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Introduction

Pituitary tumors are usually benign entities that can be treated with surgery, radia-
tion, and medical therapy, including dopamine agonists and hormonal therapy.
Despite judicious implementation of these treatment modalities, a subset of pitu-
itary tumors may become aggressive with local invasive recurrence or with metas-
tases. Cytotoxic chemotherapy is not traditionally considered an effective therapeutic
option because even when the tumor has an aggressive biologic behavior, the cancer
cells are well differentiated and have a low proliferation rate. In 2006, however, our
group and others reported on the response of aggressive pituitary tumors to temo-
zolomide, an alkylating cytotoxic agent. Since then, chemotherapy has been used
off-label in multiple cases, and although there are no controlled trials to date, the
therapeutic benefit, as measured by response rate, has been consistent. Furthermore,
as the cell-signaling mechanisms responsible for tumor growth are elucidated and in
the advent of targeted therapies, we have an opportunity to improve the outcomes
for patients diagnosed with aggressive pituitary tumors.

In this chapter we will discuss the medical oncologic management of aggressive
pituitary adenomas and pituitary carcinomas. We will review the published experi-
ence using cytotoxic chemotherapy, anti-angiogenic therapy, and targeted therapy
for pituitary tumors, and we will discuss biomarkers that are potentially predictive
of response, keeping in mind two caveats. First, there are no controlled trials that
evaluate the outcomes of these treatments, and, therefore, their effectiveness is
based on anecdotal case studies. Second, the categorical designation of “aggressive
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pituitary tumor” includes a heterogeneous group of diseases that, although histo-
logically similar, may have very different mechanisms of tumorigenesis and thera-
peutic response.

The malignant behavior of pituitary tumors is determined by biologic character-
istics as well as invasion into surrounding structures. Pituitary tumors constitute
about 15% of all intracranial neoplasms [1], and 35-50% of these tumors are locally
invasive [2]. Some invasive tumors are resistant to standard medical therapies,
including dopaminergic agents and hormonal therapy. Others may recur after initial
response to treatment. When the cellular proliferation rate exceeds 3%, these recur-
rent aggressive tumors are classified by the World Health Organization (WHO) as
atypical pituitary adenomas. Though these neoplasms are locally invasive and his-
tologically may differ from typical tumors, atypical pituitary adenomas rarely
metastasize. It is estimated that 25-55% of pituitary adenomas are clinically aggres-
sive, and display such features as invasion into surrounding tissue, as well as rapid
growth, large size, and rapid recurrence [3]. After standard therapeutic options have
been exhausted, patients who suffer from recurrence of these malignant tumors are
presented with very limited options.

Pituitary carcinomas are a rare subgroup of pituitary tumors defined by the WHO
as having systemic metastases or craniospinal dissemination. These aggressive can-
cers account for an estimated 0.2% of all pituitary tumors. Between 1961 and 2012
less than 150 cases were reported in the literature [4, 5]. From the histologic and
endocrinologic perspectives, these tumors may be indistinct from benign pituitary
tumors. Pituitary carcinomas most often secrete prolactin (36%) or adrenocortico-
trophin (ACTH, 30%), while a smaller number are nonfunctional (23%) [5]. The
most frequent sites of metastases are within the brain and spinal cord, but extracra-
nial spreading of the neoplasm can also occur. There are no endocrinologic or
pathologic characteristics known to predict which patients will develop metastases
from a pituitary tumor. The molecular mechanisms that allow the tumor to metasta-
size also remain unknown. Although, in most patients, pituitary carcinomas behave
aggressively with functional impairment leading to death, a few patients have
reportedly lived for several years without medical treatment [2, 6]. In the majority
of patients with pituitary carcinoma, the only treatment option is supportive care.

Pituitary tumors with certain histologic subtypes and biologic characteristics are
associated with more malignant behavior. For example, prolactinomas are often
more aggressive and less responsive to dopamine agonist therapy in men than women
[3]. Another inherently aggressive pituitary neoplasm is the Crooke cell tumor,
a corticotroph adenoma that undergoes massive accumulation of perinuclear cyto-
keratin in the presence of glucocorticoids [3]. In a study of 36 cases of this type of
tumor, 60% of patients had recurrent disease with an average time to recurrence of
3.6 years [7]. Of the 25 patients who were followed for more than 1 year, two
developed metastatic carcinoma. Silent corticotroph adenomas are even more aggres-
sive than either their hormone-secreting counterparts (ACTH-secreting tumors)
or other nonfunctioning adenomas. Though morphologically similar to ACTH-
secreting tumors [3], they are characterized by higher rates of recurrence and more
frequent invasion into the cavernous sinus [3]. Other pituitary tumors reported to
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Table 34.1 Chemotherapy
drugs that have been reported
for the treatment of invasive
pitui[ary tumors Gliadel wafers
Temozolomide®

Chemotherapy

5-fluorouracil with lomustine*

Carboplatin

Paclitaxel

Etoposide

Capecitabine and temozolomide®

“Indicates that clinical or radio-
graphic responses were reported

have an aggressive clinical course include gonadotropin-secreting pituitary adeno-
mas, sparsely granulated somatotroph adenomas, densely granulated lactotroph ade-
nomas, acidophil stem-cell adenomas, thyrotroph adenomas, plurihormonal
adenomas, silent adenomas, and null cell adenomas [3]. These types of pituitary
tumors should alert the clinician about a potentially more malignant behavior.

No standard-of-care recommendation exists for patients with aggressive pituitary
tumors and carcinomas. Pituitary tumors that are invasive, recurrent, or metastatic
pose a therapeutic challenge, as these neoplasms are often not manageable with local
treatments such as surgery or radiation therapy. In most cases, dopamine agonists
and hormonal therapies have limited benefit. Although the potential for systemic
therapy with cytotoxic and targeted agents to improve outcomes for patients with
malignant pituitary tumors is unknown, the reports to date suggest that these thera-
pies could become an effective addition to the therapeutic armamentarium.

Cytotoxic Chemotherapy

Multiple cytotoxic chemotherapy agents have been used for the treatment of patients
with recurrent aggressive pituitary tumors and pituitary carcinomas (Table 34.1).
The benefit of chemotherapy in this patient population can be measured by response
rate, as determined by tumor size in imaging studies, reduction in hormone concen-
tration, progression-free survival, and overall survival. It is difficult to compare out-
comes among studies because of the heterogeneity of the tumors treated and the
variability in survival rates between locally invasive pituitary adenomas and pitu-
itary carcinomas. As previously mentioned, some patients may experience pro-
longed survival without treatment. Of the aforementioned outcome measurements,
radiographic response rate is the most consistently reported in studies using chemo-
therapy for malignant pituitary tumors.

Early publications on the use of chemotherapy for aggressive pituitary tumors
were restricted to a few single case reports. The diversity of administered
drugs limits the assessment of clinical utility [8]. The first series reported on seven
patients with highly aggressive or malignant pituitary tumors who showed a
disappointing response rate of only 14% after treatment with a combination of
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5-fluorouracil (5-FU) and cyclo-hexyl-chloroethyl-nitrosourea (lomustine, CCNU)
[9]. Three of these seven patients received single-agent carboplatin after progres-
sion with 5-FU/CCNU, but none responded on the basis of imaging assessment. In
another trial, Gliadel wafers (1, 3-bis (2-chloroethyl)-1-nitrosourea [BCNU] and a
biodegradable polyanhydride copolymer) were implanted postresection in nine
patients with aggressive recurrent pituitary adenomas. Although potential benefits
could not be determined from this single study, the patients tolerated the treatment
without significant adverse reactions [10].

In 2006, we reported two cases of patients with pituitary carcinoma [11] who had
remarkable responses on MRI to treatment with temozolomide. The first patient had
a luteinizing-hormone-secreting pituitary adenoma with several local recurrences
despite treatment with fractionated radiation and radiosurgery in addition to multiple
surgical resections. About 8 years after his initial diagnosis, he was found to have
multiple intradural and extramedullary lesions in the cervical and thoracic spinal
cord. Biopsy of one of these lesions confirmed a typical pituitary tumor similar to the
samples previously resected. Staging studies showed metastases in the ribs and right
tibia, as well as growth of the original sellar tumor. He underwent radiation to the
spinal lesions and received octreotide without effect. He was then enrolled in a Phase
I study combining temozolomide and pegylated interferon. The interferon was
stopped after 1 month due to Grade 4 fatigue. He continued temozolomide 200 mg/
m?day on days 1-5 of 28-day cycles for 12 cycles. He tolerated the treatment well
and had clinical improvement, as well as radiographic response (Fig. 34.1). Sixteen
months after stopping chemotherapy, he remained asymptomatic. The second patient
was a 26-year-old man with a prolactin-secreting pituitary adenoma who had pro-
gression with disseminated disease in the cervical and thoracic cord after treatment
with dopamine agonists, surgery, and radiation therapy. He had previously received
treatment for the metastatic disease, including bromocriptine, octreotide, carbopla-
tin, paclitaxel, and etoposide, without response. Based on our experience with the
prior case, the patient was treated with oral temozolomide 200 mg/m?*/day on days
1-5 of a 28-day cycle. He finished 10 of 12 planned cycles (stopped early due to
fatigue), with improvement in symptoms, decreased prolactin concentration, and a
partial radiographic response. Both patients had clinical and radiographic responses
that were durable for more than 1 year after discontinuing the treatment, but both
cases ultimately progressed without response after restarting temozolomide. Since
then, several other reports have confirmed the sensitivity of aggressive pituitary
tumors and pituitary carcinomas to temozolomide [11].

Temozolomide is an alkylating chemotherapy agent that works by methylating
DNA at the O6 position of guanine (Fig. 34.2) leading to mispairing with thymine
during the next cycle of DNA replication and ultimately results in non-cell-cycle-
specific apoptosis. In 2005, the FDA approved temozolomide for newly diagnosed
glioblastoma after a randomized trial demonstrated improvement in overall survival
in patients treated with radiation and temozolomide as compared to patients treated
with radiation therapy alone [12]. The effect was modest with a median overall
survival of 14.6 months (compared with 12.1 months) and an increase in 2-year
survival to 26.5% from 10.4% [12]. A retrospective analysis revealed that patients
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Fig. 34.1 A: Coronal contrast-enhanced T1-weighted MR image of the brain obtained before
treatment, revealing an invasive pituitary mass with suprasellar extension. B: Sagittal contrast-
enhanced T1-weighted MR image of the spine obtained before treatment, demonstrating three
extramedullary masses, the largest at C2—4. C and D: Coronal (C)and sagittal (D) contrast-
enhanced T1-weighted MR images showing decreases in the pituitary mass and spinal metastases,
respectively, after 12 cycles of chemotherapy. (Reproduced with permission from: Fadul CE,
Kominsky AL, Meyer LP, et al. Long-term response of pituitary carcinoma to temozolomide.
Report of two cases. J Neurosurg. 2006;105(4):621-6.)

whose tumors harbored hypermethylation of the gene promoter of the DNA-repair
enzyme O6-methylguanine-methyltransferase (MGMT) had a significantly better
response to treatment; the median overall survival was 21.7 months, and 2-year
survival rate was 46% [13]. MGMT repairs DNA by removing the methyl group
from guanine, thereby undoing the damage caused by temozolomide. When the
promoter region of MGMT is methylated, the gene is epigenetically silenced, and
temozolomide has greater activity.
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Fig.34.2 Schematic representation of temozolomide mechanism of action. Temozolomide acts
by adding a methyl group to the O6 position of guanine on the DNA of cancer cells. The
0O6-methylguanine is unable to pair with cytosine and the DNA cannot replicate, so the cell is
forced to undergo apoptosis and die. MGMT is a DNA-repair enzyme that removes the methyl
groups, repairing the damage done by temozolomide and allowing the cell to survive

The reports supporting the use of temozolomide in patients with aggressive pitu-
itary tumors have been growing in the past decade [14, 15]. Overall, these studies
suggest that the drug may have activity against a variety of subtypes of pituitary
tumors, including Crooke’s cell tumors [16], prolactinomas [17], and nonfunctioning
pituitary adenomas [18], as well as tumors secreting luteinizing hormone (LH) as
previously described [11]. Temozolomide may also be effective in treating extraneu-
ral metastases [19]. However, not all tumors are sensitive, as demonstrated by a case
series of four patients with somatotropic pituitary adenomas that did not respond to
temozolomide [20]. Therefore, in the absence of controlled trials, the challenge is to
deepen our understanding of the mechanisms of cytotoxicity and resistance in order
to determine which patients are more likely to benefit from temozolomide and what
combinations of cytotoxic chemotherapy agents have the most favorable outcomes.

Since most reports include single cases or small series, meta-analysis of the cases
is used to better assess the effectiveness of temozolomide in this disease. One meta-
analysis included 46 patients, 30 with pituitary adenomas and 16 with carcinomas,
who received treatment with temozolomide [21]. Clinical and radiographic responses
occurred in 60% of the adenomas and 69% of the carcinomas. Another meta-analysis
[4] of 21 additional patients from three studies [22—-24] reported that seven patients
(33%) with aggressive pituitary tumors responded to temozolomide and five more had
stable disease, suggesting an overall disease control rate of 57%. The most recent
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Table 34.2 Cases published of patients with aggressive pituitary adenoma or pituitary carcinoma
treated with at least two cycles of temozolomide

Response by MRI Hormone response
Decrease
Type of pituitary tumor N CR + PR (%) SD (%) PD (%) N (%)
Aggressive invasive® 62 38 (61%) 6 (10%) 18 (29%) 13 11 (85%)
Carcinoma® 38 24 (63%) 4 (11%) 10 26%) 14 11 (79%)
Aggressive/Carcinoma® 31 11 (35%) 14 (45%) 6 (19%) 21 15(71%)
Total? 131 73 (56%) 24 (18%) 34 (26%) 48 37 (77%)

CR Complete Response, PR Partial Response, PD Progressive Disease

415, 16, 20, 22-24, 26-28, 34, 41, 43-54]

°[11, 14, 19, 22-24, 34, 36, 44, 49, 55-60]

“This reference includes six cases of pituitary carcinoma and 25 cases of locally aggressive pitu-
itary tumor, but report does not discriminate response by type of tumor [25]

4Only included cases that received at least two cycles of temozolomide

meta-analysis reported an 80% response rate among 31 patients with aggressive pitu-
itary tumors (six with carcinoma and 25 with adenoma) treated with temozolomide
[25]. Of the 25 temozolomide responders, 13 had tumor growth after the temozolo-
mide was discontinued. In our review of the published literature, 131 patients with
aggressive pituitary adenoma or pituitary carcinoma have been treated with temozolo-
mide for at least two cycles (Table 34.2). The radiographic response rate was 56%
with an additional 18% of patients with stable disease, for a total of a 74% disease
control rate. Among secretory tumors, 77% had a response as determined by a
decrease in hormone secretion. Although the combination of these case reports and
case series suggests that temozolomide may be an effective therapy for treatment-
refractory pituitary adenoma and carcinoma, the optimal duration of therapy and the
influence in progression-free and overall survival remain unanswered questions.

In most cases, progression has been observed after months to more than a year
after stopping temozolomide [11, 26]. The mechanisms of resistance have not been
elucidated, but it has been suggested that like in glioblastoma, temozolomide can
cause secondary mutations. In our first two patients with pituitary carcinoma treated
with temozolomide, both had recurrence more than 18 months after having com-
pleted 12 cycles of temozolomide. There was no response when the patients received
temozolomide again. Another case report described a patient with an atypical aggres-
sive pituitary adenoma that responded well to treatment with temozolomide, but then
recurred after 6 months of stopping therapy [27]. A mutation in the mismatch repair
gene MSHO, not present in the initial specimen, was found at recurrence.

Temozolomide has been combined with other cytotoxic chemotherapy for the treat-
ment of aggressive pituitary tumors in an attempt to circumvent resistance. Four
patients with aggressive ACTH-secreting pituitary tumors that progressed after surger-
ies, radiation, and hormonal therapy [28] were treated with a regimen of temozolomide
(150 mg/m*day administered on days 10-14 of a 28-day cycle) and capecitabine
(1000 mg BID on days 1-14) (CAPTEM). Of the four patients, two had radiographic
complete responses, one had a 75% tumor regression, and the other had stable disease
without progression after 4.5 years of follow-up. All tumors had low MGMT
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expression by immunohistochemistry. Two other patients treated with CAPTEM have
been reported, one with a corticotroph adenoma [29] and one with a prolactinoma
associated with multiple endocrine neoplasia (MEN) [30]; both had a clinical and hor-
monal response to treatment [31]. The benefit of adding other chemotherapy agents to
temozolomide in patients with aggressive pituitary tumors has not been established,
but molecular profiling may provide the rationale for more effective combinations.

Similar to the experience in glioblastoma, patients with pituitary tumors tolerate
treatment with temozolomide well. Grade 1 and 2 fatigue and thrombocytopenia are
the most frequently reported side effects. Only one report of a severe temozolomide-
related adverse event in a patient with a pituitary carcinoma has been published. A
58-year-old man with an ACTH-secreting pituitary carcinoma presented to the hos-
pital with severe headache, blindness, and nuchal rigidity 27 days after starting
temozolomide. He was found to have profound thrombocytopenia with multiple
intraparenchymal cerebral hemorrhages from brain metastases. He died a few
months later. This event highlights the potential life-threatening complications of
temozolomide and the need for close monitoring when the disease and treatment
combination have not been well characterized.

Biomarkers Predictive of Response

As with any other therapeutic decision, there is a need to identify patients with
aggressive pituitary tumors who would benefit the most from temozolomide. The
DNA-repair enzyme MGMT is a well-validated biomarker that predicts response to
temozolomide and overall survival in patients with glioblastoma [13]. MGMT
expression can be determined by a number of different assays, but there is no con-
sensus on the measurement methodology that will provide the best correlation with
response to this agent. Methylation assays, including methylation-specific poly-
merase chain reaction (PCR), real-time quantitative methylation-specific PCR, and
methylation-specific multiplex ligation-dependent probe amplification, detect
MGMT promoter methylation at CpG islands. Methylated MGMT represents the
inactivated form of the enzyme, while unmethylated MGMT retains its enzymatic
activity. MGMT protein expression can be determined by immunohistochemistry.
The correlation of MGMT methylation detected by PCR and protein expression by
immunohistochemistry has been poor. One study of aggressive pituitary adenomas
and carcinomas attempted to correlate MGMT protein expression with MGMT pro-
moter methylation [32]. Among 14 carcinomas, 33% exhibited MGMT promoter
methylation, while low MGMT protein expression was found in 50% by immunohis-
tochemistry. Similarly, among the 12 aggressive adenomas, 42% had a methylated
MGMT promoter region, while immunohistochemistry for MGMT was negative in
92% of the tumors. The lack of concordance between MGMT methylation and immu-
nohistochemistry for protein expression is similar to that which has been reported
with glioblastoma, where the methylation status is the predictor of response [33].
Most studies reporting on MGMT activity in pituitary tumors have relied on immu-
nohistochemical assays [28, 34-37], with the suggestion that MGMT protein defi-
ciency predicts response to temozolomide [35]. In the largest series to date, tissue



34 (Cytotoxic Chemotherapy and Targeted Therapy for Aggressive Pituitary Tumors 589

from 24 patients with aggressive pituitary tumors (16 aggressive adenomas and eight
metastatic pituitary carcinomas) treated with temozolomide was retrospectively ana-
lyzed for hormone status, response to temozolomide, and MGMT protein expression
by immunohistochemistry [34]. Of the 24 patients, 10 had a response to treatment
(two radiographic complete responses, seven partial responses, and 1 hormonal
response with 71% decrease in prolactin). Among the ten responders, median MGMT
expression was 9% (range of 5-20%), compared with 93% in nonresponders (range
50-100%). A study of 197 pituitary adenomas revealed MGMT expression was low
in the majority of tumors (86.3%) [38]. Although these studies suggest that aggressive
pituitary adenomas with low MGMT protein expression by immunohistochemistry
may respond to temozolomide, the glioblastoma literature suggests that the MGMT
methylation status of the promoter may be a better predictive biomarker for response.
Loss of the DNA mismatch repair protein MSH6 has been implicated in the develop-
ment of temozolomide resistance even when MGMT expression is low [27]. The pres-
ence of MSH6 by immunohistochemistry positively correlated with response to
temozolomide in 13 cases of atypical pituitary adenomas and pituitary carcinomas. In
another series, there was one case with absent MSH6 in which there was resistance to
the drug, but several other cases also had rapid progression in spite of having expression
by immunohistochemistry [34]. The small number of retrospective cases precludes any
conclusions about its value as a biomarker of responsiveness to temozolomide.

Anti-angiogenic Therapy

Vascular endothelial growth factor (VEGF) is a pro-angiogenic cytokine that drives
neovascularization in many cancers. Bevacizumab, a monoclonal antibody that tar-
gets VEGF, is FDA approved for the treatment of several solid tumors, including
recurrent glioblastoma. VEGF has been reported to be present at high concentrations
in 59% of pituitary adenomas [38]. The presence of VEGF and the invasive behavior
of some pituitary adenomas provide rationale for the use of bevacizumab for the treat-
ment of refractory disease. There has been one case report showing stabilization of an
aggressive pituitary adenoma after bevacizumab treatment [39]. A 44-year-old man
presented with an aggressive silent corticotroph cell pituitary adenoma, which was
refractory to multiple treatments and progressed despite the use of temozolomide.
Bevacizumab was initiated, and after 10 months of therapy the tumor remained stable.
Bevacizumab was continued for another 16 months with ongoing disease control for
the duration of follow-up (26 months). Though this is only a single case, the success-
ful long-term disease control is encouraging. It is possible that the combination of
temozolomide and bevacizumab could be an effective option for refractory disease.

Targeted Therapy

There has been limited experience combining temozolomide with the somatostatin
analog, pasireotide. The first report described a patient with an ACTH-secreting
pituitary carcinoma with widespread intracranial, spinal, and systemic metastases
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despite repeated surgical treatment, bilateral adrenalectomy, medical treatment, and
chemotherapy [40]. The patient received temozolomide and pasireotide combina-
tion therapy for 12 months. The combination was well tolerated, and the patient had
improvement in symptoms and reduction of ACTH levels. Pasireotide was contin-
ued for 9 months as monotherapy after temozolomide was discontinued. A case
series of five patients with aggressive pituitary adenomas treated with temozolo-
mide included two patients with secreting tumors who received both temozolomide
and pasireotide [41]. One of the two patients responded to combination therapy with
a decrease in both cortisol concentration and tumor volume.

Preclinical studies suggest that aggressive pituitary adenomas may be sensitive
to treatment with PIK3/mTOR inhibitors and that these drugs may augment the
response to temozolomide [42]. Hyperactivity of the PIK3/Akt/mTOR pathway is
thought to contribute to chemotherapy resistance. In pituitary adenoma cell lines,
XL756, a novel dual PIK3/mTOR inhibitor, given in combination with temozolo-
mide inhibited adenoma cell growth and induced apoptosis to a significantly greater
extent than temozolomide alone. The combination of XL756 and temozolomide
synergistically inhibited tumor growth and resulted in decreased serum growth hor-
mone and prolactin concentrations in a murine xenograft model [42]. This suggests
that dual inhibition of PIK3 and mTOR may enhance alkylating agent-mediated
cytotoxicity in pituitary tumors, but there is no clinical experience with this
combination.

One patient with an ACTH pituitary carcinoma resistant to temozolomide has
been treated with everolimus (an mTOR inhibitor) in combination with octreotide.
Treatment failed to control tumor growth and hormone secretion, with the lack of
response thought to be explained by the weak mTOR activation in ACTH tumors. It
must be determined whether mTOR inhibition is a more prominent mechanism of
tumorigenesis in other types of aggressive pituitary tumors and if response to inhi-
bition will correlate with its activation.

Indications for Chemotherapy

Invasive pituitary adenomas and pituitary carcinomas are uncommon pituitary neo-
plasms with high rates of recurrence and responsible for significant morbidity and
mortality. In these aggressive tumors, it may be impossible to achieve local control
with radiation therapy or surgery due to infiltration into surrounding tissues or meta-
static dissemination. In the absence of a clear hormonal target with established
endocrine therapy, temozolomide may be considered for the treatment of these
tumors. Controlled prospective data is lacking to support the use of temozolomide
for this indication, but several case reports and case series demonstrate both safety
and clinical, hormonal, and imaging efficacy, sometimes with prolonged and dura-
ble responses. Temozolomide is most likely to be effective when the tumor has a
methylated MGMT promoter. Although the adverse side effects of temozolomide
are usually mild to moderate, close monitoring is still imperative.
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The Future of Chemotherapy for Pituitary Tumors

To better understand the indications for cytotoxic chemotherapy, controlled pro-
spective data is needed with attention to the subtypes of pituitary cancers that most
often develop an invasive phenotype and the biomarkers that may be predictive of
response. Because these tumors are uncommon, it may be necessary to establish a
referral center of excellence or involve cooperative groups in order to develop clini-
cal trials that assess the efficacy of chemotherapy for this disease.

Case reports and case series of temozolomide have been encouraging, but there
are many unanswered questions about the use of this drug for invasive pituitary
cancers. In most case reports, patients received a standard dose of temozolomide
[12], but it is unclear whether this is the optimal dosing schedule for pituitary tumors
or if an alternative schedule such as continuous daily dosing or dose-dense treat-
ment may be better. The duration of therapy is also unknown. In glioblastoma, 6
months of adjuvant temozolomide is recommended, but in practice temozolomide
may be continued for 12, 18, or 24 cycles or longer. In several reports patients who
initially had a response to temozolomide had recurrent disease after the temozolo-
mide was stopped [11, 25]. A prospective trial could better establish the duration of
treatment as well as the duration of response.

Combinations of temozolomide with anti-angiogenic therapy, targeted therapy
(such as PIK3/mTOR inhibitors), and hormonal therapy need to be studied to deter-
mine the safety and clinical efficacy in pituitary tumors. We had observed that after
an initial response to temozolomide, recurrent pituitary carcinoma may be resistant
to additional treatment with temozolomide [11]. Patients with relapsed pituitary car-
cinoma who remain fit enough for therapy are rare, so designing clinical trials for this
small population of patients is challenging, but this may be a population that benefits
from combination therapy or from anti-angiogenic therapy. Invasive pituitary tumors
are known to express VEGF, but there is only one case report of treating a patient
with bevacizumab [39]. Larger studies may be able to confirm therapeutic benefit.

Some studies have started to elucidate the genetic contributors of invasiveness in
pituitary cancers, but more data is needed to understand the pathways and mutations
that drive tumor growth and invasion. Pituitary tumors are a heterogeneous group of
tumors with different cells of origin and variable hormonal secretory status. With his-
tologic diagnostic tools, it is not possible to predict which of these tumors are likely to
become invasive or refractory to standard treatments. Molecular profiling and genotyp-
ing may be able to identify drivers of invasiveness and help to predict the tumors likely
to transform to a malignant phenotype. With increased understanding of the molecular
biology of pituitary cancers, we may be able to identify therapeutic targets.

Conclusions

Invasive pituitary adenomas and pituitary carcinomas are rare tumors that are often
resistant to radiation and hormonal therapy and are surgically unresectable. Early
clinical experience suggests that a majority of these tumors may respond to
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chemotherapy with temozolomide. Limited molecular data points to some onco-
genic pathways that may provide other targets for treatment. Though challenging to
design, clinical trials are needed to optimize treatment in a way that can predictably
improve patient outcomes.
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