Pituitary (2007) 10:81-86
DOI 10.1007/511102-007-0014-1

CASE REPORT

Temozolomide in the treatment of an invasive prolactinoma

resistant to dopamine agonists

Lisa M. Neff - Michelle Weil - Alan Cole - Thomas R. Hedges - William Shucart -
Donald Lawrence - Jay-Jignang Zhu - Arthur S. Tischler - Ronald M. Lechan

Published online: 7 February 2007
© Springer Science+Business Media, LLC 2007

Abstract Prolactinomas are common tumors of the
anterior pituitary gland. While conventional therapies,
including dopamine agonists, transsphenoidal surgery
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and radiotherapy, are usually effective in controlling
tumor growth, some patients develop treatment-resis-
tant tumors. In this report, we describe a patient with
an invasive prolactinoma resistant to conventional
therapy that responded to the administration of the
alkylating agent, temozolomide.
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Introduction

Prolactinomas account for 40-50% of all pituitary
tumors. Most are small and do not enlarge signifi-
cantly over time [1]. Dopamine agonist therapy
results in a rapid normalization of serum prolactin
concentration and a reduction in tumor size in
70-90% of patients, making this the initial treatment
of choice for most patients, if therapy is indicated
[1]. However, resistance to conventional doses of
dopamine agonists can occur. In such cases, alterna-
tive treatment approaches, including high-dose
dopamine agonist therapy, surgery, and radiotherapy,
may be successful [2]. When those modalities fail to
control tumor growth, however, experimental thera-
pies may need to be considered. We treated a
woman with an invasive macroprolactinoma that was
refractory to a variety of conventional therapies,
including dopamine agonist therapy, transsphenoidal
surgery, and radiation therapy. After unsuccessful
trials of several unconventional treatments, including
estrogen antagonism and octreotide therapy, the
patient’s tumor responded well to the alkylating
agent, temozolomide.
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Case history

A 52-year-old Asian woman was referred to the Neu-
roendocrine Clinic at Tufts-New England Medical
Center in 2003 for treatment of a macroprolactinoma
that was refractory to dopamine agonist therapy.
Menarche occurred around age 12, and she had regular
menstrual cycles until her late 20s, when amenorrhea
ensued. Evaluation at that time revealed hyperprolac-
tinemia and a pituitary microadenoma. She was treated
with bromocriptine for approximately 10 years, but
despite pharmacotherapy, her serum prolactin level
increased to 600 ng/ml (normal lab range 3-23 ng/ml).

In the late 1980s, magnetic resonance imaging
(MRI) showed tumor growth, and the patient devel-
oped hypopituitarism. Visual field testing was normal.
The bromocriptine dose was increased to 20 mg daily,
and the tumor size decreased. However, the patient’s
prolactin level remained elevated and was associated
with amenorrhea and infertility. In 1990, transsphe-
noidal surgery revealed old hemorrhage and a small
sellar tumor. There was an initial reduction in the
serum prolactin level, but the patient was unable to
conceive, even with assisted reproductive technology.

In 1991, estrogen replacement therapy was begun
for amenorrhea and osteoporosis. Due to continued
tumor growth and hyperprolactinemia despite bromo-
criptine therapy, external beam radiation therapy was
given. Over the course of one month in 1991, the
patient received 44 Gy in 22 fractions delivered to the
mid-plane of the sella turcica and the suprasellar por-
tion of the base of the brain via parallel opposed lateral
portals, using 6 MV photons.

In 1998, she was switched from bromocriptine to
cabergoline at a dose of 1 mg twice per week, estrogen
therapy was discontinued, and a bisphosphonate was
initiated for osteoporosis. Despite treatment with
cabergoline, the prolactin level increased during the
following year to approximately 800 ng/ml and the
adenoma increased in size from 1.7 cm to 2 cm, with
lateral extension into the left cavernous sinus. The
cabergoline dose was increased to 2 mg twice a week
without benefit. Accordingly, Gamma knife radio-
therapy was administered in 2000 with 18 Gy delivered
to the 50% isodose line. After an initial reduction in
both the serum prolactin and the size of the tumor, the
prolactin level again began to increase, and by late
2001, it exceeded 2,000 ng/ml. The cabergoline dose
was increased to 4.5 mg per week in divided doses, but
in 2003 she developed diplopia due to a right sixth
nerve palsy. Imaging revealed growth of the tumor into
the right cavernous sinus. The serum prolactin con-
centration rose quickly to over 4,800 ng/ml, and the
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patient was referred to the Neuroendocrine Clinic for
further evaluation and treatment.

At presentation in August 2003, she complained of
increasing fatigue and double vision for 5 months.
Physical examination revealed normal visual fields but
limited motion of her right eye on rightward gaze.
There was no galactorrhea. The dose of cabergoline
was increased gradually in divided doses to 8 mg per
week (the maximal dose tolerated by the patient), but
there was no resulting decrease in prolactin concen-
tration. In the hope that estrogen receptor antagonism
might have a beneficial effect, the patient’s osteopo-
rosis therapy was changed from a bisphosphonate to
the selective estrogen receptor modulator (SERM)
raloxifene, and the prolactin level declined modestly to
4,000 ng/ml. A nuclear medicine study revealed
abnormal localization of the somatostatin analog Oct-
reoScan® (Indium In-111 Pentetriotide) in the area
corresponding to the tumor, so a trial of octreotide was
initiated and high-doses of cabergoline were continued
along with raloxifene. Therapy was initially begun with
Octreotide 100 mcg subcutaneously three times per
day and later replaced by Octreotide LAR, 30 mg
intramuscularly once a month. Initially, there was a
1,400 ng/ml decline in the prolactin concentration
without a concomitant decrease in the tumor size.
After a few months, however, the prolactin level again
began to rise rapidly and the tumor expanded further,
compressing the optic chiasm. The patient reported
increased severity of diplopia despite the use of prism
lenses, along with fatigue, headaches, and anorexia,
which led to a 13% weight loss. She was unable to
continue working and went on disability leave. Her
neurosurgeon felt additional surgery would involve
excessive risk given the location of the tumor in the
cavernous sinus and the amount of residual scarring
from surgery and radiation. Raloxifene was replaced
by the aromatase inhibitor, letrozole (2.5 mg daily),
and a bisphosphonate was restarted for osteoporosis.
The patient became progressively more debilitated,
and her prolactin level increased to approximately
7,000 ng/ml within several months. At this point, there
was concern about the possibility of malignant trans-
formation. A computed tomography (CT) scan of the
chest, abdomen, and pelvis revealed no evidence of
extracranial metastasis, and while an MRI of the sella
revealed slight extension of the tumor into the left side
of the sphenoid sinus, there was no evidence of intra-
cranial metastasis.

The histopathology of the tumor resected in 1990
was reviewed and immunohistochemical studies were
performed to search for features that might have been
predictive of the tumor’s aggressive behavior. Paraffin
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Fig. 1 Histological appearance of the tumor resected in 1990.
(A) Hematoxylin and eosin stain; (B) Immunohistochemical
stain for prolactin. The tumor cells have somewhat prominent
nucleoli, which may also be seen in non-aggressive pituitary

sections were stained for prolactin, growth hormone,
Ki67, p53, HER2 and galectin 3. The tumor showed no
unusual histological features (Fig. 1A). All of the
tumor cells stained for prolactin, mostly in a “Golgi”
pattern (Fig. 1B) typical of sparsely granulated pro-
lactin cell adenomas [3], while staining for growth
hormone was negative. There was no identifiable
mitotic activity. Labeling index for the proliferation
marker, Ki67, was less than 5% and within the range
for benign adenomas [3]. Staining was negative for p53,
HER?2 and galectin 3, which have been correlated with
malignant or aggressive behavior of pituitary tumors in
some studies [3, 4].

On the basis of a preliminary report describing a
beneficial response of a treatment-refractory malignant
prolactinoma to the alkylating agent, temozolomide
(Temodar®) [5, 6], the patient was referred to a neuro-
oncologist for consideration of temozolomide therapy.
Octreotide LAR and letrozole were discontinued, and
in August 2004, the patient started temozolomide
250 mg (150 mg/m?) by mouth daily for 5 days out of
each 28-day cycle, together with oral ondansetron and
dexamethasone for nausea prophylaxis. High-dose
cabergoline therapy was continued. Within several
weeks, the patient noticed improvement in her appetite
and physical stamina, less frequent diplopia, and a
decrease in the frequency and severity of headaches.
At her follow-up visit in clinic one month after treat-
ment initiation, she had gained eight pounds and had
noticeable improvement of abduction of her right eye.
In addition, serum prolactin fell from approximately
7,000 ng/ml to 2,500 ng/ml. The cyclic treatments were
continued and one month later, an MRI of the sella
revealed a substantial decrease in the size of the tumor.
A follow-up MRI in February 2005 showed further

adenomas, but no other distinctive features. Arrows in B indicate
prominent dot-like or crescentic distribution of prolactin stain-
ing, corresponding to location of the cells’ Golgi apparatus
(original magnifications 40x)

reduction in tumor size. Serum prolactin continued to
decrease until July 2005, after which time it stabilized
at 150-260 ng/ml. Throughout temozolomide treat-
ment, the patient reported mild to moderate fatigue, a
common side effect of temozolomide therapy. Other-
wise, she tolerated the medication well, without sig-
nificant nausea, vomiting, myelosuppression, or other
adverse events. She regained all of her lost weight. She
has been taking temozolomide for 26 months, and the
tumor size and prolactin level continue to be stable.
The right sixth cranial nerve palsy is present but stable,
and strabismus surgery is scheduled. Figure 2 shows
the patient’s serum prolactin concentration over the
course of treatment since 1990, and Fig. 3A and B are
selected images from the patient’s MRI studies before
and after temozolomide therapy, respectively.

8000

Temozolomide

!

7000 -
Estrogen
antagonism

6000 - l

Octreo-
tide

5000 - i

4000

3000

Prolactin (ng/ml)

2000 = Dopamine agonists
and

transsphenoidal  External

1000 - surgery beam RT

| !

1990 1993 199 1999 2002 2004 2006

Fig. 2 Serum prolactin level over the course of treatment since
1990
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Fig. 3 Magnetic resonance
images from studies done
before (A) and after

(B) temozolomide therapy.
Note the marked reduction in
the size of the invasive
prolactinoma following
therapy in B

Discussion

For patients with prolactinomas refractory to dopa-
mine agonist therapy, transsphenoidal surgery is often
recommended. With neurosurgery, long-term resolu-
tion of hyperprolactinemia is achieved in around half
of patients with microadenomas and less than a quarter
of those with macroadenomas [1]. However, many
individuals who undergo tumor resection may continue
to be symptomatic or have residual disease. These
patients require additional treatment, either with con-
tinued dopamine agonist therapy or with other thera-
peutic modalities. One such modality, external beam
radiation therapy, has been shown to control tumor
growth and normalize serum prolactin concentration in
20-50% of patients [7, 8]. Stereotactic radiosurgery or
gamma knife radiotherapy may also be an option,
normalizing serum prolactin levels in around 25% of
patients, achieving a partial hormonal response in over
60%, and reducing tumor size in over 50% [9].

Our patient had an inadequate response to high-
dose dopamine agonist therapy, transsphenoidal exci-
sion, external beam radiation therapy, and gamma
knife radiotherapy, and additional courses of radiation
and neurosurgical intervention were not advised. As a
result, estrogen antagonism, aromatase inhibition and
octreotide therapy were begun, but without significant
response.

The rationale for the use of an estrogen antagonist is
based on evidence that prolactinomas may enlarge in
association with hormone-replacement therapy or
pregnancy and may regress during menopause [10-13].
In retrospect, the use of hormone replacement therapy
in this patient may have contributed to the growth of
the tumor between 1991 and 1998, although the most
rapid and clinically significant tumor growth occurred
after 2000, when the patient was no longer on estrogen.
Estrogen receptors have been identified on prolacti-
noma cells, and estrogen stimulates the production and
release of prolactin in vitro [14, 15]. In addition,
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estrogen appears to decrease the responsiveness of
pituitary tumor cells to dopamine agonists, and in vitro
studies suggest that tamoxifen, a SERM, can attenuate
this effect [15]. Small studies suggest that up to 62% of
patients with dopamine agonist-resistant prolactinomas
may have a beneficial response to SERMs [16, 17].

Unlike SERMs, which act by binding to the estrogen
receptor, aromatase inhibitors block the peripheral
aromatization of androgens, thereby reducing blood
and tissue levels of estrogen. In women with estrogen
receptor-positive breast cancers, aromatase inhibitors
have been shown to be more effective than SERMs at
reducing recurrence rates [18, 19]. The use of aromatase
inhibitors has not been studied in patients with pro-
lactinomas, although an isolated case report suggested
that it may have some therapeutic potential [20].
Unfortunately, estrogen antagonism with raloxifene
and letrozole had no beneficial effect in our patient.

Somatostatin analogs are able to reduce the secre-
tion of both growth hormone and prolactin in over
50% of patients with pituitary tumors that co-secrete
these hormones [21, 22]. Prolactinomas have been
shown to express all five subtypes of the somatostatin
receptor (SSTR), with SSTR-5 predominating in 70%
of tumors [23]. Currently available somatostatin ana-
logs which have selective affinity for SSTR-2 and
SSTR-5, however, have produced favorable results in
only a small minority of prolactinomas [12, 24, 25].
Somatostatin receptor analogs that have broader
affinity for somatostatin receptors (such as SOM-230)
may have greater promise in the treatment of refrac-
tory prolactinomas [23, 25, 26]. In addition, given the
potential for interaction between somatostatin and
dopamine receptors to enhance postreceptor signaling,
chimeric drugs such as the somatostatin-dopamine
molecule, BIM-23A307, may also have utility in the
treatment of resistant tumors [27, 28]. Nevertheless,
attempts at control of our patient’s invasive prolacti-
noma with a combination of octreotide and cabergo-
line were ineffective.
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The use of a variety of chemotherapeutic agents,
including S-fluorouracil, lomustine, carboplatin, and
etoposide, has been reported in the treatment of highly
aggressive or malignant prolactinomas [29, 30]. No
histologic features or immunohistochemical markers
suggestive of aggressive clinical behavior were appar-
ent in this patient’s tumor at the time of surgery in
1990. Furthermore, there was no evidence of intra- or
extracranial metastasis to suggest that a malignant
transformation had occurred. However, in light of the
aggressive and refractory nature of the tumor, it is
possible that the tumor evolved over time and that a
specimen obtained now might exhibit features sugges-
tive of transformation. Nevertheless, response rates to
chemotherapeutic agents are very poor, and clinical
improvements, if they occur, are often fleeting.

The report by Zhu et al. of the successful use of the
alkylating agent, temozolomide, in a patient with a
refractory malignant prolactinoma led us to consider
the use of this agent [5, 6]. Temozolomide is a prodrug,
which is rapidly hydrolyzed into the active compound,
5-(3-methyltriazen-1-yl) imidazole-4-carboxamide
(MTIC), under physiological conditions. MTIC is
thought to exert a cytotoxic effect through the meth-
ylation (alkylation) of DNA. Temozolomide can be
given orally and is currently approved in the U.S. for
the treatment of patients with refractory anaplastic
astrocytoma and for the treatment of newly diagnosed
patients with glioblastoma multiforme, as an adjunct to
radiotherapy. Trials have also been conducted to
investigate the use of temozolomide alone or in com-
bination with other agents in patients with other
malignancies, including neuroendocrine tumors and
metastatic melanoma [31-33]. In comparison to many
other chemotherapeutic agents, temozolomide is well
tolerated, although mild to moderate nausea, vomiting,
and fatigue commonly occur. Myelosuppression occurs
in a minority of patients and is more common in women
and elderly patients. As with other alkylating agents,
there is theoretical concern about the potential for
development of myelodysplastic syndromes and sec-
ondary hematological malignancies, but these are rare.

The explanation for the response of prolactinomas
to temozolomide is speculative, but it is conceivable
that like temozolomide-responsive gliomas, responsive
prolactinomas harbor a methylated methyl-guanine
methyltransferase (MGMT) gene promoter [34]. In a
variety of human tumors, MGMT gene promoter
hypermethylation has been associated with epigenetic
inactivation of the gene and the subsequent loss of the
MGMT protein, which plays an important role in the
repair of DNA damage, including that induced by
alkylating agents such as temozolomide [35, 36]. In

therapeutic trials of radiation and temozolomide in
patients with malignant gliomas, those whose tumors
contained a hypermethylated MGMT gene promoter
had a significantly longer survival time than patients
whose tumors had an unmethylated MGMT gene
promoter [34, 37]. Analysis of the methylation status of
the MGMT promoter in a series of patients with
invasive prolactinomas treated with temozolomide
would allow confirmation of this hypothesis.

We conclude that the alkylating agent, temozolo-
mide, may be an effective and well-tolerated drug for
the treatment of patients with invasive prolactinomas
unresponsive to conventional therapy. This drug has
the potential not only to reduce circulating prolactin
levels, but also to substantially reduce tumor size.
Further studies should be conducted in order to
determine the usefulness of this medication in patients
with prolactinomas that are refractory to standard
therapies.
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