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ABSTRACT

Background The predictive significance of 0-6-methylguanine-DNA methyltransferase promoter methylation for patients with
neuroendocrine tumor and treated with alkylating agent chemotherapy remains controversial. This meta-analysis describes whether 0-6-
methylguanine-DNA methyltransferase expression and promoter methylation could help predict neuroendocrine tumor response to
alkylating agent chemotherapy. Methods We conducted a systematic search in PubMed, EMBASE and the Cochrane library and identified
articles describing a relationship between 0-6-methylguanine-DNA methyltransferase status and patients with neuroendocrine
tumor response to alkylating agent chemotherapy. Results Ten articles were included in our analysis. The 0-6-methylguanine-DNA
methyltransferase deficiency rate measured by immunohistochemistry was similar to the O-6-methylguanine-DNA methyltransferase
promoter methylation rate measured by pyrosequencing. The 0-6-methylguanine-DNA methyltransferase deficiency rate was higher in
patients with pancreatic neuroendocrine tumor than in patients with gastrointestinal- neuroendocrine tumor (p<0.05). Neuroendocrine
tumor with O-6-methylguanine-DNA methyltransferase deficiency/promoter methylation had a significantly longer progression-free
survival when treated with alkylating agent chemotherapy, regardless of detection method: immunohistochemistry (hazard ratios 0.39,
95% confidence intervals 0.17-0.89) or pyrosequencing (hazard ratios 0.33, 95% confidence intervals 0.19-0.56). Also, neuroendocrine
tumor with 0-6-methylguanine-DNA methyltransferase deficiency had a better objective response rate to alkylating agent chemotherapy
(by immunohistochemistry p=0.01, by pyrosequencing p=0.02). The subgroup analysis showed no significant association between 0-6-
methylguanine-DNA methyltransferase status and objective response rate in pancreatic neuroendocrine tumor patients. Conclusion
0-6-methylguanine-DNA methyltransferase deficiency/promoter methylation predicts a favorable response to alkylating agents in
neuroendocrine tumor patients, regardless of the 0-6-methylguanine-DNA methyltransferase detection method. However, the predictive
roles of O-6-methylguanine-DNA methyltransferase deficiency in pancreatic neuroendocrine tumor patients need further assessment.

INTRODUCTION

Temozolomide produces anti-tumor activity by

Neuroendocrine tumors (NETs) are a group of rare and
heterogeneous tumors. According to the National Cancer
Institute Surveillance, the incidence rate of NET is 0.43
patients per 100000 persons, which is double than that
seen 20 to 30 years ago [1] . Based on the primary tumor
site, NETs can be divided into subgroups, such as pancreatic
NET (pNET) and gastrointestinal NET (GI-NET). In China,
pNET is the most common form, which accounts for 49.8%
of the total patients with NET in the country [2]. Alkylating
agent chemotherapy, particularly temozolomide-based
chemotherapy, is a standard treatment for certain NETs,
which has exhibited a promising overall response rate in
the treatment of NET [3, 4].
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inducing DNA methylation at the 06 and N7 positions of
guanine, which leads to DNA mismatch and tumor cell
death [5, 6]. DNA repair enzyme O-6-methylguanine
DNA methyltransferase (MGMT) is crucial for genome
stability as it repairs DNA mismatch and transcription
errors [5]. MGMT removes a mutagenic alkyl group from
06-guanine and transfers it to an active cysteine. Studies
have shown that diminished MGMT expression increases
the carcinogenic risk in mice exposed to alkylating agents
[7], whereas high MGMT expression counteracts the
therapeutic effect of alkylating agents, thus contributing to
chemoresistance [8].

Loss of MGMT expression in high-grade gliomas is
predictive of improved survival with temozolomide-based
therapy [9, 10]. However, the role of MGMT methylation
status in predicting the response to alkylating agents in
patients with NET is still controversial. And we aimed to
perform a meta-analysis of recent literature to elucidate
the relationship between the predictive efficacy of
MGMT expression and the response to alkylating agent
chemotherapy in patients with NET.
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MATERIALS AND METHODS
Literature Search Strategy

We searched PubMed, Cochrane Library, and Web
of Science for articles published up to December 12,
2016. The following keywords were used in our search
strategy: (“O-6-methylguanine-DNA methyltransferase”
OR “MGMT”) AND (temozolomide OR [8-carbamoyl-3-
methylimidazo (5,1-d) -1,2,3,5-tetrazin-4 (3H) one] OR
methazolastone) AND (Neuroendocrine neoplasm[Mesh]).
We limited our search to studies written in English. The
reference lists of the selected articles were searched to
ensure that no studies were overlooked.

Selection Criteria

The meta-analysis included studies that met the
following standards: (1) all patients with NET were
diagnosed by histopathology; (2) the study reported
data of MGMT expression levels or MGMT promoter
methylation status; (3) the results were part of an original
analysis; and (4) if the same patient population was used
in several publications, then only the most complete
study was included in the meta-analysis. The exclusion
criteria were as follows: (1) publication type as abstract;
(2) studies focusing on the value of MGMT co-expression
and other factors rather than MGMT expression levels
or MGMT promoter methylation status; and (3) studies
without hazard ratios (HRs) or 95% confidence intervals
(CIs), or without a Kaplan-Meier curve to calculate these
data.

Data Extraction

Each article was reviewed independently by two
authors. If differences in opinion arose between these
two authors, then the articles were discussed with a third
author. The selected articles were assessed according to
“The Newcastle-Ottawa Scale for assessing the quality
of non-randomized studies in meta-analyses” [11]. The
following data were collected from each study: first
author’s name, country, publication year, number of
patients, primary location of NET, methodology of MGMT
analysis, and objective response rate and progression-free
survival (PFS) with HR and 95% CI. If the prognostic data
were not directly expressed, we obtained the data from
Kaplan-Meier curves (using Engauge Digitizer version 4.1)
and calculated the HR and 95% CI by previously reported
methods [12].

Statistical Analysis

Based on immunohistochemistry cut-off values used in
eachstudy, we categorized the expression of MGMT as either
“deficient” or “intact”. The MGMT promoter methylation
was determined as “methylation” or “non-methylation” by
pyrosequencing or quantitative methylation-specific PCR.
The end-points were objective response rate and PFS; and
the association between MGMT and clinical outcome was
evaluated by using the HR of negative /methylation MGMT
status over positive/non-methylation MGMT status and
the 95% CI. Multivariate Cox proportional hazards models

were applied for this purpose. For patients with a positive/
non-methylation status, a HR greater than one with a 95%
CI that did not overlap with one implied a good predictive
value, whereas an HR lower than one with a 95% CI that did
not overlap with one indicated a poor outcome in survival.
An HR of one indicated a lack of association between MGMT
expression and clinical prognosis. All data were synthesized
by Review Manager (version 5.2). The Mantel-Haenszel
test was used to test significance; a p<0.05 was considered
statistically significant. Statistical heterogeneity was assessed
by the visual inspection of forest plots, by performing the x>
test, and by calculating the I2 value. Significant heterogeneity
across studies was indicated by p<0.1 or 12>50% and a
random-effects model was performed to calculate the pooled
estimate; otherwise, the heterogeneity is not significant and a
fixed-effects model was applied.

RESULTS
Characteristics of Studies

A flow chart of the study selection criteria is shown
in Figure 1. Twelve articles with a total of 835 patients
with NET were chosen based on the eligibility criteria;
all studies tested MGMT expression or MGMT promoter
methylation status. One article was excluded because it
involved neuroendocrine cancer(NEC) patients [13]. One
article was excluded because of unavailable data on MGMT
expression level [14]. Thus ten articles were included in
expression analysis. Seven articles with 519 patients with
NET included objective response rate data [15, 16,17, 18, 19,
20, 21]. Four articles with 289 patients with NET included
PFS data [15, 16, 19, 21]; Two of these directly indicated the
HR and 95% CI for PFS, and the remaining two studies did not
include the HR and 95% CI, which we estimated from Kaplan-
Meier curves. The patient characteristics and study quality
levels are listed in Table 1. Three articles have no predictive
data about MGMT expression in patients with NET treated
with alkylating agents [22, 23, 24].

MGMT Expression in Patients with NET

The MGMT expression data are shown in Table 2.
Seven studies used the immunohistochemistry method
for MGMT analysis and three applied pyrosequencing
method. In immunohistochemistry subgroup, the MGMT
expression level was evaluated according to the intensity
or positive percentage of the staining. From these seven
studies, three defined MGMT deficiency as complete
absence of staining in all tumor cells [15, 16, 20], two
described MGMT deficiency as a cut-off value of 10% [17,
19], and three defined MGMT status by using unique score
systems. In pyrosequencing method subgroup, a threshold
of 7-8% was used to classify the patients in “methylation”
and “non-methylation” categories [16, 19, 21]. For NETs
of all primary sites, the MGMT methylation rate detected
by methylation-specific PCR and pyrosequencing was
12.7% and 24.8%, respectively. The MGMT deficiency
rates were 27.3% for an immunohistochemistry cut-
off value of 0% and 35.7% (range: 33-43.5%) for an
immunohistochemistry cut-off value of 10%.
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Figure 1. PRISMA flow chart of the selection process toward identifying eligible studies.

In the pNET subgroup, the MGMT deficiency rates were
35.9% (range: 36-38%) for an immunohistochemistry
cut-off value of 0% and 32.1% (range: 29-51%) for an
immunohistochemistry cut-off value of 10%. Further,
the MGMT promoter methylation rates were 31.7%
(range: 0-56%) by methylation-specific PCR and 37.1%
by pyrosequencing. Although the MGMT deficiency rate
indicated by methylation-specific PCR was lower than that
indicated by pyrosequencing, the MGMT deficiency rates
measured by the three methods of MGMT analysis were
not significantly different (p>0.05).

Four articles included data for the GI-NET subgroup.
Two studies applied the pyrosequencing method and
found MGMT promoter methylation rates of 12.5% and

24%. Three studies applied the immunohistochemistry
method with a cut-off value of 0% and found MGMT
deficiency rates in the range of 0 to 27.7%. The MGMT
deficiency rate measured by the immunohistochemistry
method is significantly lower in the GI-NET subgroup than
in the pNET subgroup (p<0.05).

Relationship between MGMT Promoter Methylation
Status and PFS of Patients with NET Treated with
Alkylating Agent Chemotherapy

The patient survival data are shown in Table 3. A total of
289 patients with NET were treated with alkylating agents
such as temozolomide. The results of the MGMT status
and the PFS of patients with NET are shown in Figure 2.
The meta-analysis based on the immunohistochemistry
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Table 1. Summary of patients’ characteristics in the selected studies.

Author Year Country Location

Cives 2016 USA pNET

Walter 2015 France pNET

Ekeblad 2007 Sweden GEP-NET, carcinoid
Kulke 2009 USA GEP-NET, carcinoid
Cros 2016 France pNET

Schmitt 2014 Germany pNET

Dussol 2015 France GEP-NET, carcinoid
Chan 2003 USA pNET, carcinoid
House 2003 USA pNET

Yang 2014 China GEP-NET

Number of Patients Method Quality Reference

52 [HC 7 20
MSP,

107 PSQ, 7 19
IHC

23 [HC 17

97 IHC 15
PSQ,

43 Q 7 21
IHC
MSP,

130 6 18
IHC
IHC,

42 7 16
PSQ

27 MSP 6 22

48 MSP 5 23

174 IHC 6 24

GEP-NET gastroenteropancreatic neuroendocrine tumor; IHC immunohistochemistry; MSP methylation-specific PCR; PSQ pyrosequencing; pNET

pancreatic neuroendocrine tumor

Table 2. Summary of studies reporting MGMT expression in patients with NET.

IHC
Study MGMT deficiency Deficiency
defined by IHC Deficiency rate
num

NET:
Ekeblad 2007 10% 43.50% 10
Kulke 2009 0% 19.60% 19
Yang 2014 score <2 31.60% 55
Dussol 2015 10% 40% 10
Walter 2015 10% 33% 29
Chan 2003
pNET:
Cives 2016 0% 29% 15

10% 38% 20
Yang 2014 score <2 33.80% 25
Kulke 2009 0% 51% 19
Cros 2016 score<50 69.70% 30
Dussol 2015 0% 40% 10
Walter 2015 10% 36% 18
Schmitt 2014 5% 66% 86
Chan 2003
House 2003

PSQ MSP

Deficiency rate Deficiency num Deficiency rate Deficiency num

26% 11
24% 24 12% 12
14.80% 4

48.30% 14

53.80% 7
27.30% 15 36% 4
56% 29
0% 0
40% 19

[HC immunohistochemistry; MGMT O-6-methylguanine-DNA methyltransferase; MSP methylation-specific PCR; NET neuroendocrine tumor; pNET

pancreatic neuroendocrine tumor; PSQ: pyrosequencing

method indicated that patients with MGMT deficiency had
a significantly longer PFS when treated with alkylating
agent chemotherapy (Figure 2a, average HR = 0.39, 95%
CI 0.17-0.89). Similarly, the meta-analysis for studies that
applied the pyrosequencing method indicated that the PFS
is longer in patients with MGMT promoter methylation
than in patients with MGMT non-methylation (Figure 2b;
average HR = 0.33,95% CI1 0.19-0.56).

Relationship between MGMT Promoter Methylation
Status and Objective Response Rate of Patients with
NET Treated with Alkylating Agent Chemotherapy

Seven articles provided objective response rate
data for the treatment of NET (Supplemental Table
1). The meta-analysis results for the MGMT status and
the objective response rate are shown in Figure 3. For
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the immunohistochemistry method, the meta-analysis
indicated a significantly lower objective response rate
in patients with intact MGMT compared to patients with
MGMT deficient when treated with alkylating agent
chemotherapy (average OR 7.21, p=0.01). Similarly, for the
pyrosequencing method, the objective response rate was
higher in patients with MGMT methylation than in patients
with intact MGMT.

Six articles provided objective response rate data for
the treatment of pNET (Supplemental Table 1). The meta-
analysis results for the MGMT status and the objective
response rate are shown in Figure 4.The meta-analysis
for either the immunohistochemistry or pyrosequencing
methods showed no relationship between MGMT and
objective response rate of patients with pNET treated with
alkylating agent chemotherapy.
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Table 3. Summary of studies reporting PFS data in patients with NET.

Study PFS detected by IHC PFS detected by PSQ
HR (95%CI) HR (95%CI)

Walter 2014 0.19 (0.08-0.48) 0.29 (0.13-0.64)

Kulke 2009 0.412(0.132-1.285)

Cros 2016 0.72 (0.32-1.66) 0.29 (0.08-1.08)

Dussol 2015

0.404(0.17-0.96)

CI confidence interval; HR hazard ratio; IHC immunohistochemistry; NET neuroendocrine tumor; PFS progression-free survival; PSQ pyrosequencing

Odds Ratio 0Odds Ratio
A Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
cros 2016 -0.37850407 0.41986727 37.2% 0.72(0.32,1.64] — &
kulke 2009 -0.886723193 0.58053870 27.9% 0.4110.13,1.29] &
walter 2014 -1BED7I121 04570815  34.0% 0,18 [0.08, 0.47] ——
Total {95% CI) 100.0% 0.39 [0.17, 0.89] ~a
Heterogeneity Taw®= 0.30; Chi*= 4 61, df= 2 (P =0.10); F= 57% :[E i I]:1 1;0 'IDD:
Testioravarmliefiect =2 250 =00 Favours MGMT Low Favours MGHT High
0Odds Ratio Odds Ratio
g _Study or Subgroup _log[Odds Ratic] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
cros 2016 -1.23787436 066395145 16.9% 0.29[008,1.07] = [
Dussol 2015 08063404 044161603 38.1% 0.40[017,0.96] ——
walter 2014 -1.23787436 040661575 450% 0.29[013,0.64) ——
Total (95% CI) 100.0% 0.33[0.19, 0.56] o
Heterogeneity: Chi#=0.35, df = 2 (P = 0.84); F= 0% = s - poe

Testfor overall effect Z=4 08 (P = 0.0001)

Favours MGMT meth Favours MGMT nonmeth

Figure 2. Forest plot showed the fixed effect model of the hazard ratio with 95% confidence intervals estimates of 0-6-methylguanine-DNA methyltransferase
expression and PFS in patients with neuroendocrine tumor treated with alkylation agents. (a). O-6-methylguanine-DNA methyltransferase detected by
immunohistochemistry method and (b). pyrosequencing method.

MGMT L MGMT H Odds Ratio 0Odds Ratio
A __Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
cives 2016 G 15 24 37 18.2% 036 [011,1.24] — =
cros 2016 15 30 2 13 16.6% 5.50[1.04, 29.18] —
Dussol 2015 3 8 1 11 13.5% 6.00[0.49, 73.45] .
Ekeblad 2007 4 10 1 13 13.9% 2.00[0D.73, 88.23]
Kulke 2008 4 5 o 16 10.6% 95900 ([3.42 2867 46] ————— %
schimitt 2014 3 4 0 5 10.3% 2567 [0.80,82472) »
Walter 2014 10 16 3 43 17.1%  22.22[4.72,104.65] —
Total (95% CI) 88 138 100.0% 7.21 [1.49, 34.78] e
Total events 45 31
Heterogeneity, Tau®= 3.15; Chi®= 24,43, df=6 (P = 0.0004); F=75% In o n=1 1’0 1nn=
Test for overzall effect: Z= 246 (P = 0.01}) : ) Favours L Favours H
MGMT L MGMT H Odds Ratio Odds Ratio
B Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dussol 2015 4 10 1 16 26.7% 10.00[0.92,108.83) 1 - »
walter 2014 8 1B 5 47 733%  040[2.18,32.37) —i—
Total (95% CI) 26 63 100.0% 8.83[2.72, 28.63] *—
Total events 12 ]
Heterogeneity, Chi®= 0,02, df=1 (P = 0.90); F= 0% =n 1 n=1 1 1=n 1nu=

Test for overall effect Z2= 362 (P = 0.0003)

Fawours H Fawvours L

Figure 3. Forest plot showed the fixed effect model of the risk ratio with 95% confidence intervals estimates of O-6-methylguanine-DNA methyltransferase
expression and objective response rate in patients with neuroendocrine tumor treated with alkylation agents. (a). 0-6-methylguanine-DNA methyltransferase

status detected by immunohistochemistry method and (b). pyrosequencing method.

Two articles provided objective response rate data
for the treatment of GI-NET; however, the number of
patients was too limited, thus we did not perform a GI-NET
subgroup meta-analysis.

DISCUSSION

This study is the first meta-analysis focused on the
association between MGMT status and the response
of patients with NET to alkylating agent chemotherapy,
particularly temozolomide-based chemotherapy. We
aimed to solve three controversial questions regarding the
treatment of NET: whether MGMT methylation is predictive
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of NET response to alkylating agent chemotherapy, whether
the MGMT expression rate is different between pNET and GI-
NET, and whether methodology of MGMT analysis influences
the MGMT expression rate. In this meta-analysis, we showed
that MGMT deficient in temozolomide-treated patients, as
detected by immunohistochemistry and pyrosequencing, is
associated with higher objective response rate and longer
PFS. Further, we determined that the MGMT deficiency rate
is higher in patients with pNET than in patients with GI-
NET. We also found that the detection of MGMT status by
immunohistochemistry, pyrosequencing, or methylation-
specific PCR produces consistent results.
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Total (95% CI) 54 58 100.0% 3.93 [0.44, 35.41] e
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Dussol 2015 3 7 2 4 4539% 0.86[0.23,3.15]
walter 2014 5 10 323 511% 3.83[1.13,12.03 —
Total (95% ClI) 17 27 100.0% 1.84[0.42, 8.10]
Total events 8 5
Heterogeneity: Tau?= 0.73; Chi*= 2.75, df =1 (P = 0.10); F=64% o 011 ] 1:0 3 uu:

Test for overall effect 2= 0.81 (F = 0.42)
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Figure 4. Forest plot showed the fixed effect model of the risk ratio with 95% confidence intervals estimates of 0-6-methylguanine-DNA methyltransferase
expression and objective response rate in patients with pancreatic neuroendocrine tumor treated with alkylation agents. (a). O-6-methylguanine-DNA
methyltransferase detected by immunohistochemistry method and (b). pyrosequencing method.

The predictive value of MGMT for NET remains
controversial; a reason for this is the primary tumor
location. Because NETs are clinically and biologically
heterogeneous, it is increasingly clear that pNET are
biologically distinct from GI-NET and carcinoid tumors
[25, 26]. Compared to other NET, pNET shows higher
objective response rate to cytotoxic chemotherapy [27,
28]. Walter et al. [19] found no difference in MGMT
deficiency rate between GI-NET and pNET. MGMT
promoter methylation is rarely detected in ileal NET but
are found in other digestive segments in up to 25% of all
patients [29]. Kulke et al. [15] found that MGMT deficiency,
as measured by immunohistochemistry, is more common
in pNET than in carcinoid tumors. In our meta-analysis,
we found that the MGMT deficiency rate, detected by both
immunohistochemistry and pyrosequencing, is higher
in pNET than in GI-NET. However, the small number of
patients with GI-NET may have influenced this result.
Thus, more studies on GI-NET are needed to indicate
with certainty whether MGMT deficiency has a predicting
role in the clinical outcome of patients with GI-NET and
patients with pNET after treatment with temozolomide
-based therapy.

The different techniques used to assess MGMT status
also contribute to the controversy behind the predictive
value of MGMT for NET. MGMT deficiency can be assessed by
three methods: immunohistochemistry to analyze MGMT
expression, or methylation-specific PCR or pyrosequencing
to analyze MGMT promoter methylation [30]. Although
immunohistochemistry is the most convenient technique,
it lacks standardization and reproducibility; thus,
methylation-specific PCR and pyrosequencing have been
explored as alternatives to assess MGMT status. Although
MGMT promoter methylation is difficult or impossible
to assess in fine-needle aspiration (FNA) biopsies
when the tumor cell count is too low, pyrosequencing
is more sensitive than methylation-specific PCR for
the detection of MGMT promoter methylation in flash

frozen paraffin-embedded tissue samples [31]. Small and
heterogeneous cohorts applied different methods with
various standards [17]. Retrospective studies of MGMT
promoter methylation by pyrosequencing in patients with
glioblastoma have consistently shown that patients with
MGMT promoter methylation benefit from temozolomide
treatment [9]. Until recently, there had been a paucity
of information regarding NET analyzed by methylation-
specific PCR and pyrosequencing for MGMT promoter
methylation and by immunohistochemistry for MGMT
expression. Both PFS and OS were prolonged in patients
with MGMT deficiency/methylation after the first therapy
with alkylating agents (temozolomide, dacarbazine, and
streptozocin). Our study showed that the MGMT deficiency
rate determined by immunohistochemistry and the MGMT
promoter methylation rate determined by pyrosequencing
are similar, and both methods of MGMT analysis can
efficiently predict treatment response to alkylating agent
chemotherapy in patients with NET. Walter et al. [19]
compared immunohistochemistry, methylation-specific
PCR, and pyrosequencing for the detection of MGMT
status in patients with NET and found no difference
in MGMT deficiency rates. Cros et al. [21] found that
increased promoter methylation is associated with MGMT
deficiency; Our finding provides important information on
the role of immunohistochemistry, methylation-specific
PCR and pyrosequencing in MGMT analysis, highlighting
the need for prospective, randomized studies to address
these associations.

Grading may influence our results. Researchers
nowadays agree that treatment options and prognosis of
NET are greatly influenced by pathologic differentiation
[28]. Welin et al. [13] reported that temozolomide-based
chemotherapy could induce partial response in highly
proliferative, poorly differentiated carcinomas. Cives
et al. [20] showed no correlation between tumor grade,
mitotic rate or Ki-67 labeling index, and tumor response
to capecitabine and temozolomide (CAPTEM). This finding

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 18 No. 3 -May 2017. [ISSN 1590-8577] 264



JOP. ] Pancreas (Online) 2017 May 30; 18(3):259-266.

suggests that the efficiency of alkylating agent chemotherapy
against NET may relate with Ki-67 scoring. However, due to
the limited information and number of patients available, we
were unable to divide data by grade subgroups.

Studies found three main DNA repair mechanisms are
involved in temozolomide resistance: MGMT repair, DNA
mismatch repair, and the poly(ADP)-ribose polymerase
(PARP) pathway [32]. The primary mechanism of
resistance to temozolomide is directly related to high
MGMT expression, whereas the secondary mechanism
is related to the DNA mismatch repair system in MGMT-
lacking cells [33]. The third mechanism depends on the
PARP pathway, which may partly explain why not all
patients with MGMT deficiency respond to temozolomide-
based chemotherapy. Zhang et al. [34] showed that
temozolomide-induced DNA damage and tumor cell
death require a functional DNA mismatch repair system
in addition to low MGMT expression. Moreover, Croset
al. [21] showed in their study that none of the low MGMT
expression patients with non-response to temozolomide
had a microsatellite instability phenotype. Further studies
are needed to elucidate the relationship between MGMT
status and other predictive biomarkers (e.g. microsatellite
instability) for NET treatments.

To conclude, our results showed that patients with
NET with MGMT deficiency/promoter methylation are
more likely to have a promising response to alkylating
agent chemotherapy, immunohistochemistry method
or pyrosequencing method did not influence the result.
However, the predictive role of MGMT is not significant
in pancreatic patients with NET. We expect that further
studies will apply the predictive value of MGMT to plan
clinical treatments.
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