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Abstract
Introduction  Temozolomide (TMZ) is currently considered as a rational therapeutic option for patients with progressively 
aggressive pituitary adenomas and carcinomas not responding to conventional therapies. Administration of TMZ results in 
clinical response and improvement in survival of many of these patients depending upon the expression of the DNA repair 
enzyme O-6 methylguanine DNA transferase (MGMT). Low or negative MGMT immunoreactivity predicts responsiveness 
to TMZ therapy. Therefore, MGMT serves as a criterion to select candidate patients anticipating response to treatment.
Materials and Methods  The MGMT expression was investigated in 25 pituitary adenomas with Ki-67 labeling index more 
that 3% and p53 expression, using various antigen retrieval protocols. After direct application of the antibody, only one 
adenoma yielded positive for MGMT. However, after pretreatment of tissue sections with antigen retrieval protocols, another 
3 adenomas, initially negative turned to positive.
Conclusions  These findings could explain lack of response to TMZ treatment in patients with false negative MGMT immu-
nohistochemistry. Evaluation of tumor samples for MGMT expression should carefully be carried-out using the optimum 
immunohistochemical protocol to obtain consistent and reliable results that help to identify patients that could respond to 
TMZ therapy.
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Introduction

Pituitary adenomas are encountered in 1/1000–2000 inhabit-
ants that can effectively be managed with modern surgical 
interventions and advances in medical treatment although 
a subset may require additional radiotherapy. Although the 
majority follows an indolent course, a subset of mostly mac-
roadenomas, may exhibit an aggressive behavior with early 
recurrences and progression, whereas approximately 0.2% 
may become truly malignant with central nervous system 
and distant metastases [1, 2].

A significant progress has been made during the last two 
decades in the medical management of pituitary adeno-
mas. The treatment of these clinically refractory aggressive 
tumors remains challenging, as conventional chemotherapy 
exhibits low response rates, whereas radiotherapy fails to 
control tumor growth and may be associated with consid-
erable side effects. Temozolomide (TMZ) is an imidazo-
tetrazine derivative, oral cytotoxic chemotherapeutic agent 
that inhibits DNA replication. It was initially used to treat 
highly malignant gliomas and when used in aggressive/
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malignant pituitary tumors was associated with remarkable 
improvement rate in the 5-year overall survival and 5-year 
progression-free survival [3–6]. This drug has currently 
become a rational therapeutic option for such neoplasms not 
responding to conventional treatment modalities [7–11]. The 
cytotoxic activity of temozolomide depends upon the expres-
sion of O-6 methylguanine DNA transferase (MGMT), a 
DNA repair enzyme as its presence in tumor cells leads to 
TMZ inactivation. Lack of MGMT immunoreactivity pre-
dicts responsiveness to therapy [6, 10, 12, 13]. In addition, 
decreased or negative MGMT expression is noted in tumors 
removed from responding patients with initially low MGMT 
expression, indicating that TMZ is also capable to absorb 
low MGMT stores [14, 15]. In contrast, no therapeutic effect 
is expected in patients with tumors showing high MGMT 
expression, suggesting that TMZ administration should be 
restricted to selected patients anticipating response to treat-
ment after evaluating tumor samples for MGMT expression 
by immunohistochemistry.

Despite a large number of studies considering MGMT as 
marker to treat patients with TMZ, the question whether it 
represents the best biomarker to predictor of TMZ therapy is 
still a subject of debate. Although, initial studies reported a 
fairly good correlation between tumor response and lack of 
MGMT expression, suggesting a rational approach for TMZ 
administration to refractory adenomas, a subset of patients 
with MGMT negative pituitary tumors did not respond [11, 
12, 16]. Specific monoclonal antibodies against MGMT for-
malin-fixed, paraffin-embedded are available for immunohis-
tochemistry [7, 17]. However, negative results cannot always 
exclude the presence of MGMT. This can be explained by 
several technical issues that can be overcome, such as cases 
of initial immunonegativity may turn positive after pretreat-
ment of tissue sections with antigen retrieval protocols. For 
this reason, various protocols should be carefully tested and 
standardized, in order to select the most suitable for each 
pathology laboratory.

This work attempts to explain histochemical and clinical 
controversies and highlights the key-role of pathologists in 
the precise selection of candidates for treatment with TMZ.

Material and Methods

We investigated MGMT expression in a series of 25 ade-
nomas, retrieved from the files of the Hellenic Pituitary 
Tumor Reference Center. All were macroadenomas, previ-
ously classified as “atypical adenomas”, based on elevated 
Ki-67 labeling index (LI), ranging from 3 to 30%, and exten-
sive p53 expression [18]. These included 3 somatotroph, 6 
lactotroph, 1 mixed somatotroph—lactotroph, 1 acidophil 
stem cell, 1 functioning corticotroph, 1 thyrotroph and 12 
gonadotroph adenomas. Immunohistochemistry for MGMT 

was carried-out on 4 sets of sections from formalin-fixed, 
paraffin-embedded tissues, using a specific mouse mono-
clonal antibody, clone MT3.1 raised against recombinant 
MGMT protein (Abnova, Taipei Taiwan, at dilution 1:100). 
Incubations with primary antibody were carried out over-
night at 4°C. The one-step EnVision polymer detection sys-
tem (Dako A/S, Glostrup Denmark), as a secondary link 
to nickel chloride—DAB enhancing chromogen (Sigma, St 
Lewis, MO).

In the first set of sections, the primary antibody was 
applied directly. In the second set, sections were pretreated 
with 1 mg/100 ml pronase E (Sigma Chemical Companies, 
St. Louis, MO, USA) for 20 min at room temperature [19]. 
In the third set of sections, before application of the primary 
antibody, sections were pretreated with antigen retrieval 
system employing pressure-cooking in Tris/EDTA buffer 
(pH 9.0) for 20 min. A fourth set of sections, where the pri-
mary antibody was substituted by phosphate buffer solution 
was used as negative control. Nuclear immunostaining of 
endothelial cells served as internal positive control.

Results

In the first set of sections, only one sparsely granulated 
somatotroph adenoma in a 29-year-old man with a Ki-67 
LI of 4% showed focal immunoreactivity for MGMT (4%), 
while the remaining were negative (96%). Surprisingly, in 
the second set of sections pretreated with pronase, the soma-
totroph adenoma showing focal MGMT expression became 
strongly and extensively reactive (Fig 1). In addition, another 
3 tumors, that were initially negative, turned to positive 
(Fig 2). These included an acidophil stem cell adenoma in 
a 40-year-old woman with a Ki-67 LI of 30%, a lactotroph 
adenoma in a 60-year-old man with Ki-67 LI of 4% and a 
gonadotroph adenoma in a 74-year-old man with a Ki-67 LI 
of 5%. Therefore, another 12% of adenomas became positive 
after enzymatic pretreatment. Similar results were obtained 
from the third set of sections pretreated with pressure-cook-
ing in Tris/EDTA buffer. The endothelial cells, serving as 
internal controls, were strongly positive (Fig. 2a). No cor-
relation between Ki-67 LI and p53 with MGMT expression 
was noted.

Discussion

The results of the present study highlight the significance of 
applying proper immunohistochemical techniques in order to 
reliably identify patients with aggressive pituitary adenomas 
that could respond to treatment with TMZ.

The term “aggressive tumors”, used by clinicians, refers 
to invasive and frequently recurrent pituitary adenomas and 
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carcinomas, which are resistant to a combination of surgi-
cal, medical and radiation therapies [11, 20]. In the previ-
ous edition of the WHO classification it was assumed that 
a subset of these tumors belongs to the category of “atypi-
cal adenomas”, which were histologically defined on the 
basis of high Ki-67 LI more than 3% and extensive nuclear 
p53 immunostaining [18]. However, a lack of correlation 
between atypical adenomas and tumor aggressiveness is 
occasionally noted. Despite of more than 10 years of inten-
sive research, the prognostic significance of this marker 
could not be justified [21]. In addition, the implication of 
p53 status in aggressive tumors remains questionable. In 
particular, p53 mutations are extremely rare, exceptionally 
identified in pituitary carcinomas [22]. Therefore, it remains 
uncertain whether p53 is an independent prognostic factor 
[21]. Nevertheless, high proliferation tumor rate, which is 
conceptually connected to tumor growth, is usually corre-
lated with elevated Ki-67.

Due to a wide spectrum of clinical behaviors, even though 
some atypical adenomas cause significant morbidity, the 
terminology was recently revised. The new WHO edition 
of pituitary adenomas includes updates regarding the ter-
minology and classification [21]. Given that the prognostic 
significance of Ki-67 and p53 has never been established, 
these markers are not recommended for routine diagnosis. 
However, the Ki-67 can be used for the evaluation of indi-
vidual adenomas that may have a more clinically aggres-
sive behavior in conjunction to other parameters, such as 
invasion assessed by MRI and/or intraoperative observation 
[21, 23]. According to changes made in the 4th edition of 
WHO, the category “atypical adenomas” has been elimi-
nated and instead, the class of “high-risk” adenomas was 
introduced. “High-risk” adenomas comprise specific types, 
which may show rapid growth, radiological invasion, high 
recurrence rate and resistance to conventional therapy. These 

Fig. 1   a Sparsely granulated somatotroph adenoma from a patient 
with acromegaly after direct application of the MGMT antibody. Note 
focal nuclear immunoreactivity (× 25). b The same tumor, showing 
strong and extensive immunopositivity for MGMT after enzymatic 
pretreatment with pronase (× 25)

Fig. 2   a An acidophil stem cell adenoma, originally immunonegative 
for MGMT. Only endothelial cells are selectively MGMT immunore-
active, serving as internal positive control, confirming the accuracy 
of the technique (×  20). b The same tumor turned to immunoposi-
tive after application of antigen retrieval protocol. Note focal nuclear 
MGMT expression (× 20)
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include the following types: sparsely granulated somatotroph 
adenoma, lactortoph adenoma in males, silent Crooke cell 
corticotroph adenoma, and the Pit-1 positive plurihormonal 
adenoma, previously termed silent subtype 3 [21]. Recent 
studies have shown that sparsely granulated somatotroph 
adenomas demonstrating negative or low MGMT expres-
sion could be successfully treated with TMZ, if conventional 
therapies fail to control [24]. In addition, TMZ has a poten-
tial for treating highly aggressive and resistant lactotroph 
adenomas and carcinomas [10, 20, 25]. However, some 
patients may develop resistance to TMZ therapy [3, 6, 7, 
11, 12, 14].

Clinicopathological controversies

Immunohistochemical evaluation of MGMT expression 
represents the gold standard criterion to select candidate 
patients with aggressive adenomas for TMZ treatment 
although a subset of adenomas showing low expression 
or negative for MGMT does not respond. Absence or low 
immunoreactivity for MGMT predicts response to TMZ 
treatment. However, some of these patients do not respond 
[6, 10, 13, 15]. This might be a result of false low or false 
negative MGMT immunohistochemistry, attributed to sev-
eral technical problems [2, 26]. Because of the inconsistency 
of MGMT expression, taking into account the paucity of 
other available treatment modalities, some clinicians, over-
looking MGMT status, proceed to treatment with TMZ, 
based on high Ki-67 LI or strong expression of p53 [2, 15, 
26–28]. However, high Ki-67 LI or extensive p53 expression 
do not always predict response to TMZ therapy. Accord-
ing to some reports, the immunohistochemical findings of 
MGMT as compared with Ki-67 and p53 do not show any 
significant correlation with TMZ efficacy [24, 28]. Further-
more, TMZ was effective in some patients with aggressive 
tumors even showing very low Ki-67 LI [15]. This has been 
attributed to the possible effect of pharmaceutical treatment 
to lactoroph and somatotroph adenomas with dopamine ago-
nists or somatostatin analogs respectively. Administration of 
these agents suppresses cell proliferation, resulting in lower-
ing Ki-67 levels [19, 29].

Technical drawbacks

Despite a large number of works using MGMT as a marker 
to treat patients with TMZ, the question whether it repre-
sents the best predictor of response to TMZ therapy is still 
a subject of debate. Although specific antibodies against 
MGMT, suitable for formalin-fixed, paraffin-embedded 
tissues, are available for immunohistochemistry, there 
are several problems that need to draw attention. Lack of 
correlation between MGMT and response to TMZ ther-
apy remains controversial and has never been previously 

conclusively elucidated. In our material, MGMT immuno-
histochemistry applied directly, without any retrieval pro-
tocol, disclosed only one adenoma positive (4%). However, 
after application of retrieval protocols, another 3 that were 
initially negative turned to positive (totally 16%) while 
21 (84%) remained truly negative. This 4 fold increased 
MGMT immunoreactivity signifies the implication of tech-
nical drawbacks leading to false negative results. It should 
be noted, that the acidophil stem cell adenoma, a classical 
aggressive-high risk tumor with Ki-67 of 30%, the highest 
LI among this series, turned to positive after application of 
antigen retrieval protocols. This paradigm, could explain 
the lack of effectiveness of TMZ therapy in some patients 
with such aggressive tumors.

Although, formaldehyde is widely used for tissue fixa-
tion, it might cause technical problems in the application 
of immunohistochemistry [12, 15, 16, 30]. To overcome 
the problem of hidden antigen sites, caused by formal-
dehyde, several pretreatment techniques exist. Neverthe-
less, optimal working dilution of the antibody should be 
determined by the end user. Furthermore, inappropriate 
tissue fixation, including delayed or prolonged fixation of 
adenoma tissue samples in formaldehyde and the storage 
duration of paraffin tissue blocks could also contribute to 
technical failures. Other problems imply low sensitivity 
of the antibody or the detection system used [26]. In addi-
tion, lack of a standard scoring system or semiquantitative 
counting of MGMT positive nuclei and also interobserver 
or intraobserver variations contribute to difficulties in 
determining the accurate level of MGMT expression [24, 
26]. Most authors suggest that patients with adenomas 
showing negative or low MGMT expression are candidates 
for TMZ therapy, whereas, others consider a percentage 
lower than 20% of MGMT counting as predictor to start 
treatment [6, 10, 28]. All the above mentioned pre-analyt-
ical and post-analytical issues discourage some clinicians 
to recommend MGMT immunohistochemical detection 
and they rely on elevated Ki-67 alone.

Herein, we present the drawbacks of MGMT immuno-
histochemistry that may lead to false positive results. Our 
findings elucidate the technical problems involved, trying 
to explain the possible lack of response to TMZ treatment 
in some patients with adenomas, initially showing negative 
or low expression for MGMT, which may turn positive 
employing antigen retrieval protocols.

We conclude that, for precise selection of patients to 
receive TMZ therapy, evaluation of MGMT expression 
by immunohistochemistry using the appropriate antigen 
retrieval protocol, is strongly recommended.
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