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Long-term survival in glioblastoma: methyl
guanine methyl transferase (MGMT) promoter
methylation as independent favourable
prognostic factor
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Background. In spite of significant improvement after multi-modality freatment, prognosis of most patients with glio-
blastoma remains poor. Standard clinical prognostic factors (age, gender, extent of surgery and performance status)
do not clearly predict long-term survival. The aim of this case-control study was to evaluate immuno-histochemical
and genetic characteristics of the tumour as additional prognostic factors in glioblastoma.

Patients and methods. Long-term survivor group were 40 patients with glioblastoma with survival longer than 30
months. Control group were 40 patients with shorter survival and matched to the long-term survivor group according
to the clinical prognostic factors. All patients underwent multimodality tfreatment with surgery, postoperative confor-
mall radiotherapy and temozolomide during and after radiotherapy. Biopsy samples were tested for the methylation
of MGMT promoter (with methylation specific polymerase chain reaction), IDH1 (with immunohistochemistry), IDH2,
CDKN2A and CDKN2B (with multiplex ligation-dependent probe amplification), and 1p and 19g mutations (with fluo-
rescent in situ hybridization).

Results. Methylation of MGMT promoter was found in 95% and in 36% in the long-term survivor and control groups,
respectively (p <0.001). IDH1 R132H mutated patients had a non-significant lower risk of dying from glioblastoma (p
= 0.437), in comparison to patients without this mutation. Other mutations were rare, with no significant difference
between the two groups.

Conclusions. Molecular and genetic testing offers additional prognostic and predictive information for patients with
glioblastoma. The most important finding of our analysis is that in the absence of MGMT promoter methylation, long-
term survival is very rare. For patients without this mutation, alternative tfreatments should be explored.
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Introduction the prognosis of patients with glioblastoma (GBM).

In the past, surgery alone or combined with less
Treatment with surgery, conformal radiotherapy  precise techniques of radiotherapy led to median
and chemotherapy led to modest improvement in  survival of 12 months and only about 20% of pa-
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tients survived beyond 2 years.'? After introduc-
tion of modern tri-modality treatment, median sur-
vival extended to 14 months.>* For the majority of
patients, however, the prognosis remains poor and
long-term survival beyond 3 years after diagnosis
is still rare.®

Several clinical characteristics have been con-
firmed as independent prognostic factors. Worse
survival has been associated with advanced age,
poor performance status and incomplete surgical
resection of the tumour.>® Regarding post-surgical
treatment, over 8 weeks of delay with postopera-
tive radiotherapy and omission of postoperative
chemotherapy had negative impact upon survival,
as well.>12

Study of the prognostic importance of immuno-
histochemical and genetic characteristics of brain
tumours is a relatively recent approach. In low-
grade gliomas, mutation of enzyme izocitratede-
hidrogenazel (IDH1) has been found in more than
60% of cases.!® Patients with mutated IDH1 fare bet-
ter than those who have IDH1 wild type.''® In ana-
plastic oligodendroglioma, co-deletion of 1p and
19q chromosomes conferred a significant benefit
when compared to patients without this mutation.
In GBM, mutation of IDH1 is far rarer than in lower
grade gliomas and the prognostic importance of
this mutation has not been confirmed.”' However,
GBMs often gain methylation of the promoter of
methyl guanine methyl transferase (MGMT), an
enzyme otherwise un-methylated and as such has
been found to diminished its influence on temo-
zolomide therapeutic function and ultimately im-
prove patient survival repair alkylation caused by
temozolomide. Some studies have used MGMT
methylation status as a stratification tool.20-%

The genes cyclin-dependent kinase inhibitor 2A
(CDKN2A) and CDKNZ2B, are sometimes used as a
poor prognosis marker in various neoplasms, and
the decreased expression of these genes, has been
shown to correlate with the poor prognosis.?* It
has been proposed, that as CDKN2A is present in
paediatric low grade gliomas, recurring as a high
grade one of prognostic factors is CDKN2A dele-
tion and that probably patients expressing could be
treated differently at the first presentation.?

This study focused on some genetic character-
istics of the GBMs and used to test the hypothesis
that long-term survival is in association with these
genetic alterations. We compare GBM patients with
survival beyond 2.5 years with a control group
matched by age, extent of surgery, performance
status and therapy, but with standard median sur-
vival of GBM.

Patients and methods
Selection of patients

In Slovenia, surgery for brain tumours is done in
Departments for Neurosurgery of the University
Clinical Centre in Ljubljana and in Maribor. In
case of indication for radiotherapy and/or chemo-
therapy, patients are referred to the Institute of
Oncology Ljubljana.

The pool of patients covered by this analysis
comprises all cases with biopsy-proven GBM and
treated at the Institute of Oncology in Ljubljana be-
tween 1997 and 2011. Initial analysis included data
on demographics, extent of surgery, performance
status, post—surgical treatment, time to progres-
sion and survival. Follow-up for progression and
update on survival were completed on September
2014.

From this series of patients, two groups of
patients were selected for detailed immunohis-
tochemical and molecular genetic analysis. All
tumours were initially classified and graded ac-
cording to current WHO 2007 classification of the
tumours of the central nervous system.?® Long-term
survival (LTS) group were patients with survival
beyond 30 months. Control group were patients
matched to the LTS group according to age, extent
of surgery, performance status, radio/chemo thera-
py and with survival shorter than 30 months.

Immunohistochemical and genetic tissue
analysis

From selected paraffin blocks of GBMs with LTS
and control groups the samples were taken and
tissue microarray (TMA) was made in which the
sample of each tissue was 2 mm thick in diameter.
After sampling the tissue for TAM 10 sections of
5-um thickness from each block we additionally
cut for molecular epigenetic and genetic analysis
for MGMT promoter methylation, IDH1 and IDH2
mutations, presence of 1p/19q co-deletion and
CDKN2A, CDKN2Bmutations.

Immunohistochemistry was applied on 4-pum-
thick sections of TAM to detect IDH1 R132H mu-
tation using mouse MAb clone H09, diluted 1:50
(Dianova, Hamburg, Germany) on a Bench Mark
XT immunostainer (Ventana Medical Systems,
Tuscon, AZ, USA).

DNA isolation

Tissue samples were cut at 10 um from formalin-
fixed paraffin-embedded tissue blocks and for the
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TABLE 1. Demographics, standard prognostic factors and treatment for long-term
survivor (LTS) group and control group

Variable LTS group Control group
Mean age (range) 47,5 (21-74) 49, 6 (23-74)
Gender Male 24 31
Female 16 9
Surgery Gross fotal 22 23
Reduction 15 15
Biopsy 3 2
WHO PS 0 9 5
1 25 26
2 4 9
3 2 0
Mean RT dose (Gy) 58 57.9
RT technique 1D 1 0
2D 3 3
3D 36 37
No. of fractions 25-33 25-33
Chemotherapy Yes 37 39
Adjuvant only 3 1

PS = performance status;

; RT = radiotherapy

isolation procedure, six to eight 10 um sections
were used. Total DNA isolation was performed
using QIAamp DNA FFPE Tissue Kit (Qiagen) ac-
cording to the manufacturer’s protocol. The DNA
was eluted in 60 pl of nuclease-free water. The
yield was measured fluorescently using Quant-It
(Life Technologies) according to manufacturer in-
struction and Rotor Gene Q (Qiagen).?%

MGMT methylation detection

For MGMT methylation detection, methyl-specific
polymerase chain reaction (MSP) was used in a
two-step approach with primers previously de-
scribed.?® Briefly, prior to MSP, 500 ng of DNA
was used for bisulfite conversion using innuCON-
VERT Bisulfite Basic Kit according to manufac-
turer instruction (Analytik Jena) and stored at -20°
for subsequent MSP. For MSP, 15 ng of bisulfite
converted DNA was used with 0.2 uM of each
primer for methylated form and 0.3 pM of primer
for unmethylated form, 2 mM of dNTP and 0.25
U of Hot Master Polymerase (5 Prime) in 10 pl re-
action. Amplification was performed according to
manufacturer instruction using 59 °C for primer
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annealing. In each run, fully methylated (EpiTect
Control DNA, methylated, Qiagen) as well as fully
unmethylated controls (EpiTect Control DNA, un-
methlyated, Qiagen) were used as assay controls.
Results were analysed using 2% agarose gel. The
investigator who analysed the glioma samples
were blinded to all clinical information.

Multiplex ligation-dependent probe amplifica-
tion (MLPA) analysis was used to detect copy num-
ber changes of multiple loci simultaneously (http://
www.mlpa.com) and all assays used were prepared
by MRC-Holland (Amsterdam, the Netherlands).
MLPA assay P088-C1 was used to detect complete
or partial losses involving chromosome 1p (19
probes), 19q (11 probes) and genes CDKN2A (3
probes), CDKN2B (2 probes) and identification of
the most common IDH1 (R132H, R132C) and IDH2
(R172K, R172M) mutations. MLPA was performed
as described by the manufacturer and data analysis
was performed with Coffalyser software. Detection
thresholds were set at 1.2 and 0.8 for the detection
of low-level gains and hemizygous losses, respec-
tively. For chromosome 1pand 19q losses, a dis-
tinction was made between complete and partial
losses, the latter were defined as a ratio < 0.8 for
at least 3 adjacent probes but not of all probes for
these chromosome arms.*

SPSS 20 statistical package was used for statis-
tical analysis. The prognostic importance of indi-
vidual parameters for the LPS and control groups
were compared with chi-square test and then with
non-parametric test package. The difference of cor-
ticosteroid dose between groups at different time
intervals was calculated using T-test. Cox regres-
sion was used for survival analysis.

The study was approved by Ethics and Study
Protocol Assessment Committee at the Institute of
Oncology Ljubljana and by the Slovenian Ethics
Committee for Research in Medicine (approval ref.
no. 12/07/2011) and was carried out according to
the Helsinki Declaration.

Results

During the period covered by this study, 862 pa-
tients (501 male, 361 female) with GBM were treat-
ed at the Institute of Oncology in Ljubljana. Median
age was 60 years (range: 18 to 86 years). From this
series, 40 patients with survival beyond 30 months
(LTS group), and 40 patients with shorter survival
and matched according to age, extent of surgery,
performance status, and therapy (Control group)
were selected for further analysis.
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Survival in Long Term Survivors (LTS) and control group
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FIGURE 1. Survival of glioblastoma patients.

Data on demographics and basic prognostic fac-
tors for the LTS and control groups are presented
in Table 1. Regarding standard prognostic factors
and treatment, no difference is seen between LTS
group and control group.

Median overall survival for all 863 patients was
10 months. Median survival for the LTS group and
for control group was 58 and 12 months, respec-
tively (Figure 1).
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FIGURE 2. Methyl guanine methyl transferase (MGMT) promoter
methylation in long term survivors and control group.

Results of genetic analysis
MGMT promoter methylation

Using MSP, 48 of 74 (65%) samples from patients
with GBM have methylated analysed CpG islands
of MGMT. One sample failed to amplify, therefore
analysis was not possible, and one sample gave
non-conclusive results. Kaplan-Meyer analysis
revealed that overall survival was significantly
longer in patients with methylated MGMT com-
pared to those with unmethylated MGMT (43 vs.
16 months respectively, p < 0.001). Similarly, time
to progression was significantly longer in patients
with methylated MGMT compared to those with
unmethylated MGMT (36 vs. 11 months respective-
ly, p <0.001).

In 2 cases in the LTS group and 7 cases in the
control group, the bioptic material was not suffi-
cient for MGMT promoter methylation analysis.

Methylation of MGMT promoter was confirmed
in 36/38 patients in the LTS group and in 12 of 33
patients in the control group (chi square test: p <
0.0001) (Figure 2).

IDH1 R132H mutation

Immunohistochemically IDH1 R132H mutation
was identified in 6 cases in the LTS group and in 1
case in the control group (p = 0.043). The same re-
sults were achieved with genetic analysis of IDH1
R132H mutation (Figure 3).

All six IDH1 R132H mutations were present in
MGMT methylated GBMs of LTS patients.
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IDH1 status
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FIGURE 3. Izocitratedehidrogenazel (IDH1) mutations in long
ferm survivors and control group.

TABLE 2. Response to primary freatment

LTS group Control group P value
Complete response* 24 4 < 0.001
Partial response 5 2 n.s
Stable disease 4 13 0.013
Progression 7 20 0.002
Overall response 31/40 19/40 <0.001
Non evaluable 0 1

*Includes patients reported by surgeon as gross total resection; LTS = long term survivor

TABLE 3. Molecular and genetic markers

LTS group Control group P valve
?iar:rlnunohisiochemistry) 6/40 1734 0.043
IDH1 (genetic) 6/38 1/33 0.043
IDH2 (genetic) 0/38 0/33 n.s
1p/19q 0/38 1/34 ns.
1p 3/38 1/34 ns.
199 10/38 6/34 n.s.
MGMT methylation 36/38 12/33 < 0.001
CDKN2A (deletion) 29/39 25/34 n.s.
CDKNZ2B (deletion) 27/39 24/34 n.s.

IDH = izocitratedehidrogenaze; LTS = long term survivor; MGMT = methyl guanine methyl
transferase; n.s. = non-significant
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We calculated the risk ratio using Cox regression
analysis, and in the patients with the IDH1 R132H
mutation, the risk of dying of glioblastoma in the
observed period was found to be 0.7 of the risk in
IDH1 wild type patients. Due to the small number
of patients, this was not statistically significant (p
= 0.437).

IDH2 mutations

No IDH2 mutations were found.

1p/19q co-deletion

Chromosomal deletions in 1p and 19q were found
in 40% of the patients in the LTS group and in 23.5%
of patients in control group (p = 0.167), deletions
or partial deletions on 1p or 19q were equally dis-
tributed in both groups. No significant differences
were found when looking for specific deletions
and duplications in single or both chromosomes.
Only one patient had a 1p/19q co-deletion, thus
suggesting GBM arising from previously undiag-
nosed oligodendroglial tumour.

CDKN2A and CDKN2B

There were no differences between the two groups
in the expression of CDKN2A and CDKN2B

The frequencies of the assessed markers are
summarized in the Table 3.

Discussion

For any malignancy, prognostic factors are essen-
tial when comparing different treatments within a
randomised clinical trial or among several separate
reports. In addition, predictive factors are helpful
in assessing susceptibility to a particular treat-
ment. In combination, identification of prognostic
and predictive factors may define categories of pa-
tients for whom alternative treatments should be
explored.

Regarding glioblastoma, the widely recognized
favourable prognostic factors for longer survival
are younger age, gross total surgical resection of
the tumour, good performance status and initia-
tion of postoperative radiotherapy within 2 months
after surgery. Patients over 70 years of age have a
median survival of just half a year regardless of the
treatment, and the majority of those over 75 don’t
even reach the end of initial radiotherapy. On the
other hand, average survival of patients under 50
exceeds 2 years, as recently reported by our group*
and by several other authors.3® Type of surgery
is also important: median survival is three months



Smrdel U et al. / Survival in glioblastoma and methyl guanine methyl transferase

shorter for patients after biopsy, when com-
pared with those after maximal safe resection.3%
Performance status after surgery plays a major role
in a patient’s survival: patients unable to perform
daily chores have a median survival of around 3
months.3¢38 Finally, shorter survival has been re-
ported for patients who start radiotherapy after a
delay of more than 6 to 8 weeks after surgery.’

To ad those known factors into the frame, which
can help clinician to decide on the optimal treat-
ment of the glioblastoma patients, recursive par-
titioning analysis (RPA) of those factors has been
performed. Patients are then stratified to RPA
classes which closely correspond to median sur-
vival.3%41

Still, in spite of significant improvement of
median survival after tri-modality treatment, the
prognosis for most patients remains grim.#4

Our study is an attempt to assess an epigenetic
and several genetic characteristics of the tumour as
prognostic and predictive factors in glioblastoma.
While long-term survivors with this disease are
indeed a minority, some patients do survive be-
yond three years. A group of patients with LTS was
therefore compared with a control group of pa-
tients with shorter survival. Since the two groups
were balanced according to classical prognostic
factors, novel prognostic factors would emerge.

Among molecular prognostic factors, MGMT
methylation has been the most widely studied.44
MGMT has been proposed as a major factor deter-
mining prognosis and also predicting response to
temozolomide-based chemotherapy. An overall
survival benefit in MGMT promoter methylated
patients, even among those treated only with ra-
diotherapy, points to its role as a prognostic fac-
tor.#” Kim with co-workers compared patients with
MGMT un-methylated tumours those with MGMT
methylated tumours and reported median survival
of 20 and 29 months, and 2-year survival of 31%
and 54%, respectively.*

The most important finding of our study is that
MGMT promoter methylation was detected in 95%
of patients with LTS, and only in 36% of patients in
the control group. The difference is highly signifi-
cant. On the basis of our data, it seems that with the
current treatment, MGMT promoter methylation is
a condition without which glioblastoma patients
with LTS are rarely seen.

In our analysis, methylated MGMT promoter
was confirmed in 36/38 and in 12/33 cases for the
LTS and control groups, respectively. It appears
that without MGMT promoter methylation, LTS
unlikely. Even more importantly, an un-methylat-

ed genotype is an ominous portent for the majority
of patients.

IDH1 mutations are also significantly more
common among patients surviving beyond two
and half years. IDH1 mutations were present only
in the MGMT promoter methylated patients, As
IDH1 mutations in glioblastoma are rare and their
independent prognostic impact is still unknown,
we would not recommend routine IDH1 testing in
all glioblastoma patients.*

Treatment of elderly patients with glioblas-
toma remains a difficult challenge. Recently, it
was proposed that elderly patients should be of-
fered treatment, based primarily on the MGMT
promoter methylation status: radiotherapy alone
for un-methylated and temozolomide or acceler-
ated radiotherapy with temozolomide for patients
with MGMT methylated tumours.® In our survey,
age was not a factor when considering patients
for conventional tri-modality treatment and we
do have some patients with LTS also among the
elderly. In our opinion, an elderly patient in good
performance status should be offered conventional
tri-modality treatment, regardless of MGMT pro-
moter methylation status.

Conclusions

Molecular and genetic testing offers additional
prognostic and predictive information for patients
with glioblastoma. The most important finding of
our analysis is that in the absence of MGMT pro-
moter methylation, long-term survival is very ra-
re. For patients without this mutation, alternative
treatments should be explored.
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Dolgotrajno prezivetje bolnikov z glioblastomom.
Promoter metilacije metil gvanin metil transferaza

(MGMT) je neodyvisni ugodni napovedni dejavnik
Smrdel U, Popovi¢ M, Zwitter M, BostjancicC E, Zupan A, Kovac V, Glavac D, Bokal D, Jerebic J

Izhodisc¢a. Po uvedbi kombiniranega zdravljenja se je preZivetje bolnikov z glioblastomom pomembno izboljSalo, kljub temu
pa je napoved poteka bolezni za vecino bolnikov slaba. Klinicni napovedni dejavniki (starost, spol, obseg operacije in splosno
stanje zmodgljivosti) ne najavljajo zanesljivo dolgotrajnega prezivetja. Namen te raziskave je bil ovrednotiti imunohistokemicne
in genetske znacilnosti tumorjev kot dodatnih napovednih dejavnikov pri bolnikih z glioblastomom.

Bolniki in metode. Iz skupine bolnikov z dolgotrajnim preZivetiem smo izbrali 40 bolnikov, katerih prefivetie je bilo daljse od
30 mesecev. Kontrolno skupino je sestavljalo 40 bolnikov z krajsim prezivetiem, ki se glede na klini€ne napovedne dejavnike
niso razlikovali od bolnikov iz skupine z dolgotrajnim preZivetiem. Vse bolnike smo zdravili z operacijo, pooperativno radiote-
rapijo ter temozolmidom med in po radiotrapiji. Biopti€ne vzorce smo testirali (1) glede metilacije promoterja gena za metil
gvanin metil fransferazo (MGMT) in pri tem uporabili metilacijskospecificno polimerazno verizno reakcijo; (2) ugotavijali smo
tudi mutacije gena za encim izocitratedehidrogenazo 1 (IDH1) z imunohistokemiéno metodo in metodo od multipleksne po-
vezave odvisne probatorne amplifikacije (angl. multiplex ligation dependent probe amplification, MLPA); (3) prav tako smo
z metodo MLPA dolocevali mutacije IDH2 in mutacije za gen ciklin odvisnega kinaznega inhibitorja (angl. cyclin-dependent
kinase inhibitor 2A, CDKN2A) in mutacije CDKN2B; (4) z metodo fluorescentne in situ hibridizacije pa smo ugotavijali preure-
ditev 1p/19q.

Rezultati. Metilacijo promoterja za MGMT smo nasli pri 95 % bolnikov v skupini z dolgotrajnim prezivetiem in pri 36 % bolnikov
v kontrolni skupini (p < 0,001). Bolniki z mutacijo IDH1 R132H so imeli neznadilno niZie tveganje za smrt zaradi glioblastoma (p
= 0.437). Druge mutacije so bile redke in brez znacilnih razlik med skupinama.

Zaklj ucki. z molekularnim in genetskim testiranjem lahko ugotovimo dodatne napovedne dejavnike za prezivetje in odgo-
vor na zdravlienje pri bolnikih z glioblastomom. NajpomembnejSa ugotovitev nase raziskave je, da je dolgotrajno prezivetje
brez promotorja metilaciie MGMT zelo redko. Pri bolnikih, ki imajo glioblastom brez teh mutacij, bo potrebno raziskati druga-
¢en nacin zdravljenja.
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