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Abstract

Purpose: In our previous study we have reported the absolute value of O6-methylguanine-DNA methyltransferase
(MGMT) messenger RNA (mRNA) which was acquired by using real-time reverse transcription polymerase chain
reaction (RT-PCR). Probably the value may be useful for envisioning both the prognosis and the outcomes of the
therapy for glioblastoma (GB) treated by Temozolomide (TMZ).

Methods: MGMT mRNA was studied in 55 newly diagnosed cases of GB treated with TMZ and radiation (with
less than 75 y and had a Karnofsky performance status (KPS) of at least 60), based upon the technique of real-
time reverse transcription polymerase chain reaction (RT-PCR) using the TagMan probe. A receiver operating
characteristic analysis was carried out in order to determine the cutoff points for progression free survival (PFS) as
well as overall survival (OS).

Results: In 55 patients with GB, 1200 and 3600 for PFS (specificities of 88.9 and 66.7%, and sensitivities of
36.7 and 50.0%, respectively); 1200, 2100 and 2900 copies/ug RNA for OS (specificities of 83.6, 73.9 and 69.6%,
and sensitivities of 39.1, 47.8 and 52.2%, respectively) were the candidate cutoff points. Significantly longer PFS
and OS were observed in patients who did not exceed 1200 copies/ug RNA (p=0.0035 for PFS and 0.0189 for OS
by logrank test). Median overall survival of the GB patients who had less than 1200 copies/ug RNA treated with TMZ
and radiation was 36 months.

Conclusion: One Thousand and two hundreds copies/ug RNA appeared to be the most reasonable cutoff point

of MGMT mRNA in GB for deciding to use other anti-tumor drugs such as Bevacizumab together with TMZ.

Keywords: O6-methylguanine-DNA methyltransferase; Glioblastoma;
Real-time polymerse chain reaction; Temozolomide; Cutoff point;
Bevacizumab; Receiver operating characteristic analysis

Introduction

Temozolomide (TMZ) is the only chemotherapeutic agent
which has the level 1 evidence for the glioblastoma (GB) treatment.
Among all solid tumors including brain tumors, it is adjudged to
elicit worst prognosis [1,2]. Indeed some other anti-tumor drugs such
as 1-(4-amino-2-methyl-5-pyrimidynyl) methyl-3-(2-chloroethyl)-
3-nitrosourea hydrochloride (ACNU), Bevacizumab, Human
interferon-p, Vincristine, and Carmustine wafer are approved and used
for GB therapy in Japan, but there seems to be very little evidence with
regard to their effectiveness for GB therapy [3]. Additionally, except
for Bevacizumab, there have been no reports on the effectiveness of
these drugs together with TMZ. The effect of Bevacizumab in addition
to TMZ-radiation has been yet controversial. O6-Methylguanine-
DNA methyltransferase (MGMT) is one of the drug-resistance genes
for alkylating agents such as ACNU, Procarbazine, and TMZ [4,5].
Methylation of the DNA promoter domain leads to MGMT silencing
[6] and is considered as a good prognostic factor for GB as per the
previous report [7]. Whether MGMT methylation can predict the
clinical results of temozolomide treatment for GB was uncertain due
to lack of clear evidence.

In our previous study we have reported the absolute value of
MGMT messenger RNA (mRNA) which was obtained using real-time
reverse transcription polymerase chain reaction (RT-PCR). It may be

useful for not ony predicting the prognosis but also the clinical results
of TMZ therapy for GB [8]. In the study reported here, the cutoft
points of the absolute value of MGMTmRNA in GB were determined
by receiver operating characteristic (ROC) analyses for developing new
individual adjuvant therapy (IAT).

Patients and Methods

Patients

A total of fifty-five patients who were newly diagnosed for GB
meeting the criteria of less than 75 y and with a Karnofsky performance
status (KPS) of a minimum of 60 (Eastern Cooperative Oncology Group
performance status: 0-2) were included in the study. These patients
were treated from 2006 to 2016 at the five different Institutes which
were participating constituents of Tokyo Consortium for Brain Tumor
Treatment. Forty patients were treated at Tokyo Medical University
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Hospital, Tokyo, 10 patients at National Cancer Center Hospital,
Tokyo; 1 patient at Shioya Hospital, International University of Health
and Welfare, Yaita; 3 patients at Kawasaki Hospital, Hitachiohta; and
remaining 1 patient at Tokyo-Nishi Tokushukai Hospital, Tokyo,
Japan. All of the 55 GB patients received temozolomide and radiation
after surgery in accordance with the Stupp protocol [2]. Written
informed consent for the quantitation of MGMT mRNA in tumor
samples was provided by all patients. RT-PCR based quantitation of
MGMT mRNA (Cutoff Point of MGMT mRNA in Glioblastoma) was
approved by the Ethics Committee at Tokyo Medical University in the
year 2005, at Kitasato University in the year 2002, at the International
University of Health and Welfare in the year 2012, and at Tokushukai
Hospitals in the year 2015.

Real-time polymerase chain reaction based quantitation of
MGMT mRNA absolute value

Collection of tumor samples and quantitation of MGMT mRNA
was performed by Special Reference Laboratory Co. Ltd., Hino, Japan.
The method used to quantify the absolute value of MGMT mRNA
by RT-PCR was described previously [9]. Briefly, the guanidinium
thiocyanate-phenol-chloroform mediated extraction was performed
using Isogen (WAKO Junyaku) for extracting total RNA from either
~10 mg of freshly obtained tumor samples stored at 4°C in QIAGEN
RNAlater Tissue Protect Tubes (AMBION Inc) or tissues frozen at
-70°C [10]. From 1 pg of the extracted total RNA, the complementary
DNA (cDNA) was synthesized and was subsequently incubated at 37°C
for 60 minutes. The real-time polymerase chain reaction was carried
out using a TaqMan Universal Master Mix (Applied Biosystems)
comprising of 120 nM of each primer [11], 200 nM of probe (5-
CGA GCA GTG GGA GGA GCA ATG AGA-3), and 2.5 pL of each
c¢DNA sample, with denaturation at 95°C for 10 minutes and 50
cycles (at 95°C for 30 seconds, 60°C for 40 seconds, and 72°C for 30
seconds) in a real-time PCR system. The levels of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA expression were used as
a quantitative internal control. Using a standard curve, the expression
level of each mRNA was calculated. In order to obtain an even more
accurate quantification, the MGMT mRNA expression level of each
sample was normalized by the expression of the GAPDH gene.

Statistical analysis

All the statistical analyses were carried in Microsoft® Excel Tokei
Software. The progression-free survival periods and overall survival
of the 55 GB patients were analyzed, and the cases with less than 8.1
months progression-free survival and 15 months overall survival were
judged to be TMZ resistant according to the results of Brain Tumor
Registry Japan [12]. The cutoff points were determined in GB treated
with TMZ less than 75 y and KPS of at least 60 by ROC analysis. The
specificity and sensitivity of each cutoff point were calculated. Kaplan-
Meier analysis was performed to evaluate each survival time, and the
logrank (Mantel-Cox) test was considered for analysing the binary
variables (less than and at least the cutoff points). 2-tailed p values
are reported. Determination of the statistical significance of the data
analysis was set at a probability level of 5% (p=0.05).

Results

ROC analysis for selecting candidate cutoff points for
MGMTmRNA in GB

The candidate cutoff points in each GB group were calculated by
ROC analysis. In the 55 GB patients treated with TMZ and radiation

who were less than 75 y and had a KPS of at least 60, 1200 and 3600
copies/ig RNA were the candidate cutoff points for predicting PFS
(specificities of 88.9 and 66.7%, and sensitivities of 36.7 and 50.0%,
respectively), and 1200, 2100 and 2900 copies/ug RNA were the
candidate cutoff points for predicting OS (specificities of 83.6, 73.9
and 69.6%, and sensitivities of 39.1, 47.8 and 52.2%, respectively)
[6]. Kaplan-Meier analyses of GB patients with less than and at least
the candidate cutoff points calculated by ROC analyses were used to
estimate each survival time, and the logrank (Mantel-Cox) tests were
used to evaluate binary variables. In the 55 GB patients treated with
TMZ and radiation who were less than 75 y and had a KPS of at least 60,
progression free survival (PFS) and overall survival (OS) were found
to be significantly longer in those who had less than 1200 copies/ug
RNA (p=0.0035 for PFS and 0.0189 for OS by logrank test) as shown
in Figures 1-5. Median overall survival of the GB patients who had
less than 1200 copies/ug RNA treated with TMZ and radiation was 36
months. The summary of all the analytical results has been presented
in Table 1.
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Figure 1: The Kaplan-Meier analysis based survival curves for 55 GB
patients with less than 75 y and with a KPS of at least 60, having received
temozolomide and radiation for GB with lesser than and at least 1200
copies of MGMT mRNA/ug RNA for progression-free survival (PFS). PFS
was significantly longer in those who had less than 2100 copies/ug RNA
(P=0.0035 by logrank test).
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Figure 2: The Kaplan-Meier analysis based survival curves for 55 GB patients
with less than 75 y and with a KPS at least 60, having received temozolomide
and radiation for GB with less than and at least 3600 copies of MGMT mRNA/
pug RNA for progression-free survival. Difference between two groups was
insignificant (P=0.1183 by logrank test).
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Survival Cutoff point (copy/ug RNA) = Sensitivity (%)

Progression free survival 1200 36.7
3600 50

Overall survival 1200 39.1
2100 47.8
2900 52.2

Page 3 of 5
Specificity (%) | Median Less than Survival (mo) At least Logrank (p=)
88.9 36 10 0.0035
66.7 15 10 0.1183
82.6 36 14 0.0189
73.9 30 14 0.06
69.6 30 14 0.0528

Table 1: Summary of Receiver Operatic Characteristic Analyses and Kaplan-Meier Analyses for Determination of the Cutoff Point of the Absolute Value of MGMTmRNA for

Predicting the Therapeutic Resistance to Temozolomide in Glioblastoma.
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Figure 3: The Kaplan-Meier analysis based survival curves for 55 GB patients
less than 75 y and with a KPS at least 60, after having received temozolomide
and radiation for GB with less than and at least 1200 copies of MGMT mRNA/
ug RNA for overall survival (OS). OS was significantly longer in those who had
less than 1200 copies/ug RNA (P=0.0189 by logrank test).
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Figure 4: The Kaplan-Meier analysis based survival curves for 55 GB
patients with less than 75 y and with a KPS at least 60, after having received
temozolomide and radiation for GB with less than and at least 2100 copies
of MGMT mRNA/ug RNA for overall survival. No significant difference was
observed in two groups (P=0.0600 by logrank test).

Discussion

As mentioned in the introduction section, MGMT is silenced
by hypermethylation of DNA promoter domain [6]. Many tests
of MGMT, such as immunohistochemistry, methylation-specific
PCR, pyrosequencing, Southern blotting, and the absolute values
of MGMT mRNA, have been reported [13]. Among these methods,
immunohistochemistry and methylation-specific PCR are not
fundamentally quantitative, and therefore they are inappropriate for
ascertaining the indications and procedures for TMZ therapy, although
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Figure 5: The Kaplan-Meier survival curves for 55 patients less than 75 y
and with a KPS at least 60, who received temozolomide and radiation for GB
with less than and at least 2900 copies/ug RNA of MGMT mRNA for overall
survival. No significant difference was observed in two groups (P=0.0528 by
logrank test).

Hegi et al. [7], substantiates the predictive potential of a quantitative
methylation-specific PCR for the evaluation of MGMT promoter
methylation. Immunohistochemistry yields low specificity while it is
not quantitative as per the analysis of MGMT at the protein level [14].
The activity of MGMT appears to have high correlation with clinical
resistance to alkylating agents though mRNA levels as quantitated by
RT-PCR might not correlate with enzymatic activity always [15]. mRNA
expression has been preferentially investigated because quantitation
of MGMT activity is quite complex requiring longer time for clinical
utility [11,16]. Real-time polymerase chain reaction technique is
relatively simple, quick and clinically relevant for the estimating the
extent of resistance to the alkylating agents as described previously.
In a previous study, the results pertaining to the methylation specific
PCR and sequencing were compared to the MGMT mRNA expression
level based on real-time quantitative RT-PCR and have reported that
the extent of MGMT mRNA expression was strongly correlated with
the methylation status of MGMT promoter [17]. Hence, the level
of MGMT mRNA expression appears to be relatively more precise
prognostic factor than the result from methylation-specific PCR.

In fact, recently pyrosequencing was effectively used for the
purpose of quantitative detection of methylation. The extent of MGMT
methylation based on pyrosequencing was previously reported as factor
of prognosis in case of GB therapy by temozolomide as well as radiation,
but clear cutoff points for applicability of pyrosequencing to estimate
MGMT methylation was not ascertained [18]. Several reports on cutoff
points of methylation of MGMT promoter based on pyrosequencing
and the precise selection of hot spots of promoter methylation impacts
the results [19,20]. On the contrary, based on SYBR Green method,
Everhard et al. reported a methylation status concordance level of as
high as 85% between pyrosequencing and RNA expression level by
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RT-PCR and further recommended that if repression of transcription
is the key mechanism for higher chemosensitivity of tumors with
MGMT methylation, then a substantial rate of discordance warrants
caution while deciding therapeutic strategy solely based on MGMT
methylation status [21].

On the other hand, almost all previous clinical studies have excluded
elderly patients and those with a low KPS. Age and KPS have been
reported to be the most significant prognostic factors in GB [19]. An
important objective of the present study was to identify the cutoff point
for MGMT mRNA absolute value for adding other anti-tumor agents
to TMZ and radiation therapy. The present study showed that, in GB
patients treated with TMZ and radiation who were less than 75 y and
who had a KPS of at least 60, 1200, 2100, 2900 and 3600 copies/ug RNA
of MGMTmRNA were the candidate cutoff points for predicting both PFS
and OS. Among these, significantly longer PES and OS were observed in
patients who did not exceed 1200 copies/ug RNA. One Thousand and two
hundreds copies/ug RNA appeared to be the most reasonable cutoff point
of MGMTmRNA in GB for deciding to use other anti-tumor drugs such as
Bevacizumab together with TMZ. GB at least 1200 copies/ug RNA seemed
to be able to tolerate TMZ, other anti-tumor drug may be used without
TMZ. The fact that MGMT is a suicide enzyme and TMZ itself consume
the MGMT molecule is one of the reasons why the Stupp protocol of
continuous administration of low-dose temozolomide at the first adjuvant
therapy is significantly effective [22]. TMZ should be use in GB with
at least 1200 copies/ug RNA of MGMTmRNA in order to overcome
resistance to TMZ by MGMT.

Bevacizumab and human interferon-p (hIFN-p) are available for
glioma therapy in Japan. Bevacizumab was approved for use in Japan
in 2013 for both initially diagnosed and recurrent malignant gliomas.
Bevacizumab is reported to be more effective for treating MGMT-
methylated tumors than unmethylated tumors [23]. Although phase
III studies have reported that a course of bevacizumab with TMZ and
radiation conferred prolonged PFS for patients with GB, OS was not
prolonged. If we consider cross-over cases in which Bevacizumab
was used after recurrence in placebo groups, Bevacizumab seems to
be effective in selected glioma cases. Human interferon (hIFN)-B has
been used for glioma therapy since 1985, especially in Japan. Although
there is no evidence on the effectiveness hIFN-f addition to TMZ for
prolonging PFS and OS, hIEN- B was found to downregulate MGMT
expression and appears to be useful for treating GB with unmethylated
MGMT, i.e., in the presence of high levels of MGMT mRNA [24,25].
A recent report showed that interferon-a/f enhances TMZ activity
against MGMT-positive glioma stem-like cells [26].

A new IAT based on the results of MGMTmRNA quantitation by
real-time RT-PCR is recommended in initially diagnosed GB. GB with
less than 1200 copies/ug RNA seems to have a good prognosis and no
treatment other than TMZ and radiation is used, at least in the initial
adjuvant therapy. For GB with at least 1200 copies/ug RNA, the co-use
of Bevacizumab and TMZ accompanied by radiation may be an effective
modality. Although presented our study has been retrospective and on
limited patients, MGMTmRNA quantitation is seemed to be available
to improve the adjuvant therapy for GB.

Conclusions

One Thousand and two hundreds copies/pg RNA appeared to be
the most reasonable cutoff point of MGMTmRNA in GB for deciding
to use other anti-tumor drugs such as Bevacizumab together with
TMZ. A multicenter randomized clinical trial will be needed to obtain
evidence regarding this new IAT based on MGMTmRNA quantitation.
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