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Abstract

Giant prolactinomas are rare and constitute only 2-3% of prolactino-
mas. They are defined as prolactinomas greater than 4 cm in size with
a prolactin level of > 1,000 pg/L. Unlike prolactinomas, giant prol-
actinomas have a male preponderance and present a decade earlier in
men as compared to women. Giant prolactinomas may present with
galactorrhea, irregular periods or decreased libido. Due to their large
size, they can involve surrounding brain structures and may present
with hydrocephalus, dizziness, seizures, deafness, and cognitive dys-
function. Laboratory assessment may reveal a falsely low prolactin
level secondary to “hook effect” which is due to saturation of the cap-
ture and detection antibodies used in the assay. Dilution of the sample
would show a paradoxical increase in prolactin levels confirming the
hook effect. Magnetic resonance imaging (MRI) is warranted to as-
sess the extent of the tumor. Dopamine agonists are the treatment of
choice in giant prolactinomas and lead to rapid resolution of symp-
toms, normalization of prolactin levels, and reduction in the size of the
tumors. Refractory giant prolactinomas may be treated with surgery,
temozolomide or radiotherapy. Giant prolactinomas can pose unique
diagnostic and management challenges because of atypical presenta-
tions and confounding laboratory assessments. We present four cases
of giant prolactinomas each presenting in a unique manner and discuss
the diagnostic and management dilemmas associated with them.
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Introduction

Giant prolactinomas are rare endocrine tumors and constitute
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only about 2-3% of prolactin-secreting tumors. They are more
common in men (nine-fold) and occur about 10 years earlier in
men as compared to women [1].They can present unique chal-
lenges in diagnosis and management as they can present with a
variety of atypical symptoms, unclear laboratory assessments
as well as resistance to conventional treatments.

We present four cases of giant prolactinomas with diverse
clinical presentations and also review the relevant literature.

Case Reports

Case 1

A 22-year-old male patient was seen in the emergency room
after a motor vehicle accident. Over the past year, he had
multiple episodes of epistaxis and had profound fatigue.
There was no other significant past medical history. Comput-
ed tomography (CT) scan showed a large suprasellar mass.
Magnetic resonance imaging (MRI) revealed a 12 cm mass
likely arising from the sella, involving bilateral cavernous
sinus with mass effects on bilateral temporal lobes causing
a midline shift of around 6 mm. The pituitary hormonal as-
sessment was significant for a very high prolactin of > 4,700
ng/mL (0 - 25 ng/mL) (Table 1) consistent with the diagno-
sis of prolactinoma. Bromocriptine was started however the
patient’s adherence to the treatment regimen was inconsist-
ent. Six months later the patient presented with clear fluid
discharge from the nose and severe headaches due to a cer-
ebrospinal fluid (CSF) leak. MRI showed an improvement in
the size of the tumor (Fig. 1). CSF analysis revealed a white
blood cell count (WBC) of 1,555 cells/mm? consistent with
the diagnosis of meningitis. The patient was started on anti-
biotics and the CSF leak repaired. Upon follow-up over the
next 8 years MRIs showed continued reduction in the size of
the tumor to 2.5 cm (Fig. 1). Prolactin levels decreased but
never completely normalized secondary to the patient’s non-
compliance.

Case 2

A 39-year-old male patient presented to the emergency room
with seizures. He had a 2-year history of macroprolactinoma
and was non-compliant with cabergoline. Seizures had started
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Table 1. Pituitary Hormonal Assessment at the Time of Diagnosis

Case 1 Case 2 Case 3 Case 4
Prolactin (0 - 25 ng/mL) > 4,700 4,568 >4,700 1.4
IGF-1 (116 - 341 ng/mL) 256 257 119 122
Total testosterone (240 - 950 ng/dL) 170 363.4 - 70
Free T4 (0.9 - 1.7 ng/dL) 1.64 0.82 0.54 1.2
ACTH (7.2 - 63.3 pg/mL) 55 43 19 5.7
Cortisol (6.2 - 19.4 ng/dL) 15 20.7 0.65 0.86
Luteinizing hormone (1.14 - 8.75 mIU/mL) 54 1.2 1.39 4.83
Follicle stimulating hormone (0.95 - 11.95 mIU/mL) 3 1.1 5.02 6.14

IGF-1: insulin like growth factor-1; T4: thyroxine; ACTH: adrenocorticotropic hormone.

4 months ago and were characterized by an aura (sensation
of warmth), olfactory hallucinations and oral automatisms.
Post-seizure, the patient experienced extreme fatigue. On ex-
amination, the patient had loss of lateral visual fields on con-
frontation testing. The pituitary hormonal panel revealed an
extremely high prolactin level of 4,568 ng/mL (0 - 25 ng/mL)
(Table 1). MRI showed a 4.5 cm sellar mass with mass effect
on the optic chiasma, extending laterally into the left temporal
lobe (Fig. 2). Electroencephalogram (EEG) showed spikes in
the left temporal area consistent with temporal lobe epilepsy.
Three months after initiation of treatment with cabergoline
there was significant improvement with prolactin decreasing
from 4,500 ng/mL to 7 ng/mL. The size of the tumor also re-
duced by 30% in 3 months. MRI done 6 years after the initial
diagnosis still showed a residual mass of 2.5 cm, perhaps most
likely due to the continued non-compliance with cabergoline

(Fig 2).
Case 3

A 17-year-old female patient presented with a history of pri-
mary amenorrhea. She did not report any headaches, galactor-
rhea or visual issues. No other significant past medical and
surgical history. She had previously presented to her pediatri-
cian and was diagnosed with constitutional delay of puberty.
Upon examination, there was no development of any second-
ary sexual characteristics. The patient was short in stature
with a height of 147.3 cm. Her expected mid-parental height
was 162.6 cm. Karyotype revealed a normal female XX chro-
mosomes ruling out Turner’s syndrome. Ultrasonography
(USG) of the abdomen showed normal prepubertal adnexal
structures. Laboratory assessment revealed normal pituitary
hormonal panel except for a very high prolactin of > 4,700
ng/mL (0 - 25 ng/mL) (Table 1). MRI of the pituitary gland
showed a 4 cm sellar mass compressing the optic chiasma
and pre-chiasma optic nerves (Fig. 3). Visual field assessment
showed bitemporal hemianopsia. She was started on cabergo-
line 1 mg twice weekly and had a dramatic response with pro-
lactin decreasing from > 4,700 ng/mL to 7.2 ng/mL; however,
the patient continued to have amenorrhea. Follow-up MRI in
9 months showed a 50% decrease in the size of the tumor

(Fig. 3).
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Case 4

A 55-year-old male patient presented with a history of progres-
sive cognitive impairment for the last 4 years. Past medical
history was significant for type 2 diabetes mellitus which was
well controlled on metformin. Vitals revealed a blood pressure
was 139/95 mm Hg, heart rate of 79/min, and a temperature
of 36.4 °C. MRI showed a large heterogeneous 7 x 6 cm mass
arising from the sellar region compressing the lateral ventri-
cles and involving the bilateral cavernous sinus. Pituitary hor-
monal assessment results done before surgery were normal ex-
cept for a low prolactin of 1.4 ng/mL (0 - 25 ng/mL) (Table 1).
Serial dilution of the sample was performed which showed no
increase in the prolactin levels eliminating hook effect. A right
frontotemporal craniotomy was performed, and most of the
tumor was excised excepting for the portion dorsal to the ante-
rior communicating artery. Postoperatively patient was started
on hydrocortisone for adrenal insufficiency. Pathology of the
tumor showed positive staining for prolactin consistent with a
prolactinoma (Fig. 4). The combination of a low prolactin but
positive immunostaining on pathology is consistent with the
diagnosis of a silent prolactinoma.

Discussion

Giant prolactinomas, by consensus, are defined as prolactino-
mas which are greater than 4 cm in size, have a prolactin level
of greater than 1,000 pg/L and do not co-secrete any other hor-
mones [2-4]. The term “giant prolactinoma” was first coined
by Symon in 1979 for prolactinomas measuring > 4 cm in size
[5]. However evidence-based guidelines for the definition of a
giant prolactinoma are lacking. Various criteria that have been
considered in the past are local invasion, extending 2 cm above
the jugulare sphenoidale, and a prolactin level of > 2,000 ng/
mL [6-8]. While giant prolactinomas can present with the clas-
sic features of a prolactinoma namely amenorrhea, galactor-
rhea, and visual field defects, they also can present in many
ways given their large size, and high prolactin levels. The diag-
nosis may also be made difficult as giant prolactinomas occur
earlier and also have a male preponderance as compared to
conventional prolactinomas.
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Figure 1. (a, b) Sagittal and coronal section of MRI showing a huge mass replacing the sphenoid sinus, extending laterally
through the cavernous sinus and middle cranial fossa, compressing bilateral temporal lobe and left midbrain, superiorly involving
the inferior third ventricle and ethmoid sinuses anteriorly. (c, d) Sagittal and coronal section of MRI 6 months after initiation of
treatment show a significant reduction in the size of the tumor with clearance of the third ventricle and ethmoid sinus and persis-
tent involvement of cavernous sinus and left temporal lobe. (e, f) Sagittal and coronal section of MRI showing a further decrease
in the size of the tumor (3.2 cm) and a reduction in the involvement of the left temporal lobe. (g, h) Sagittal and coronal section
of MR showing a further decrease in the size of the tumor (2.5 cm) and a reduction in the involvement of the left temporal lobe.
MRI: magnetic resonance imaging.
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Figure 2. (a, b) Sagittal and coronal sections of the MRI showing a 4.3 cm sellar mass exerting mass effect on the optic chiasma
and involving bilateral cavernous sinus and extending into the left temporal lobe. (c, d) Sagittal and coronal sections of the MRI 3
months later showing a decrease in the size of the sellar mass (2.7) and a decrease in the extent of temporal lobe involvement.
(e, f) Sagittal and coronal sections of the MRI after 6 years shows a persistent sellar mass (2.5 cm) with the continued involve-
ment of the left cavernous sinus. MRI: magnetic resonance imaging.

About 75% women present with amenorrhea (primary
and secondary) and 61% of men present with hypogonadism
[9]. Hypopituitarism may be noted in 33% cases of giant pro-
lactinomas. For example, the third patient in our case series
presented with primary amenorrhea and short stature due to
growth hormone deficiency.

Due to their large size and associated invasiveness, giant
prolactinomas can involve various intracranial and extracra-
nial structures (Fig. 5). Laterally, they can involve the cavern-
ous sinus and result in cranial nerve palsies. Abducens nerve
palsy can result in horizontal diplopia and is frequently the
first manifestation. Involvement of the third and fourth cranial
nerves can result in ptosis, vertical and diagonal diplopia [10-
13]. Rarely, ninth to 11th cranial nerve palsies can occur due
to tumor extension into the inferior petrosal sinus [14]. Poste-
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rior growth of the tumor can involve the cerebellum and cause
ataxia [9]. Anterior growth of the tumor can result in invasion
of the nasopharynx or orbits causing nasal stuffiness and snor-
ing or exophthalmos and optic nerve compression respectively
[15-19]. Giant prolactinomas can also invade the foramen of
Monro and result in hydrocephalus [20]. Frontal dementia can
be secondary to invasion of the frontal lobe. Temporal lobe ep-
ilepsy characterized by automatisms, smacking, and olfactory
hallucinations can be seen due to temporal lobe involvement as
noted in our third patient [21, 22].

CSF rhinorrhea can occur due to the rapid shrinkage of the
tumor once treatment with dopamine agonists has been initi-
ated. The rapid shrinkage causes tears in the dura resulting in
CSF leaks. Rarely, spontaneous CSF rhinorrhea can also be
observed [23]. Meningitis can occur if the CSF leak is not re-
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Figure 3. (a, b) Sagittal and coronal sections of the MRI showing a 4 cm sellar mass involving the left cavernous sinus and exert-
ing mass effect on the optic chiasma and prechiasmatic optic nerves. (c, d) Sagittal and coronal section of MRI 3 months later
showing a decrease in the size of the mass (3 cm) without the involvement of the cavernous sinus and no mass effect on the optic

chiasma. MRI: magnetic resonance imaging.

paired as observed in the first case [24].

Hormonal evaluation in giant prolactinomas reveals
markedly elevated high levels of prolactin (> 1,000 ug/L).
However, occasionally such high levels may be reported as
falsely low due to the “hook effect”. Prolactin is measured
by an enzyme-linked immunoassay (ELISA) assay which in-
volves the binding of a prolactin molecule to a capture anti-
body and a detection antibody. These “capture antibody-pro-
lactin-detection antibody” complexes are measured to get the
prolactin levels. In cases with extremely high prolactin levels
there is decreased formation of “capture antibody-prolactin-
detection antibody” complexes leading to a falsely low prol-
actin level being reported. Serial dilution (10 - 100 folds) of
the sample will decrease the number of prolactin molecules

in the sample, but will increase the formation of the “capture
antibody-prolactin-detection antibody” complexes leading to
an increase in prolactin level. This is known as the “hook ef-
fect” [25, 26].

CT or MRI can be used to assess the extent of involve-
ment of the tumor. Giant prolactinomas can be mistaken for
other brain tumors like meningioma, glioma or chordoma due
to their size and atypical clinical presentations. Those which
extend into the nasopharynx may be mistaken nasal polyps or
nasopharyngeal carcinoma [27, 28]. It is essential that every
skull base tumor is assessed with a prolactin level as this may
prevent unnecessary surgeries.

Dopamine agonists are the treatment of choice in giant
prolactinomas. They are sensitive to dopamine agonists, and

Figure 4. (a, b) Sagittal and coronal sections of MRI showing a giant sellar mass compressing the suprasellar structures and

ventricular system. MRI: magnetic resonance imaging.
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Figure 5. Symptoms and complications of giant prolactinomas. MRI: magnetic resonance imaging. CSF: cerebrospinal fluid.

treatment is started with conventional doses of either bro-
mocriptine or cabergoline. There is a rapid resolution of neu-
rological symptoms upon treatment with dopamine agonists.
Improvement in visual fields can be seen in as early as 5 days
even before there is a decrease in the size of the tumor [8, 29].
Hydrocephalus secondary to giant prolactinomas may forego
shunt procedures after a few days of treatment with dopamine
agonists [19, 30, 31]. Resolution of proptosis on treatment
with dopamine agonists has also been reported [17-19]. About
96% of patients experience visual improvement and 48% of
patients have complete normalization of visual fields [9]. The
decrease in size of the tumor is observed in about 74% cases,
and this can be seen even in cases where the prolactin does
not normalize. Careful monitoring for CSF leaks and pituitary
apoplexy should be done once treatment with dopamine ago-
nists has been started.

Surgery is indicated only in cases where the tumor is non-
responsive or progresses despite adequate medical treatment.
However, even after surgery, residual tumor and hyperprol-
actinemia can persist and medical treatment may need to be
continued [9]. Radiotherapy can be used in giant tumors which
are progressive as an adjunct to medical treatment; however
evidence regarding their efficacy is lacking [32]. Temozolo-
mide is an alkylating agent used in the treatment of pituitary
carcinomas which can be used in cases of resistant prolactino-
mas [33].

Somatostatin receptors (SST-1, 5 and rarely 2) are often
expressed in prolactinomas making octreotide and pasireotide
potential therapeutic options. Baldari et al demonstrated the ef-
ficacy of peptide receptor radionuclide therapy in a 58-year-old
with cabergoline resistant prolactinoma in reducing the size of
the tumor [13]. Fukuoka et al in rats and human prolactinoma
cell lines have shown lapatinib, a tyrosine kinase inhibitor has
a suppressive effect [34]. Future studies to identify novel mo-
lecular markers and therapeutic targets are needed to aid in the

management of giant prolactinomas resistant to conventional
treatment.

Conclusions

Giant prolactinomas are tumors which are greater than 4 cm in
size and have a prolactin level of greater than 1,000 pg/L. Un-
like classical prolactinomas, they show a male preponderance
(nine folds) and present 10 years earlier than conventional
prolactinomas. They can present with atypical symptoms due
to their big size and ability to invade surrounding structures.
Therefore prolactin levels need to be checked in every skull
base tumor. It should be borne in mind that a falsely low pro-
lactin level can be due to the “hook effect”, in such cases se-
rial dilutions will reveal a paradoxical increase in the prolactin
level.

Dopamine agonists are the treatment of choice and are of-
ten successful in normalizing prolactin and reducing the size of
the tumor. However, careful monitoring for pituitary apoplexy
and CSF leaks is necessary. Resistant prolactinomas may be
treated with surgery, radiotherapy or temozolomide. The role
of somatostatin receptor analog and peptide receptor radionu-
cleotide therapy in prolactinoma management needs further
research.
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