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Context: To date only 18 patients with aggressive pituitary tumors or carcinomas treated with
temozolomide have been reported. Increased expression of 06-methylguanine-DNA-methyltran-
ferase (MGMT) has been suggested to predict resistance to temozolomide.

Objectives: The objective of the study was to describe the antitumoral efficacy and toxicity of
temozolomide in patients with aggressive pituitary tumors or carcinomas and evaluate the possible
prognostic value of MGMT promoter methylation and protein expression.

Patients: Eight patients, five with pituitary carcinomas (three prolactin (PRL) and two ACTH) and
three with aggressive pituitary tumors (one PRL and two ACTH), all treated with temozolomide
administered orally for four to 24 cycles, were included in our French multicenter study.

Design: MGMT expression was assessed by immunohistochemistry and MGMT promoter methyl-

ation by pyrosequencing.

Results: Three of the eight patients (two ACTH adenomas and one PRL carcinoma) responded to
temozolomide as demonstrated by significant tumor shrinkage and reduced hormone secretion.
Three cycles of temozolomide were sufficient to identify treatment-responsive patients. Addi-
tional cycles did not improve treatment efficacy in those not responding, even when associated
with carboplatin and vepeside. MGMT expression did not predict tumoral response to temozolo-
mide because it was positive in one responder and negative in two nonresponders. Similarly, MGMT
promoter methylation (three of seven tumors) did not predict clinical response. Toxicity remained

mild in all patients.

Conclusion: Temozolomide treatment may be an effective option for some aggressive pituitary tumors
or carcinomas. Response to a trial of three cycles of treatment seems sufficient to identify responders
and more reliable than patient MGMT status. (J Clin Endocrinol Metab 95: 4592-4599, 2010)

ituitary tumors account for approximately 15% of all
P intracranial neoplasms and are associated with mac-
roscopically evident local invasion in 35-40% of cases.
Pituitary carcinoma is a rare disorder (accounting for ap-
proximately 0.2% of pituitary tumors) defined by the pres-
ence of craniospinal and/or systemic metastases. These tu-
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mors grow rapidly and are largely unresponsive to current
combined treatment strategies associating surgery, radia-
tion, and systemic chemotherapy. The average survival time
is then less than 4 yr (1). A subset of invasive or atypical
adenomas display aggressive behavior and are also resistant
to medical therapy causing substantial morbidity (2).

Abbreviations: MGMT, O6-methylguanine-DNA-methyltranferase; PRL, prolactin.
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Temozolomide, an alkylating chemotherapeutic drug,
is widely used in the management of glioblastoma (3) and
is effective against neuroendocrine tumors (4). It is not cell
cycle specific, thus increasing its usefulness in treating rel-
atively slow-growing pituitary tumors. Recent case re-
ports have detailed the successful use of temozolomide in
the management of aggressive pituitary tumors and pitu-
itary carcinoma. Temozolomide efficacy was reported to
depend on the expression of O6-methylguanine-DNA-
methyltranferase (MGMT), a DNA repair protein (5-16).
Indeed, low tumor MGMT expression was shown in some
studies to correlate with temozolomide response and in-
creased survival in patients with brain tumors (17-19).
MGMT activity is frequently lost in the presence of CpG
island hypermethylation in the promoter region of cer-
tain types of human primary neoplasm (3). Therefore,
the methylation status of the MGMT promoter was con-
sidered to be indicative of a good outcome in patients
with malignant gliomas treated with an alkylating
agent.

Data on the use of temozolomide in treating pituitary
carcinoma and invasive, aggressive pituitary adenomas
are sparse because only 18 cases have been published to
date with a successful outcome in 16 patients. These in-
cluded seven prolactin (PRL)-secreting tumors (5-8, 10,
11, 14, 20) with four carcinomas (5, 7, 8, 20), six ACTH-
secreting tumors (11, 12, 13, 15, 16) with three carcino-
mas (13, 15, 16), two LH-secreting carcinomas (7, 14),
one GH-secreting tumor (5), one mixed GH and PRL car-
cinoma (14), and one nonfunctional incidentaloma (15).
Only two cases of a pituitary tumor nonresponsive to te-
mozolomide have been published, one aggressive GH-se-
creting adenoma (5) and one silent ACTH adenoma (11).

MGMT immunostaining was studied in only 11 cases,
nine responders and two nonresponders, with absent or
low MGMT expression in eight of the nine responders,
suggesting a correlation between tumor response and
MGMT expression. However, reported cases of pituitary
tumors treated by temozolomide are too rare to draw any
definitive conclusions on treatment efficacy in this partic-
ular setting or on the possible correlation between MGMT
expression and treatment response. Underreporting of
poorly responsive cases is also likely to bias the assessment
of the overall efficacy of this therapy.
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The objective of this French multicenter study was
therefore to report all cases of aggressive pituitary ade-
noma or pituitary carcinoma treated by temozolomide in
participating centers and to try to correlate tumor re-
sponse with MGMT immunohistochemistry and MGMT
promoter methylation.

Patients and Methods

Patients

Eight patients (six males and two females), including four
with PRL-secreting tumors (three carcinomas and one aggressive
tumor) and four with ACTH tumors (two carcinomas and two
aggressive tumors), treated with temozolomide were identified
from all centers taking part in the French Pituitary Club [clinical
network of tertiary referral centers for pituitary diseases, a work
group of the French Endocrine Society (Société Frangaise
d’Endocrinologie)]. All patients treated for this indication in the
participating centers were included in the present study, regard-
less of treatment outcome. All patients received detailed infor-
mation on the side effects and potential benefits of temozolomide
used in a condition different from its marketed indication and
had signed an informed consent form allowing retrospective
studies to be performed on their medical records for scientific
purposes, as approved by our local ethics committee.

Individual clinical characteristics are summarized in Table 1.
Magnetic resonance imaging revealed an invasive macroad-
enoma in all cases.

PRL tumors

All four tumors were invasive macroprolactinomas diag-
nosed because of headaches and/or visual field defects. Clinically
significant hypogonadism was present in one man and amenor-
rhea and galactorrhea in one female. Age at diagnosis was 42.0 =
12.8 yr (mean = sp). Surgery was performed within the first few
years of diagnosis before any medical treatment in two cases (no.
1 and no. 3) or because of the lack of efficacy of bromocriptine
treatment in the other two (no. 2 and no. 4). During follow-up,
high doses of dopamine agonist treatment (bromocriptine and/or
cabergoline up to 1 mg/d) were administered in an attempt to
control PRL secretion and tumor progression but proved insuf-
ficient. Fractionated stereotactic radiotherapy was performed in
all cases and multiple surgeries in two cases.

ACTH tumors

Cushing’s syndrome was present at diagnosis in only two
patients; the two other tumors were diagnosed on tumoral signs
with severe headaches and ocular palsy. Elevated ACTH levels
were noted for all four ACTH adenomas, even in the absence of
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FIG. 1. MGMT immunohistochemistry in pituitary tumors. A, Case no. 3 with negative
nuclear staining for MGMT. The endothelial cells (arrow) act as internal positive controls
(original magnification X400). B, Case no. 7 with focal nuclear staining for MGMT in 30%
of tumorous cells, with strong positive staining in endothelial cells (arrow) (original
magnification X400). C, Case no. 4 with diffuse and strong nuclear staining for MGMT, with
positive staining in endothelial cells (arrow) (original magnification x400).

typical Cushing’s syndrome. Age at diagnosis was 42.5 * 8.3 yr
(mean * sp). Transsphenoidal surgery was performed in each
case as primary treatment of invasive macroadenomas. Postop-
erative exploration revealed residual tumor with elevated plasma
ACTH levels in each cases leading to fractionated stereotactic
radiotherapy within 2 yr after surgery. Additional radiotherapy
was performed in two cases (stereotactic radiotherapy in no. 5 or
y-knife radiosurgery in no. 8). Additional transsphenoidal de-
bulking was required in three cases because of tumor progression
and metastasis. The need for rapid control of hypercortisolism
led to bilateral adrenalectomy 10 months after initial transsphe-
noidal surgery in one case (no. 5) and to the use of anticortisolic
drugs (ketoconazole or mitotane) in two others (no. 7 and no. 8).

Treatment protocol

Temozolomide treatment was given following the standard
regimen of 150-200 mg/m? - d; 5 d of a 28-d cycle for three to
24 cycles. Treatment efficacy was evaluated after three com-
pleted cycles.

Pathological methods
All the following analyses were performed on tissues sample
obtained before temozolomide treatment.

Proliferative markers

Proliferative markers were detected by immunocytochemis-
try automatically with Benchmark XT (Ventana Medical Sys-
tem, Tucson, AZ). The antibodies Mib1 (1:50; Dako, Glostrup,
Denmark) and anti-p53clone DO-7 (1:200; Novocastra Labo-
ratories, Newcastle upon Tyne, UK) (21) were used. To deter-
mine Ki-67, p53 and mitotic indexes, we counted positive cells
for 10 representative fields per tumor at X400 magnification,
with an average count of 5000 nuclei. Ki-67 and p53 labelings
were expressed as a maximum percentage and the mitoses by
their absolute number.

MGMT expression

Paraffin blocks were obtained for MGMT immunocytochem-
istry and DNA extraction for methylation analysis in all cases
except one due to tumor apoplexy (no. 1). MGMT protein ex-
pression was studied by immunocytochemistry performed on
4-pm-thick sections of Bouin- or formalin-fixed paraffin-em-
bedded tumor specimens. Sections were deparaffinized in xylene
and rehydrated in graded alcohols. Endogenous peroxidase ac-
tivity was blocked by 0.6% H,O, in methanol for 10 min. An-
tigen retrieval was performed by heating slides in a pressure
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cooker for 2 min in citrate buffer 0.01 M
(pH 6). Nonspecific binding was blocked
using protein-blocking solution for 5 min
(Histostain Plus detection kit; Invitrogen
reference 85-9043, Camarillo, CA).
Slides were washed in PBS and incu-
bated with primary mouse monoclonal an-
ti-MGMT antibody (clone MT3.1, 1:100;
Dako reference M3610, Carpinteria, CA)
for 1 h at room temperature. They were
then incubated with biotinylated second-
ary antibody (mixture of antimouse and
antirabbit antibodies) for 10 min fol-
lowed by streptavidin-horseradish per-
oxidase complex for 10 min (all included
in Histostain Plus kit; Invitrogen). NovaRed (Vector reference
SK-4800, Burlingame, CA) was used as a chromogene. Coun-
terstaining was performed with Mayer’s hematoxylin. As a neg-
ative control, the primary antibody was omitted. Endothelial or
lymphocyte staining was used as internal positive control.
Immunoreactivity was analyzed semiquantitatively by esti-
mating the percentage of positive tumor cell nuclei. According to
McCormack et al. (5), low MGMT expression was defined as
absent or focal (<10%) positive nuclei, intermediate expression as
10-90% of positive nuclei, and high expression as diffuse positive
staining of more than 90% of tumor nuclei, regardless of intensity
(Fig. 1). All immunocytochemical analyses were centralized, per-
formed by only one pathologist (N.S.) and carried out blind to
clinical data and methylation status of the MGMT promoter.

Methylation analysis

MGMT methylation was analyzed by pyrosequencing. DNA
was extracted from tumor samples using the QIAmp DNA mini-
kit (QIAGEN, Valencia, CA) after the removal of paraffin by
xylene extraction and 48 h of proteinase K digestion at 56 C.
Methylation analysis was performed after bisulfite conversion of
2 ug of DNA with EZ DNA methylation-gold kit (Zymco Re-
search, Orange, CA). DNA was then eluted in 20 ul of M-elution
buffer and 5 ul then amplified and analyzed using the PyroMark
MGMT kit (QIAGEN) as described by the manufacturer on the
Pyromark ID sequencing system. DNA from peripheral blood
lymphocytes, treated or not with Sss1 methyltransferase (New
England Biolabs, Beverly, MA) was used as positive and negative
control.

Results

Temozolomide efficacy and tolerance

PRL tumors

Temozolomide treatment was initiated 15.5 = 3.4 yr
after diagnosis because of metastasis in one case (no. 1)
and lack of tumor control despite medical treatment in
three cases. Temozolomide treatment was poorly efficient
(after three to eight cycles) in three cases with metastasis
occurring in two (no. 3 and no. 4) and tumor size and PRL
levels increasing in one (no. 2). However, the positive ef-
fect of temozolomide was remarkable for one case (no. 1)
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TABLE 1. Clinical characteristics and treatment

Temozolomide treatment

Number

Age at
diagnosis

Number Hormonal Tumoral MGMT Promoter

treatment of cycles

Ki67 p53 Mitoses Age at

Radio
therapy

of
surgeries

Case

response ICC (%) methylation (%)

response

(%) nb

(%)

Tumor type

Sex (yr)

no.

ND
No
8.5

ND
30
0

Yes
No
No

Yes
No
No

43
71
69

ND
0.5
1

ND

T(X2) + GK

ST (X2
ST (X2

ST (X2)
ST
ST

ST

1
1
4
4

Carcinoma
Adenoma

Carcinoma
Carcinoma

ACTH Carcinoma

RL
PRL
RL

32
52
54
30

===

— 0N M

No
2.6

100

No

No

47

10

30

PRL

<

No
No
9.8

50

<1
30
0

No
No
Yes
Yes

No
No
Yes
Yes

14°
7b
6
4

37
54

52
50

10
60
1
0

20

20

10
0.5

ST + GK

3
3
4
2

ACTH Adenoma
ACTH Carcinoma
ACTH Adenoma

31
49
38
42

===

LN O M~ 0

M, Male; F, female; ST, fractioned stereotactic radiotherapy; GK, y-knife radiotherapy; ND, not determined; ICC, immunocytochemistry; nb, number.

@ After eight cycles on monotherapy, carmustine was associated with temozolomide for six additional cycles.

b After three cycles on monotherapy, carboplatin was associated with temozolomide for five additional cycles.
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with the disappearance of the metastasis, 60% reduction
in tumor size, and PRL level were noted after three cycles
of temozolomide. Reduction of tumor size and normal-
ization of the PRL level were confirmed during the addi-
tional cycles. After 24 cycles the treatment was stopped
and 10 months after temozolomide discontinuation, the
remnant tumor size (at magnetic resonance imaging scan)
was unchanged and the PRL level remained controlled
without treatment.

ACTH tumors

Temozolomide treatment was initiated 8.3 * 4 yr after
diagnosis because of metastasis in two cases (no. 5 and no.
7) and lack of tumor control in another two cases (no. 6
and no. 8). Despite seven to 14 cycles of temozolomide,
even when associated with carboplatin (four cycles) or
carmustine (six cycles), no tumoral or hormonal response
was noted for cases no. 5 and no. 6. In contrast, a signif-
icant tumoral, hormonal, and clinical response was ob-
served for the two other cases (no. 7 and no. 8) after only
four cycles of temozolomide. These latter two cases are
still receiving treatment, but a marked shrinkage of the
pituitary tumor has already been noted alongside a mark-
edly reduced extension of the vertebral metastasis in the
perivertebral soft tissue (case no. 7). Plasma ACTH levels
have decreased (from 135 and 114 ng/liter to 64 and 47
ng/liter, respectively) with clinical improvement allowing
the cessation of mitotane treatment in both cases and in-
sulin treatment cessation and a reduction in oral antidia-
betic therapy in case no. 8.

Temozolomide tolerance

Treatment was well tolerated in two cases. Fatigue was
noted in two cases but did not require any modification of
treatment. Severe hematological toxicity with agranulo-
cytosis after three cycles led to the cessation of temozolo-
mide treatment in one case (no. 4). A thrombocytopenia in
two cases (no. 2 and no. 8) led to a reduction in the te-
mozolomide dose (150 mg/m? - d in case no. 2) or an in-
crease in the interval between cycles (every 6 wk, no. 8).

Pathological data

Proliferative markers

Pathological data were lacking for one case (no. 1) be-
cause of tumor apoplexy. The index of Ki-67 and the num-
ber of mitosis were consistently high in all tumors, respec-
tively, 2-30 and 1-8%. P53 labeling was very high (10—
60%) in three tumors including two carcinomas (Table 1).

MGMT immunostaining and correlation with
MGMT promoter methylation

Of seven tumors tested, MGMT immunocytochemistry
showed levels of MGMT expression that were low or ab-
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sent in three (42.8%), intermediate in three (42.8%), and
high in one (12.4%). No difference was found between
PRL-and ACTH-secreting tumors or between carcinomas
and aggressive pituitary tumors.

MGMT promoter methylation, as determined by py-
rosequencing, was demonstrated in three cases (42.8%)
(one PRL carcinoma and two ACTH tumors, one carci-
noma, and one aggressive tumor). When present, MGMT
promoter methylation was associated with low (n = 2) or
intermediate MGMT expression (n = 1). However, the
absence of MGMT promoter methylation was associated
with high MGMT expression in only one case. In the three
other cases, low (n = 1) or intermediate (n = 2) MGMT
expression was observed. Finally, MGMT promoter
methylation analysis predicted MGMT expression in four
of the seven tumors (57.1%).

MGMT expression, MGMT promoter methylation,
and response to temozolomide treatment

In the absence of a consensus for a cutoff level of
MGMT expression by immunocytochemistry, it was im-
possible to perform any statistical analysis. However,
MGMT expression was discordant between the two re-
sponding tumors because one had intermediate expression
(30%) and the other had no MGMT expression. More-
over, among the nonresponding tumors, two showed al-
mostno MGMT expression and three intermediate to high
MGMT expression. The same dissociation was noted with
MGMT methylation, which was present in three tumors,
oneresponding and two nonresponding. Absence of meth-
ylation was present in three nonresponding and one re-
sponding tumor. MGMT expression or MGMT promoter
methylation analysis thus predicted tumor response to te-
mozolomide in only four of the seven tumors (57.1%).

Discussion

Pituitary carcinoma, defined by the presence of tumor tis-
sue within the central nervous system not contiguous with
the pituitary fossa or other extracranial systemic metas-
tases, is a rare condition (1). However, more cases are
being identified in recent years with the increasing sensi-
tivity of imaging and enhanced knowledge. Indeed, in a
recent review, Van der Klaauw et al. (22) described 59
cases published since 1937, 34 of which were identified
after 1990 and 25 after 2000. Moreover, the new World
Health Organization classification characterizes atypical
adenoma as a new group of pituitary tumor (2). Whereas
the definition of this new entity is not easy, it is now clear
that some pituitary tumors are characterized by an ag-
gressive behavior that requires specific treatment strate-
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gies similar to therapy used for pituitary carcinomas. In-
deed, conventional treatment approaches such as surgery,
radiotherapy, or pharmacological treatment (dopamine
agonist or somatostatin analog) are often insufficient to
control tumor growth and hormone secretion. For this
reason different groups started to use cytotoxic chemo-
therapy with variable results (23).

The publication of the successful treatment of some
cases with temozolomide is encouraging. To date, how-
ever, only 13 publications reporting a total of 18 cases are
available, and almost all, except two, report only positive
results (Table 2). Our multicenter study is the largest pub-
lished to date, reporting the efficacy and tolerance of te-
mozolomide treatment in patients, regardless of the result.
The results of our eight cases increase the number of pub-
lished cases to 26 with five new carcinomas giving a total
number of 12 carcinomas.

The majority of currently published cases are PRL-se-
creting adenomas (n = 4) or carcinomas (n = 3) and
ACTH-secreting adenomas (n = 3) or carcinomas (n = 3),
whereas LH adenomas and GH carcinomas are rare. Only
three of our eight patients were classified as responders
to temozolomide with normalization of hormone secre-
tion and a significant decrease in tumor size (pituitary
and metastases). Tolerance was acceptable in all three
and cessation of all other treatment (cabergoline, 1,1-di-
chlorodiphenildichloroethane, ketoconazole) was allowed.
Whereas a longer follow-up is needed for two cases, these
results are encouraging and support the use of temozolomide
in responsive cases. However, five of the eight patients were
classified as nonresponders and two died because of tumor
progression.

It is important to underline that, as published else-
where, any tumoral or hormonal response to temozolo-
mide treatment is always observed soon after treatment
initiation in responders. Indeed, among our patients, the
absence of response after three cycles consistently pre-
dicted further resistance to this treatment. It should also be
noted that the initial response to temozolomide treatment
is not always associated with long-term control because
two cases have presented a tumor relapse 5 and 6 months
after initiation (15, 16).

So far, no clinical criteria have been proposed able to
predict this resistance to temozolomide. Concerning gli-
oblastomas, however, based on a limited number of cases,
MGMT expression as analyzed by immunostaining has
been suggested to predict the tumor response to temozo-
lomide and that the absence of MGMT expression may be
associated with a positive response. To date, MGMT ex-
pression has been analyzed in only 10 of the 16 patients
published with low levels of expression in the eight re-
sponders and high levels in the two nonresponder patients.
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Contrarily, our results demonstrated no such correlation
between MGMT expression and tumor response. Indeed
some responder patients showed intermediate MGMT ex-
pression, and conversely, the absence of MGMT expres-
sion was not always predictive of tumor response.

The difficulty in defining the cutoff of MGMT expres-
sion allowing the classification of these pituitary tumors as
low- or high-expressing tumors could only partly explain
this discordance (5, 13, 24). Moreover, little is known
about MGMT expression during the tumor progression.
Indeed, it is possible that initial MGMT expression is not
representative of the MGMT expression at the time of the
recurrence or in the metastasis. This hypothesis could ex-
plain a part of the discrepancy between MGMT expres-
sion and response to the treatment. For patient no. 3,
MGMT expression was performed on tumor samples ob-
tained at the time of the recurrence, but we have no in-
formation on the metastasis.

Some studies have suggested that MGMT promoter
methylation analysis could predict MGMT loss of expres-
sion in glioblastomas. Only a few studies have analyzed
MGMT promoter methylation in pituitary tumors (5, 13,
25), which seems to be arare event (about 25 % of tumors).
In our study MGMT promoter methylation was evident in
three of the seven tumors analyzed (42.8%); however,
methylation levels were very low without perhaps any ef-
fect on protein expression. MGMT promoter methylation
may not therefore be the principal event for loss of MGMT
expression in pituitary tumors. Because the cutoff level for
MGMT expression has yet to be determined, it seems too
early to conclude on any correlation between MGMT ex-
pression and promoter methylation or between the pres-
ence of methylation and response to temozolomide.

In conclusion, our study confirms the efficacy of temo-
zolomide treatment for some aggressive pituitary tumors
or carcinomas; however, the study reveals MGMT status
as a poor predictor of treatment outcome that should not
be used to select patients who may benefit from this treat-
ment. Larger prospective studies are necessary to deter-
mine predictive factors of response to temozolomide. Until
results from such studies are available, we propose that
patients with aggressive adenomas or carcinomas who are
resistant to conventional treatment be submitted to three
cycles of temozolomide. We propose stopping treatment
in the absence of hormonal or tumoral response after three
cycles because a delayed tumor response appears unlikely.
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