkin SL. Low dose
cabergoline for hyperprolactinaemia is not associated with clinically
significant valvular heart disease. Eur J Endocrinol. 2008;159:R11–4.

38. Vallette S, Serri K, Rivera J, Santagata P, Delorme S, Garfield N, et al. Long-
term cabergoline therapy is not associated with valvular heart disease in
patients with prolactinomas. Pituitary. 2009;12:153–7.

39. Shrivastava RK, Arginteanu MS, King WA, Post KD. Giant prolactinomas:
clinical management and long-term follow up. J Neurosurg. 2002;97:299–306.

40. Green AI, Sherlock M, Stewart PM, Gittoes NJ, Toogood AA. Extensive
experience in the management of macroprolactinomas. Clin Endocrinol
(Oxf). 2014;81:85–92.

41. Leong KS, Foy PM, Swift AC, Atkin SL, Hadden DR, MacFarlane IA. CSF
rhinorrhoea following treatment with dopamine agonists for massive
invasive prolactinomas. Clin Endocrinol (Oxf). 2000;52:43–9.

42. Colao A, Di Sarno A, Cappabianca P, Di Somma C, Pivonello R, Lombardi G.
Withdrawal of long-term cabergoline therapy for tumoral and nontumoral
hyperprolactinemia. N Engl J Med. 2003;349:2023–33.

43. Bevan JS, Adams CB, Burke CW, Morton KE, Molyneux AJ, Moore RA, et al.
Factors in the outcome of transsphenoidal surgery for prolactinoma and
non-functioning pituitary tumour, including pre-operative bromocriptine
therapy. Clin Endocrinol (Oxf). 1987;26:541–56.

44. Losa M, Mortini P, Barzaghi R, Gioia L, Giovanelli M. Surgical treatment of
prolactin-secreting pituitary adenomas: early results and long-term outcome.
J Clin Endocrinol Metab. 2002;87:3180–6.

45. Nomikos P, Buchfelder M, Fahlbusch R. Current management of
prolactinomas. J Neurooncol. 2001;54:139–50.

46. Thomson JA, Davies DL, McLaren EH, Teasdale GM. Ten year follow up of
microprolactinoma treated by transsphenoidal surgery. BMJ. 1994;309:1409–10.

47. Bloomgarden E, Molitch ME. Surgical treatment of prolactinomas: cons.
Endocrine. 2014;47:730–3.

48. Iglesias P, Díez JJ. Macroprolactinoma: a diagnostic and therapeutic update.
QJM. 2013;106:495–504.

49. Sheplan Olsen LJ, Robles Irizarry L, Chao ST, Weil RJ, Hamrahian AH,
Hatipoglu B, et al. Radiotherapy for prolactin-secreting pituitary tumors.
Pituitary. 2012;15:135–45.



Tirosh and Shimon Clinical Diabetes and Endocrinology  (2015) 1:5 Page 8 of 8
50. Ding D, Starke RM, Sheehan JP. Treatment paradigms for pituitary
adenomas: defining the roles of radiosurgery and radiation therapy.
J Neurooncol. 2014;117:445–57.

51. Liu X, Kano H, Kondziolka D, Park K-J, Iyer A, Shin S, et al. Gamma knife
stereotactic radiosurgery for drug resistant or intolerant invasive prolactinomas.
Pituitary. 2013;16:68–75.

52. Castinetti F, Nagai M, Dufour H, Kuhn J-M, Morange I, Jaquet P, et al.
Gamma knife radiosurgery is a successful adjunctive treatment in Cushing’s
disease. Eur J Endocrinol. 2007;156:91–8.

53. Pollock BE, Jacob JT, Brown PD, Nippoldt TB. Radiosurgery of growth
hormone-producing pituitary adenomas: factors associated with
biochemical remission. J Neurosurg. 2007;106:833–8.

54. Iglesias P, Bernal C, Villabona C, Castro JC, Arrieta F, Díez JJ. Prolactinomas in
men: A multicentre and retrospective analysis of treatment outcome.
Clin Endocrinol (Oxf). 2012;77:281–7.

55. Tirosh A, Benbassat C, Lifshitz A, Shimon I. Hypopituitarism patterns and
prevalence among men with macroprolactinomas. Pituitary. 2015;18:108–15.

56. Shimon I, Benbassat C. Male prolactinomas presenting with normal
testosterone levels. Pituitary. 2014;17:246–50.

57. Maiter D, Delgrange E. Therapy of endocrine disease: The challenges in
managing giant prolactinomas. Eur J Endocrinol. 2014;170:213–27.

58. Grozinsky-Glasberg S, Shimon I. Unusual clinical presentations of giant
prolactinomas. Pituitary. 2011;14:340–4.

59. Lam G, Mehta V, Zada G. Spontaneous and medically induced cerebrospinal
fluid leakage in the setting of pituitary adenomas: review of the literature.
Neurosurg Focus. 2012;32:E2.

60. Cappabianca P, Lodrini S, Felisati G, Peca C, Cozzi R, Di Sarno A, et al.
Cabergoline-induced CSF rhinorrhea in patients with macroprolactinoma.
Report of three cases. J Endocrinol Invest. 2001;24:183–7.

61. Semple PL, Webb MK, De Villiers JC, Laws ER. Pituitary apoplexy.
Neurosurgery. 2005;56:65–72.

62. Verrees M, Arafah BM, Selman WR. Pituitary tumor apoplexy: characteristics,
treatment, and outcomes. Neurosurg Focus. 2004;16:E6.

63. Lubina A, Olchovsky D, Berezin M, Ram Z, Hadani M, Shimon I. Management
of pituitary apoplexy: clinical experience with 40 patients. Acta Neurochir
(Wien). 2005;147:151–7. discussion 157.

64. Biousse V, Newman NJ, Oyesiku NM. Precipitating factors in pituitary
apoplexy. J Neurol Neurosurg Psychiatry. 2001;71:542–5.

65. Yamaji T, Ishibashi M, Kosaka K, Fukushima T, Hori T, Manaka S, et al.
Pituitary apoplexy in acromegaly during bromocriptine therapy. Acta
Endocrinol (Copenh). 1981;98:171–7.

66. Colao A, Sarno AD, Cappabianca P, Briganti F, Pivonello R, Somma CD, et al.
Gender differences in the prevalence, clinical features and response to
cabergoline in hyperprolactinemia. Eur J Endocrinol. 2003;148:325–31.

67. Gillam MP, Molitch ME, Lombardi G, Colao A. Advances in the treatment of
prolactinomas. Endocr Rev. 2006;27(May):485–534.

68. Shimon I, Bronstein MD, Shapiro J, Tsvetov G, Benbassat C, Barkan A.
Women with prolactinomas presented at the postmenopausal period.
Endocrine. 2014;47:889–94.

69. Delgrange E, Raverot G, Bex M, Burman P, Decoudier B, Devuyst F, et al.
Giant prolactinomas in women. Eur J Endocrinol. 2014;170:31–8.

70. Delgrange E, Maiter D, Donckier J, Tourniaire J. Influence of age on the
clinical presentation of prolactinomas in male patients. Gerontology.
1999;45:160–4.

71. Kitchen T, Coles R, Smith A, Baglioni P, Okosieme OE. Giant prolactinoma in
an elderly man. J Am Geriatr Soc. 2010;58:1402–4.

72. Robenshtok E, Benbassat CA, Hirsch D, Tzvetov G, Cohen ZR, Iraqi HM, et al.
Clinical course and outcome of nonfunctioning pituitary adenomas in the
elderly compared with younger age groups. Endocr Pract. 2014;20:159–64.

73. Benbow SJ, Foy P, Jones B, Shaw D, MacFarlane IA. Pituitary tumours
presenting in the elderly: management and outcome. Clin Endocrinol (Oxf).
1997;46:657–60.

74. Fideleff HL, Boquete HR, Sequera A, Suárez M, Sobrado P, Giaccio A.
Peripubertal prolactinomas: clinical presentation and long-term outcome with
different therapeutic approaches. J Pediatr Endocrinol Metab. 2000;13:261–7.

75. Raappana A, Koivukangas J, Ebeling T, Pirilä T. Incidence of pituitary
adenomas in Northern Finland in 1992–2007. J Clin Endocrinol Metab.
2010;95:4268–75.

76. Salenave S, Ancelle D, Bahougne T, Raverot G, Kamenicky P, Bouligand J,
Guichon-Mantel A, Linglart A, Souchon P-F, Nicolino M, Young J, Borson-
Chazot F, Delemer B, Chanson P: Macroprolactinomas in children and
adolescents: Factors associated with the response to treatment in 77
patients. J Clin Endocrinol Metab. 2015;100:1177–86. jc20143670.

77. Vierimaa O, Georgitsi M, Lehtonen R, Vahteristo P, Kokko A, Raitila A, et al.
Pituitary adenoma predisposition caused by germline mutations in the AIP
gene. Science. 2006;312:1228–30.

78. Chahal HS, Stals K, Unterländer M, Balding DJ, Thomas MG, Kumar AV, et al.
AIP mutation in pituitary adenomas in the 18th century and today. N Engl J
Med. 2011;364:43–50.

79. Cazabat L, Bouligand J, Chanson P. AIP mutation in pituitary adenomas.
N Engl J Med. 2011;364:1973–4. author reply 1974–5.

80. Lecoq A-L, Kamenický P, Guiochon-Mantel A, Chanson P. Genetic mutations
in sporadic pituitary adenomas-what to screen for? Nat Rev Endocrinol.
2015;11:43–54.

81. Molitch ME. Pregnancy and the hyperprolactinemic woman. N Engl J Med.
1985;312:1364–70.

82. Laurberg P, Andersen SL: Antithyroid drug use in early pregnancy and birth
defects. Time windows of relative safety and high risk? Eur J Endocrinol.
2014;171:R13–20.

83. Konopka P, Raymond JP, Merceron RE, Seneze J. Continuous administration
of bromocriptine in the prevention of neurological complications in pregnant
women with prolactinomas. Am J Obstet Gynecol. 1983;146:935–8.

84. Krupp P, Monka C. Bromocriptine in pregnancy: safety aspects. Klin
Wochenschr. 1987;65:823–7.

85. Robert E, Musatti L, Piscitelli G, Ferrari CI: Pregnancy outcome after treatment
with the ergot derivative, cabergoline. Reprod Toxicol. 1996;10:333–7.

86. Ciccarelli E, Grottoli S, Razzore P, Gaia D, Bertagna A, Cirillo S, et al. Long-
term treatment with cabergoline, a new long-lasting ergoline derivate, in
idiopathic or tumorous hyperprolactinaemia and outcome of drug-induced
pregnancy. J Endocrinol Invest. 1997;20:547–51.

87. Jones J, Bashir T, Olney J, Wheatley T. Cabergoline treatment for a large
macroprolactinoma throughout pregnancy. J Obstet Gynaecol. 1997;17:375–6.

88. Liu C, Tyrrell JB. Successful treatment of a large macroprolactinoma with
cabergoline during pregnancy. Pituitary. 2001;4:179–85.

89. Molitch ME. Management of prolactinomas during pregnancy. J Reprod
Med. 1999;44(12 Suppl):1121–6.

90. Ricci E, Parazzini F, Motta T, Ferrari CI, Colao A, Clavenna A, Rocchi F, Gangi E,
Paracchi S, Gasperi M, Lavezzari M, Nicolosi AE, Ferrero S, Landi ML,
Beck-Peccoz P, Bonati M. Pregnancy outcome after cabergoline treatment in
early weeks of gestation. Reprod Toxicol. 2002;16:791–3.

91. Glezer A, Bronstein MD. Prolactinomas, cabergoline, and pregnancy.
Endocrine. 2014;47:64–9.

92. Barkan AL, Chandler WF. Giant pituitary prolactinoma with falsely low serum
prolactin: the pitfall of the “high-dose hook effect”: case report.
Neurosurgery. 1998;42:913–5. discussion 915–6.

93. Iglesias P, Macho LP, Díez JJ. Resolution of macroprolactinoma-induced
symptomatic hydrocephalus following cabergoline therapy. Age Ageing.
2004;33:410–2.

94. Zikel OM, Atkinson JL, Hurley DL. Prolactinoma manifesting with
symptomatic hydrocephalus. Mayo Clin Proc. 1999;74:475–7.

95. Chattopadhyay A, Bhansali A, Masoodi SR. Long-term efficacy of bromocriptine in
macroprolactinomas and giant prolactinomas in men. Pituitary. 2005;8:147–54.

96. Ciric I, Mikhael M, Stafford T, Lawson L, Garces R. Transsphenoidal
microsurgery of pituitary macroadenomas with long-term follow-up results.
J Neurosurg. 1983;59:395–401.

97. Murphy FY, Vesely DL, Jordan RM, Flanigan S, Kohler PO. Giant invasive
prolactinomas. Am J Med. 1987;83:995–1002.

98. Kars M, Roelfsema F, Romijn JA, Pereira AM. Malignant prolactinoma: case
report and review of the literature. Eur J Endocrinol. 2006;155:523–34.

99. Heaney AP. Clinical review: Pituitary carcinoma: difficult diagnosis and
treatment. J Clin Endocrinol Metab. 2011;96:3649–60.

100. Raverot G, Sturm N, de Fraipont F, Muller M, Salenave S, Caron P, et al.
Temozolomide treatment in aggressive pituitary tumors and pituitary carcinomas:
a French multicenter experience. J Clin Endocrinol Metab. 2010;95:4592–9.

101. Pinzone JJ, Katznelson L, Danila DC, Pauler DK, Miller CS, Klibanski A. Primary
medical therapy of micro- and macroprolactinomas in men. J Clin Endocrinol
Metab. 2000;85:3053–7.


	Abstract
	Introduction
	Review
	Medical treatment
	Dopamine agonists - PRL response
	Dopamine agonists - adenoma shrinkage
	Dopamine agonists – resistance
	Dopamine agonists – safety and side effects
	Dopamine agonists – treatment duration

	Other treatments
	Surgery
	Radiotherapy

	Complications
	Mass effect
	Hypopituitarism
	Cerebrospinal fluid leak
	Apoplexy

	Special populations
	Postmenopausal women
	Elderly
	Children
	Pregnancy
	Giant prolactinomas
	Malignant prolactinomas


	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	References



