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Abstract

Background. Glioblastoma multiforme (GBM) is an aggressive brain tumor with poor survival rates despite cur-
rent treatments. The standard of care (SOC) includes surgery, followed by radiotherapy plus concurrent and adju-
vant chemotherapy with temozolomide (TMZ). This phase Il trial assessed the safety and efficacy of neoadjuvant
TMZ (nTMZ) before and during chemoradiotherapy in newly diagnosed GBM patients.

Methods. Newly diagnosed GBM patients who underwent maximal safe resection were randomized into 2
groups. One received nTMZ before standard chemoradiotherapy and adjuvant TMZ (intervention). The other re-
ceived standard chemoradiotherapy followed by adjuvantTMZ (control). Primary endpoints were progression-free
survival (PFS) at 6 and 12 months. Secondary endpoints included overall survival, radiological and clinical re-
sponses, and adverse events.

Results. Of 35 patients, 16 were in the intervention group and 19 in the control group. Median PFS was 9 months
(95% Cl: 3.93-14.06) versus 3 months (95% confidence interval [CI]: 1.98-4.01) in the control and intervention groups
(P =.737), with a high progression rate (73.4%) during nTMZ treatment. The 6-month PFS rates were 58% versus
25% (P=.042), and 12-month PFS rates were 26% versus 25% (P=.390) in the control and intervention groups,
respectively. Patients with unmethylated O8-methylguanine-DNA methyltransferase (MGMT) and those with good
performance status (PS) had significantly worse PFS with nTMZ. However, those who underwent larger extent of
resection exhibited significantly better PES with nTMZ. Adverse events were similar between groups.
Conclusions. NeoadjuvantTMZ before SOC chemoradiotherapy did not improve outcomes for newly diagnosed
GBM patients and is unsuitable for those with unmethylated MGMT and good PS. However, It may benefit patients
with near or gross total resection. Further research is needed to refine GBM treatment strategies.

Key Points

Neoadjuvant temozolomide (nTMZ) did not improve overall survival or progression-free
survival in glioblastoma.

Patients with unmethylated O8-methylguanine-DNA methyltransferase and good
performance status had worse outcomes with nTMZ. However, those who underwent
larger extent of resection had significantly better PFS with nTMZ.

Adverse events were similar across both treatment groups.
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Importance of the Study

This phase Il trial evaluates the impact of neoadjuvant
temozolomide (nTMZ) in newly diagnosed glio-
blastoma (GBM) patients compared to standard
chemoradiotherapy. Despitethe rationale fornTMZ as an
early intervention, our study reveals that it does not en-
hance progression-free survival. It may be less effective
in patients with unmethylated 0f-methylguanine-DNA

Glioblastoma (GBM) is the most common and lethal pri-
mary brain tumor in adults, which accounts for 75% of
high-grade glial brain tumors." Despite the implementation
of various treatment modalities, GBM prognosis remains
poor, with median overall survival (OS) and progression-
free survival (PFS) of approximately 14 months and 6.9
months, respectively.?

The current standard of care (SOC) for the treatment of
GBM is based on the landmark trial published in 2005 by
Stupp et al. This study showed that the addition of concur-
rent and adjuvant temozolomide (TMZ) to postoperative ra-
diotherapy (RT) increased the median OS from 12.1 to 14.6
months and the 2- and 5-year OS from 10.4% to 26.5% and
from 0% to 10% respectively when compared to postopera-
tive RT alone.® These results established the standard treat-
ment for GBM, consisting of debulking surgery followed by
concomitant chemoradiotherapy (CRT) and adjuvant TMZ.
Subsequent studies failed to obtain better outcomes, with the
exception of the addition of tumortreating fields (TTF) toTMZ
maintenance after CRT in the EF-14 trial, which resulted in in-
creased median OS from 16 to 20.9 months.* Nevertheless,
the EF-14 study presented some limitations, including an
open-label setting, and other randomized trials failed to re-
produce these findings.® As a result, the use of TTF remains
infrequent, also in advanced neuro-oncology programs
in developed countries.® Subsequently, other agents have
been explored in phase 3 randomized controlled trials (RCT).
The addition of nivolumab, an anti-PD1 (programmed cell
death protein 1) drug, to RT did not improve the OS rates in
unmethylated MGMT (um-MGMT) patients.” Lomustine plus
TMZ showed some efficacy in methylated-MGMT (m-MGMT)
patients, though at the cost of higher toxicity, limiting its use
to younger patients with good performance status (PS).8°
Considering the available evidence, RT and TMZ remain the
safest, most effective, and readily accessible options for the
majority of GBM patients with both m-MGMT and um-MGMT.

The efficacy of TMZ treatment was first shown in 1999 by
clinical trials in the treatment of recurrent glioma. In these
studies, the administration of TMZ before, during, and after
RT was proven to be effective in this setting.'® However, the
role of TMZ as neoadjuvant therapy in de novo GBM has not
yet been defined. There are many theoretical advantages of
neoadjuvant TMZ (nTMZ) use before RT: (a) Of-alkylguanine
DNA alkyl-transferase, also known as Of-methylguanine-
DNA methyltransferase (MGMT), is a DNA repair enzyme
that antagonizes the effects of alkylating drugs. When the
MGMT gene promoter is methylated, which occurs in about
45% of GBM cases, a better response to alkylating agents
is observed.™ MGMT status is the strongest predictor of

methyltransferase, good performance status, or those
undergoing incomplete resections. These findings chal-
lenge the potential benefits of NnTMZ and highlight its
unsuitability for certain patient subgroups. Future re-
search should focus on optimizing GBM treatment strat-
egies, possibly incorporating patient-specific factors to
better tailor therapies.

survival among glioma patients receiving alkylating drugs.'?
Protracted treatment with TMZ (at least 7 days) can decrease
MGMT activity, hence increasing the efficacy of this drug.®
Therefore, nTMZ before RT may enhance its activity and
effect during subsequent RT treatment, (b) based on pre-
vious reports, NnTMZ may result in tumor shrinkage, which
can improve neurological symptoms and reduce radiation
treatment volume.’®"® This may increase the possibility of
delivering full-dose RT and lessen the side effects.'® Tumors
with MGMT gene promoter methylation are more sensitive
to chemotherapy. Therefore, if neoadjuvant chemotherapy
can shrink the tumor size before radiation therapy, patients
with MGMT-methylated tumors are likely to gain the most
significant benefit from this approach, (c) it was shown that
53% of GBM patients present with tumor regrowth within
4 weeks after surgery.” Currently, the routine interval be-
tween the surgery and the start of chemoradiotherapy lies
in 4-5 weeks,"” and there is some evidence that starting RT
earlier than 3 weeks is associated with worse outcomes.'®"°
Also, in real-world settings, the interval between surgery and
RT might exceed 6 weeks due to various socioeconomic fac-
tors.' By using neoadjuvant chemotherapy, TMZ treatment
can be started sooner than RT, which could theoretically re-
duce the risk of tumor regrowth in a subset of patients, and
(d) performing MRI before RT helps in defining the radiation
volume. However, surgery-induced reactive enhancements
can appear immediately or within weeks following the tumor
resection, affecting the delineation for radiation planning.?°
This is particularly important considering the latest guide-
lines recommending narrower CTV (clinical target volume)
margins than before.?" Starting TMZ after surgery and be-
fore RT, if proven effective, may eliminate the need to start RT
sooner than 5 weeks. This may allow us to perform an MRI at
a time when fewer artifacts are anticipated and provide the
ideal time to obtain a more accurate RT plan.

Considering the poor outcomes despite the ongoing
research and taking into account the potential benefit of
neoadjuvant chemotherapy, we aimed to assess the feasi-
bility and efficacy of adding nTMZ to chemoradiotherapy
after surgery in patients with newly diagnosed GBM.

Material and Methods
Study Population

Patients with newly diagnosed, histologically confirmed
GBM who underwent surgery, including different ex-
tent of resection such as biopsy, subtotal resection (STR),
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Figure 1.

The design of the NEOTEM study. This figure represents the design of the current clinical trial involving 35 postsurgery patients. It

compares the 2 treatment regimens: the intervention group receives neoadjuvant temozolomide followed by chemoradiotherapy (CRT) and then
adjuvant temozolomide, while the control group undergoes CRT followed by adjuvant temozolomide. The figure details the cycles and durations of

each treatment phase for both groups.

near-total resection (NTR), and gross tumor resection
(GTR), were enrolled in this phase Il trial. The inclusion cri-
teria included: age 18-80 years, contrast-enhanced brain
MRI with radiological evidence of high-grade glial tumor,
pathological confirmation of GBM, Eastern Cooperative
Oncology Group (ECOG) PS of 0-3, adequate hematopoi-
etic (hemoglobin > 9 g/dL, platelet count > 100000/uL, ab-
solute neutrophil count [ANC] > 1500/uL), renal (serum
creatinine < 1.5 mg/dL), and hepatic functions (aspartate
transaminase [AST] and alanine transaminase [ALT] <3
times the upper limit of normal, bilirubin < 1.5 mg/dL), and
absence of severe systemic disease such as infection that
requires injectable antibiotic treatment.

Patients with a history of prior or current evidence of
other cancer diagnosis, prior radiation to the brain except
for treatment of scalp squamous cell carcinoma (SCC) and/
or basal cell carcinoma (BCC), low-grade or anaplastic
glioma, limited PS, that is ECOG 2-3 due to reasons other
than the brain tumor, pregnancy, breastfeeding, or any
condition (medical, social, and psychiatric) that hinders the
possibility of gathering information and follow-up were ex-
cluded from the study.

Study Design and Treatment

This is a randomized phase Il trial conducted at Iran Cancer
Institute between 2020 and 2022. The study was approved
by the Tehran University of Medical Sciences review board
and ethics committee (code: IR.TUMS.IKHC.REC.1399.240),
followed by registration in the Iranian repository of clinical
trials (IRCT code #20150929024266N5).

The trial was designed to test the safety and efficacy of
neoadjuvant chemotherapy with TMZ (before concomi-
tant CRT and after surgery) followed by the SOC treatment
(intervention arm) compared to the SOC treatment alone
(control arm). Standard of care treatment was defined as
maximal safe resection surgery followed by concomitant

CRT and adjuvant chemotherapy with TMZ for at least 6
cycles, to a maximum of 12 cycles.

Patients with newly diagnosed GBM who had undergone
maximal safe resection and had met all the inclusion cri-
teria were randomized on a 1:1 basis. The trial statistician
generated a randomization code using a computer-based
random number table.

Patients in both arms were required to initiate the treat-
ment within 3-5 weeks after the surgery. In the intervention
arm, nTMZ was delivered for 3 cycles, followed by CRT and
adjuvant TMZ for 3 cycles at least 4 weeks after RT com-
pletion. The TMZ was given at 150-200 mg/m?%d for 5 days
(days 1-5) every 28 days in the neoadjuvant and adjuvant
settings and at 75 mg/m?/d daily concurrently with RT. The
RT schedule was 60 Gy in 30 sessions at 2 Gy per fraction, 5
days a week. If patients showed clinical progression during
the neoadjuvant period, the RT prescription was adjusted
to a hypofractionated regimen (40 Gy in 15 fractions) in
limited PS.

Patients in the control arm received CRT followed by 6
cycles of adjuvantTMZ starting at least 4 weeks after com-
pleting RT. The TMZ dose and schedule, as well as the RT
prescription, were the same as in the intervention arm
(Figure 1).

Surveillance and Follow-Up

Patients were visited weekly during RT and monthly during
neoadjuvant and adjuvant chemotherapy by radiation on-
cology specialists. If clinical progression was suspected in
the intervention arm before the completion of the 3 cycles
of neoadjuvantTMZ, patients immediately started the CRT
treatment.

Bloodwork tests were carried out periodically 24-72 h
before receiving the next cycle of TMZ and weekly during
the CRT. Mini-Mental State Examination (MIMSE) question-
naires were performed at different time points to test the
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cognitive function: (a) before starting the nTMZ, (b) be-
fore and immediately after CRT, and (c) after completing
the adjuvant TMZ in the intervention group.?? In the con-
trol group, MMSE was performed before and immediately
after CRT and after completing the adjuvantTMZ.

In both groups, multiparametric MRI with Magnetic
Resonance Spectroscopy (MRS) and Magnetic Resonance
Perfusion (MRP) sequences were done before starting the
treatment, which was 2-4 weeks after surgery. In the in-
tervention group, the MRI was repeated 2-4 weeks after
the completion of 3 cycles of NnTMZ or at the time of neu-
rological deterioration in case tumor progression was
suspected. The clinical progression was defined as any
deterioration in mental and cognitive function, the emer-
gence of focal neurological deficit, seizure, and headache
that were attributable to a brain tumor. Another sign of
progression was the start of dexamethasone to control the
symptoms. In both groups, patients were followed by MRI
12 weeks after the completion of the CRT and then every
3-6 months for 2 years. If neurological symptoms wors-
ened, the brain MRI was done earlier. The follow-up period
was planned to be at least 24 months.

Molecular Studies

Molecular studies were not mandatory but strongly en-
couraged. IDH was tested by IHC (immunohistochemistry)
or genetic studies, including sequencing analyses to
identify mutations in IDH1, IDH2, and TERT genes. Q°f-
methylguanine-DNA methyltransferase status was defined
as the presence of methylation in the MGMT gene using
pyrosequencing.?

Statistical Analysis

The primary endpoint of this trial was the PFS, defined as
the time without disease progression from the randomi-
zation to the time of death or last follow-up or clinical or
radiological progression. Secondary endpoints included
0S, radiological and clinical response to nTMZ, and safety
measured by the rate of adverse events. Radiological re-
sponse to nTMZ was defined based on RECIST 1.1 criteria
by comparing MRI sequences at baseline (pre-nTMZ) and
after the administration of 3 cycles of NnTMZ (post-nTMZ)
in the intervention arm. The toxicities were graded based
on the Common Terminology Criteria for Adverse Events
version 5.0 (CTCEA v5.0). The calculated sample size with
an 80% power (2-sided a of 0.05) was 67 patients in each
group (134 patients in total), aiming to detect a hazard ratio
(HR) of 0.6 or less, meaning at least a 40% relative reduc-
tion in disease progression in 6 months. About one-third
of the patients were subjected to an interim analysis to as-
sess the futility of the intervention. An intention-to-treat
(ITT) analysis was performed to include all randomized
patients in the analysis according to the group they were
originally assigned to, regardless of whether they com-
pleted the intervention as per protocol. The Cox propor-
tional hazards test method was used to compare the PFS
between the 2 groups and the effect of different variables,
including ECOG, the extent of resection, and MGMT meth-
ylation status. ANOVA was used for repeated measures to

compare changes in cognitive status scores. The level of
significance was placed at 0.05.

Results
Study Participants

Due to the slow recruitment of patients, which was coin-
cident with the COVID-19 epidemic, only 35 patients were
randomized during the study period: 19 patients to the con-
trol group and 16 patients to the intervention group (Figure
2). An interim futility analysis was carried out. Table 1 sum-
marizes the patient and tumor characteristics.

Treatments and Outcomes

Treatments outcomes are summarized in Supplementary
Table 1. The number of neoadjuvant chemotherapy cycles
given in the intervention group was as follows: 11 (68.8%)
patients received 3 cycles of TMZ, 2 (12.5%) patients re-
ceived 2 cycles due to early disease progression and
commencement of RT and death in one patient, 3 (18.8%)
patients received only 1 cycle of TMZ due to early disease
progression: 1 patient was lost to follow-up, another pro-
gressed and died, and the third commenced RT earlier due
to disease progression. Of the 16 patients in the interven-
tion arm, 9 (56.2%) underwent CRT with 60 Gy in 30 frac-
tions, while 3 (18.7%) received hypofractionated RT with
40 Gy in 15 fractions due to the deterioration of PS after
progression on nTMZ. The remaining 4 patients in the in-
tervention arm did not proceed with CRT for the following
reasons: 3 had a baseline ECOG of 3 and experienced rapid
clinical deterioration, with no improvement following che-
motherapy. This decline in PS made them ineligible for
radiotherapy. The fourth patient, despite having an ECOG
of 1, chose to discontinue treatment and refused radio-
therapy. Post-CRT, 7 (43.7%) patients completed 3 cycles of
adjuvant TMZ. Two (12.5%) patients finished 2 cycles, and
one (6.2%) patient received only 1 cycle. Three (18.7%) pa-
tients did not receive any adjuvant TMZ due to poor PS,
tumor progression, or death.

In the control group, 15 (78.9%) patients underwent CRT
with 60 Gy in 30 fractions plus TMZ. However, 4 (21%) pa-
tients died during RT: one due to COVID-19 infection, one
due to pulmonary thromboembolism, and 2 due to tumor
progression. Regarding TMZ administration, 9 (47.3%) pa-
tients completed more than 6 cycles. Two (10.5%) patients
received 5 cycles, another 2 (10.5%) received 2 cycles, and
1 (5.2%) patient completed only 1 cycle. The adjustments
in the number of TMZ cycles were due to factors such as
tumor progression, low PS, or death.

After a median follow-up of 13 months, there was no PFS
or OS benéefit in the intervention group.The median PFS in
the intervention versus control group was 3 months (95%
confidence interval [Cl]: 1.98-4.01) versus 9 (95% Cl: 3.93-
14.06) months (HR: 1.52, [ClI 95% = 0.72-3.23], P=.737).The
6-month PFS rates were 25% versus 58% (P=.042), and
12-month PFS rates were 25% versus 26% (P =.390) in the
intervention and control arms, respectively. Median OS
in the intervention versus control groups was 7.3 (95% CI:
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Figure2. The CONSORT diagram of the NEOTEM study. CONSORT diagram of the NEOTEM trial indicates that out of 45 patients assessed for eli-
gibility, 35 were randomized. The intervention group had 19 patients, all of whom received the allocated intervention. During follow-up, 10 patients
discontinued the intervention (8 due to tumor progression, 1 due to pulmonary thromboembolism, and 1 due to COVID-19). The standard treatment
group included 16 patients, all of whom received the allocated intervention, with 9 discontinuing due to tumor progression and 1 lost to follow-up
due to low compliance. All patients in both groups were included in the final analysis.

5.34-9.26) versus 16 (95% Cl: 14.22-17.78) months (HR: 1.71
[95% CI: 0.75-3.92], P=.198). The 6-month OS rates were
69% versus 94% (P = .062), and 12-month OS rates were
38% versus 70% (P = .057) in the intervention and control
arms, respectively. Figure 3 shows PFS and OS rates in
both study arms.

Tumor progression observed during the treatment with
nTMZ was high, reaching 73.4%, with only 2 patients
(13.3%) experiencing a partial response and another 2
patients (13.3%) achieving radiological stability. Patients
who had a limited extent of resection (biopsy or STR)
had a higher progression rate (84.6%) compared to those
who had a larger extent (NTR or GTR) of resection (84.6%
versus 0%, P=.057). However, even though the difference
was marginally nonsignificant, it suggests a trend where
larger extents of resection may be associated with lower
progression rates. Also the median PFS was 12 months

(95% Cl: 6.64-17.85) in patients with progression and 2
months (95% Cl: 1.73-3.14) in patients with stable or partial
response, respectively (P=.034). Due to the small sample
size, these results should be interpreted cautiously, and
further studies with larger samples are recommended to
confirm these findings.

Subgroup Analysis

The median OS and PFS in the m-MGMT and um-MGMT
subgroups are shown in Supplementary Figure 1A, B. The
median PFS in the subgroup of patients with m-MGMT was
3.7 months (95% Cl: 1.90-5.49) and 3 (95% Cl: 1.92-4.07) in the
intervention and control groups, respectively (P=.230).The
median PFS in the subgroup of patients with um-MGMT was
2.2 (95% Cl: 1.68-2.71) and 10.8 (95% CI: 6.18-15.41) months
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Table 1. Patients and Tumor Characteristics

Characteristics

Intervention (n=16)

Age, average 56.6 y (+19)
Sex

Male 11 (68.8%)

Female 5(31.2%)
ECOG

0-1 9 (56.3%)

2-3 7 (43.8%)
MMSE score, average 18.1 (£9.1)
Extent of resection

Biopsy 8 (50%)

STR 5(31.6%)

NTR 2 (12.5%)

GTR 1(6.3%)
Resectable

Yes 8 (50%)

No 8 (50%)
Tumor Extension

Unifocal 4 (25%)

Multifocal 12 (75%)
Laterality of tumor

Unilateral 12 (75%)

Bilateral 4 (25%)
MGMT?

Methylated 8(57.1%)

Non-methylated 5 (41.7%)
IDH mutation?

Yes 1(11.1%)

No 8 (88.9%)

Control (n=19)
52.4y (x14.9) 0.344
13 (68.4%)
6 (31.6%)
1.000
10 (52.6%)
9 (47.4%)
23.6 (+5.7) 0.054
0.404
7 (36.8%)
6 (31.6%)
6 (31.6%)
0
0.506
12 (63.2%)
7 (36.8%)
0.018
13 (68.4%)
6 (31.6%)
0.379
29 (89.5%)
2(10.5%)
0.695
6 (42.9%)
7 (58.3%)

3(21.4%)
11 (78.6%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GTR, gross tumor resection; IDH, isocitrate dehydrogenase; MGMT, 0F-
Methylguanine-DNA Methyltransferase; MMSE, Mini-Mental State Examination; NTR, near-total resection; STR, sub-total resection.

a0ut of available cases with molecular testing.

in the intervention and control groups, respectively (P<.001)
(Supplementary Figure 1B).

The median OS and PFS in the high PS (ECOG 0-1) and
low PS (ECOG 2-3) subgroups is shown in Supplementary
Figure 1C, D. The median PFS in the subgroup of patients
with high PS (ECOG 0-1) was 3.7 (95% CI: 0.72-4.98)
versus 10.8 (95% Cl: 7.32-14.85) in the intervention and
control group, respectively (P=.032).The median PFS in
the subgroup of patients with low PS (ECOG 2-3) was 2
(95% CI: 0.78-4.72) versus 3 (95% Cl: 1.2-5.21) months in
the intervention and control groups, respectively (P=.23)
(Supplementary Figure 1D).

The median OS and PFS in the limited (biopsy and STR)
and larger (NTR, GTR) extent of resection subgroups is
shown in Supplementary Figure 1E, EThe median PFS in the
subgroup of patients with limited surgical resection (biopsy
or STR) was 2.4 (95% Cl: 1.32-4.85) versus 5.5 (95% CI: 2.72-
7.98) in the intervention and control groups, respectively

(P=.27). The median PFS in the subgroup of patients with
NTR and GTR was 24 (95% Cl: 15.96-31.18) versus 8 (95% Cl:
4.61-13.08) months in the intervention and control group,
respectively (P=.039) (Supplementary Figure 1F).

The rate of adverse events was not statistically dif-
ferent between the 2 arms (summarized in Supplementary
Table 2). No grade 5 toxicity was seen in the intervention
group. There was one case of grade 4 thrombocytopenia,
which was managed by permanent discontinuation ofTMZ,
and 2 cases of grade 3 toxicity in the form of treatment-
related thrombocytopenia and neutropenia during the
neoadjuvant course, leading to 75% TMZ dose reduction
for the subsequent cycle. In the control group, 1 patient
presented with sepsis and consequently grade 5 cytopenia,
1 patient had grade 3 thrombocytopenia, and 1 patient
experienced grade 3 pulmonary embolism after the first
course of adjuvant TMZ, and after the second course, the
same patient presented with grade 3 thrombocytopenia.
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(Neo TMZ) compared to those in the control group (Standard). (A) Median PFS was 3 months (95% Cl, 1.98-4.01) in the intervention group versus
9 months (95% Cl, 3.93-14.06) in the control group, with a hazard ratio (HR) of 1.52 (95% Cl, 0.72-3.23). (B) Median OS was 7.3 months (95% Cl,
5.34-9.26) in the intervention group versus 16 months (95% Cl, 14.22-17.78) in the control group, with an HR of 1.71 (95% Cl, 0.75-3.92; P = .198). The

number at risk at different time points is shown below each plot.

In the intervention group, no nonhematological compli-
cations were recorded. In the control group, two patients
had nonhematological complications (1 patient was hospi-
talized due to neurological decline on the 27th day of CRT
in the context of septic shock, and one case had pulmonary
embolism) (P =.489).

Discussion

This phase |l randomized controlled trial investigated the
efficacy and safety of adding nTMZ to standard CRT treat-
ment in patients with newly diagnosed GBM. We found
that nTMZ did not significantly improve the PFS compared
to the standard treatment regimen. The median PFS was
3 months in the intervention group and 9 months in the
control group (P=.737). Importantly, a high proportion of
patients (73.4%) experienced disease progression during
nTMZ treatment. Adverse events were comparable be-
tween the 2 study arms. Acknowledging that the study was
closed early due to futility is essential. While the study did
not demonstrate a statistically significant detriment to me-
dian PFS with the addition of nTMZ, the trends observed,
particularly the higher progression rates in the interven-
tion group, are concerning. With a small sample size and
early study closure due to futility, these trends raise ques-
tions about the potential negative impact of NnTMZ on dis-
ease control. Thus, based on the current data, the results
do not support the use of nTMZ in this patient population.
Despite these overall results, subgroup analyses
yielded some noteworthy insights. For example, patients
who underwent limited resections had higher progres-
sion rates (84.6%) compared to those who had more
extensive resections (0%). The difference is close to statis-
tical significance (P=.057), suggesting a potential trend
favoring more extensive resections for lower progression
rates. Moreover, the subgroup analysis showed a lower
median PFS and a significant detrimental effect of nTMZ

in patients with um-MGMT and good PS. Additionally,
patients who underwent NTR or GTR had better out-
comes with nTMZ, which needs future validation. It is well
known that biopsy-only patients have a worse prognosis
and may present with worse PFS.?* Most patients in the
present study (43%) underwent biopsy only.This may rep-
resent an important confounding factor when evaluating
the efficacy of nTMZ.The reason for the high numbers of
biopsies and debulking surgery instead of GTR or NTR is
the conception of neurosurgeons regarding the incurable
nature of GBM that prohibits them from doing more ex-
tended and riskier resections in addition to the location
of the tumor in eloquent areas, specifically in the 74% of
patients (those who underwent biopsy or STR), and lack
of updated devices that ensure a safer maximal resec-
tion.?®> While our findings provide insight into the differ-
ences in PFS among various subgroups, the small sample
size limits the statistical power of these analyses. As such,
these results should be interpreted cautiously, and further
studies with larger cohorts are necessary to confirm these
observations.

Table 2 provides a summary of existing clinical trials
assessing novel therapeutic approaches in newly diag-
nosed GBM.*47826 Compared to large-scale studies that
established the current SOC treatment for newly diag-
nosed GBM, that is the Stupp regimen, our results ex-
plore a novel approach of administering TMZ for 3 cycles
before the CRT (60 Gy in 30 sessions of 2 Gy/F, 5 days a
week plus 75 mg/m?/d daily TMZ concurrently with RT) and
thus a direct comparison in terms of efficacy is not appli-
cable. However, our findings on PFS fall within the range
observed in these more extensive studies (typically 6-12
months) for the standard treatment. This suggests that
while nTMZ did not result in PFS improvement, it also
did not significantly worsen outcomes compared to the
established approaches. The strength of our work lies in
exploring a potential new avenue for treatment personal-
ization, particularly for patients with m-MGMT and those
with NTR or GTR, warranting further investigation.
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Authors

Table 2. Summary of Clinical Trials Exploring Novel Therapeutic Approaches in Newly Diagnosed GBM

Study

No. of samples Intervention group

type

CENTRIC Phase 545 Cilengitide 2000 mg of the

EORTC, 11l drug intravenously twice

20142 weekly

EF-14 trial, Phase 695 ReceiveTTFields

20174 I plus maintenance
temozolomide chemo-
therapy

CeTeG/ Phase 141 methylated 6 courses of lomustine

NOA-09, 11l MGMT (100 mg/m? on day 1) plus

20198 TMZ (100-200 mg/m?/day
on days 2-6 of the 6-week
course) in addition to RT
(59-60 Gy)

CheckMate- Phase 498 Nivolumab 240 mg every

498, 20237 Il unmethylated 2 weeks for 8 cycles, then

MGMT 480 mg every 4 weeks

Current Phase 35 Max. 3 cycles of TMZ

study 1l 150-200 mg/m?day for 5

NEOTEM days before RT

Control
group

Studied

outcome

Results

Conclusion

Standard OS Median OS =26.3  The addition of
Stupp Pro- m versus 26.3 m cilengitide did not
tocol provide any survival
benefit
Standard OSand Median OS=20.9 TTFields are a valu-
Stupp Pro- PFS m versus 16 m. able addition to the
tocol Median PFS =6.7 standard mainte-
m versus 4 m nance therapy
Standard OS Median OS was Lomustine-plusTMZ
Stupp Pro- 48.1 versus 31.4 might improve sur-
tocol months (P=-0492) vival compared with
TMZ with methylated
MGMT promoter
Standard OS, PFS, Median OS =13.4 TMZ + RT demon-
Stupp Pro- TRAE m versus 14.9 m strated a longer mOS
tocol (P=.0037). than NIVO + RT
Median PFS=6 m
versus 6.2 m
TRAE =21.9%
versus 25.1%
Standard PFS and PFS =9 m versus Overall, there was no
Stupp Pro- RR 3mHR=152 benefit, but in NTR/
tocol P=.737 GTR and m-MGMT, a
OS =16 m versus benefit was observed
7.3 mHR =171
P=.198 (NS)

Abbreviations: GTR, gross tumor resection; MGMT, 0%-methylguanine-DNA methyltransferase; m-MGMT, methylated-MGMT; NTR, near-total
resection; 0S, overall survival; PFS, progression-free survival; RR, response rate; RT, radiation therapy; TMZ, temozolomide; TRAE, treatment-related
adverse event; TTFields, tumor-treating fields.

Despite the potential advantages of nTMZ, the present
study failed to demonstrate any benefit in the estab-
lished study endpoints. In fact, the median PFS (9 versus
3 months, P=.737) and OS (16 versus 7.3 months, P=.198)
were higher in the control versus intervention group.
Some of the reasons that may explain these results
include:

(a) Imaging during treatment and follow-up was done in a

(b

shorter interval in the intervention group. In the control
group, patients were included on the waiting list for
RT, which could last up to 2 months from the time the
post-op brain MRI was obtained. Subsequently, they
underwent a 6-week RT and were reassessed with a
new brain MRI 3 months later. In summary, subclinical
radiological progression could not be detected in this
group of patients for about 6 to 7 months. In contrast,
in the intervention group, patients were examined with
MRI following nTMZ, which was about 2.5 months after
their baseline MRI.

Although the patients and tumor characteristics were
well balanced between the 2 groups, there were signif-
icant differences in tumor extension, with the interven-
tion group having a higher rate of multifocal tumors
(75%) compared to the control group (31.6%) (P=.018).
These differences in tumor extension, with significantly
more multifocal tumors in the intervention group,

(c)

(d

could have influenced the PFS outcomes and might ac-
count for the observed differences in survival benefits
between the groups.

During the interval from surgery to RT in the
neoadjuvant group, 73.4% of patients progressed. Due
to these rapid progressions, hypofractionated RT was
recommended as patients’ PS decreased. This situa-
tion raises concerns about the efficacy of neoadjuvant
chemotherapy, particularly regarding its impact on the
timing and tolerability of subsequent radiation therapy.
While hypofractionated RT is often employed in elderly
and low KPS patients, improving outcomes in these
groups, they generally still exhibit worse outcomes
than the younger population receiving the full Stupp
regimen.?”?¢ Moreover, the addition of nTMZ did not
result in a notable improvement in PS or disease con-
trol that would make these patients eligible for conven-
tional radiotherapy. This underscores the challenges
associated with delayed RT after neoadjuvant chemo-
therapy, as disease progression during this period can
significantly limit treatment options. Future studies
should focus on strategies to optimize treatment
timing and mitigate disease progression to enhance
outcomes in this challenging patient subset.
Temozolomide monotherapy seems not to be a suffi-
cient option for obtaining optimal tumor control. Given
the aggressive nature of GBM, achieving effective
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management typically requires a combination of dif-
ferent therapies. Perhaps more favorable results would
have been achieved if neoadjuvant chemotherapy was
started earlier (2-4 weeks following biopsy or STR). A
large percentage of patients did not have sufficient re-
section before RT, which is a robust local treatment that
improves local control if started earlier. This is the main
confounding factor of our results. Subsequent studies
should focus on patients with maximal safe surgical re-
sections (NTR and GTR).

(e) Based on previous studies, neoadjuvant chemotherapy
in the biopsied-only GBM patients showed inconclu-
sive results. Moreover, it has been recommended
to assess the effect of MGMT status on treatment re-
sponse and survival.?® Therefore, better results could
have been obtained if patient selection had been lim-
ited to those with m-MGMT and NTR or GTR.

(f) We opted to perform multiparametric MRI, including
MRS and perfusion imaging, which can identify the re-
currences more accurately than conventional MRI. This
could, in part, contribute to a higher rate of progression
diagnosis in the neoadjuvant arm.

Table 3 presents the findings of the main nTMZ trials in
cases of GBM or high-grade glioma comprehensively.'6:30-35
Furthermore, we will discuss 3 studies that have explored
the role of NnTMZ in GBM. Jiang and colleagues performed
a retrospective study of 375 GBM patients from 2012 to
2018. A total of 163 patients were treated with TMZ 75 mg/
m? daily within 7 days of surgery until RT, for an average of
28 days. Subsequently, patients received CRT and adjuvant
TMZ according to the Stupp protocol. A total of 220 patients
underwent standard Stupp protocol exclusively. Both PFS
and OS rates were significantly higher in the intervention
group than in the controls. There was no difference in PFS
and OS in those who underwent GTR, while in those who
underwent less than a GTR (ie, biopsy, STR, or NTR), there
was a significant difference in PFS and OS in favor of the
neoadjuvant group (P=.0094 for PFS and P=.0004 for OS).
In the m-MGMT subgroup, the difference in PFS and OS was
statistically significant (P=.012 for PFS and P<.0001 for
0S), while in the um-MGMT group, it was not.3®

In a nonrandomized single-arm phase Il trial, Shenouda
et al., studied 50 GBM patients who were treated with
nTMZ 75 mg/m? with an interval of 2-3 weeks after surgery
for 2 weeks followed by hypofractionated CRT delivering
60 Gy in 20 fractions followed by 6 cycles of adjuvantTMZ.
The median follow-up was 44 months. The median OS and
PFS rates were 22.3 (95% ClI: 14.6-42.7) and 13.7 (95% CI:
8.0-33.3) months, respectively. This study concluded that
nTMZ provided a survival benefit with acceptable side
effects. Moreover, median OS and PFS in m-MGMT pa-
tients (53.8 and 19.6) were significantly higher than in the
um-MGMT group (16.2 and 8.5) (P=.01). Median OS was
significantly higher in patients who underwent gross total
or partial resection compared to those who underwent
biopsy-only (24.2 versus 8.8, P=.001). However, the anal-
ysis did not indicate a statistically significant difference
in median PFS between the 2 groups (20.3 versus 10.8,
P=.47).¢

It is worth noting that in both Jiang and Shenouda’s
studies, the neoadjuvant TMZ treatment duration was

shorter than our approach. This difference in the timing of
treatment may have contributed to the differing observed
outcomes. However, we tried to design our neoadjuvant
TMZ more similarly to other solid tumors, such as rectal
cancer, where the longer durations of neoadjuvant treat-
ment, like total neoadjuvant therapy, have been shown to
be effective and practice-changing.3®

A study conducted by Malmstrom and colleagues in-
vestigated the effects of administering nTMZ before RT in
patients with anaplastic astrocytoma (AA) and GBM. The
study took place between 2003 and 2014 and enrolled 144
patients. Half of the patients were treated with TMZ before
RT (receiving 200 mg/m? of TMZ on days 1-5 every 28 days,
followed by 60 Gy of radiotherapy in 30 fractions), concur-
rent TMZ was also administered daily with RT. The other
half of the patients received CRT after surgery according
to the SOC. The median survival was 20.3 months for CRT
alone and 17.7 months for nTMZ, which did not reach the
primary objective of the study. However, in a preplanned
subgroup analysis, patients with AA treated with nTMZ
showed a significant increase in median survival of 95.1
months compared to 35.2 months for the group receiving
RT alone. For patients with GBM, there was no significant
difference in survival.¥’

Our findings on nTMZ align with previous studies ex-
ploring neoadjuvant treatments for GBM. Similar to our
research, these studies have not shown a significant PFS
benefit with neoadjuvant approaches. However, our work
adds to the growing body of evidence suggesting that
potential subgroups, including patients with m-MGMT
and NTR, or GTR might respond better. The MGMT meth-
ylation analysis aligns with prior research exploring the
role of molecular markers in personalizing neoadjuvant
therapy for GBM patients. Further investigation into these
subgroups and potentially incorporating other molecular
markers is needed to refine neoadjuvant treatment strat-
egies for newly diagnosed GBM.

The present study has strengths and limitations that
need to be acknowledged. One of the strengths includes
its randomized design, which remains the gold standard
for evaluating the efficacy and safety of any intervention.
Randomized assignment of patients to the intervention
(nTMZ) or control group (SOC) allows for minimizing the
potential bias, yielding more reliable results. Another ad-
vantage was the enrollment of GBM patients who were
treated in 1 center with a uniform treatment protocol.
We also used multiparametric MRl with MRS and per-
fusion MRI in addition to the conventional sequences.
MRS helps to differentiate between tumor recurrence
and pseudoprogression, providing a more precise diag-
nosis.® Additionally, combining perfusion parameters
with standard MRI sequences improves the characteriza-
tion of high-risk areas, ensuring that high-dose treatment
volumes are accurately targeted based on both metabolic
and perfusion characteristics.?® Another strength was the
investigation of nTMZ, which addresses a novel approach
to GBM treatment by investigating the potential benefits of
addingTMZ, including shrinking the tumor before standard
CRT and allowing for a more precise radiation treatment
planning.

In addition, the subgroup analysis explored outcomes
based on MGMT methylation status that provide valuable
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Table 3. Description of the Main Neoadjuvant TMZ Trials

Results

Conclusion

11% CR and 31% PR, 28% SD,
and 26% no response
0S=13.2and PFS=3.9m

20% (n = 32) partial response, 44%
(n=72) stable disease, 36% (n=22)
progression, OS was 16 in re-
sponders versus 3 m in patients with
progressed disease

24% had a partial response, 31%
were stable, and 41% had progres-
sive disease, with median PFS = 3.8
m and median OS =6.1 m.

High response rate (55%), PFS (5.5
m), and OS (16 m) in patients with
MGMT methylation

24.4% partial response, 68.3% stable
disease, 2.4% progression

Median OS =17.6 m, PFS = 13.2
P < .05, PFS nonsignificant

Median OS =22.3m, PFS=13.7 m,
4-year OS = 30.4%

0S =23 mversus 17 m

HR = 0.583, 95% CI 0.384-0.884,
P=.01

PFS = 11.5 versus 9 m (NS)

13.3% Partial response, 13.3% stable
disease, 73.4% progression

Safe and well-tolerated

Primary chemotherapy is
feasible

Modest efficacy of
neoadjuvant dose-
denseTMZ, inferior to
standard concomitant
chemoradiotherapy
in the whole group of
patients

Should be investigated
in phase lll trials

Favorable long-term
survival

Favorable long-term
survival

May confer to survival
benefits, especially for
those without GTR or
methylated MGMT

No overall benefit but in
NTR/GTR and m-MGMT,

Authors Study type Design Studied
and sample outcome
size, histology

Gilbert et al., Single arm, Max. 4 cycles of TMZ RR, OS,

200230 36, HGG 200 mg/m?/day for 5 PFS,

days before RT and evalu-
ated by
MRI
Barada et al., Single arm, TMZ (200 mg/m?/day) RR evalu-
20058 126, HGG on days 1-5 for 2 cycles ated by
MRI
Chinotetal., Single arm, TMZ (150 mg/m?%/day) RR, OS,
200732 29, GBM on days 1-7 and 15-21  and PFS,
every 28 days (7 days evaluated
on/7 days off) before RT by MRI
Lou et al., Single arm, TMZ (200 mg/m?/ RR evalu-
20133 41, GBM day) on days 1-56for4  ated by
cycles, BEV (10 mg/kg)  MRI, tox-
ondays 1 and 15 icity

Ying Mao et  Phasellclin-  TMZ 75 mg/m?%day OS, PFS,

al., 201534 ical trial, 99,  for 2 weeks before RT  toxicity
GBM versus Stupp Protocol

Shenouda Phase Il clin-  TMZ 75 mg/m?/day for ~ OS, PFS,

etal., ical trial, 50, 2 weeks before RT toxicity

20176 GBM

Jiang etal.,  Retrospective, Super-early initiation of OS, PFS

2019% 375 TMZ within 7 days after
(163 NEO, 212 craniotomy before RT
ADJ), GBM versus Stupp Protocol

Current Phase IlRCT, TMZ (200 mg/m?/day) PFS, RR

study 35, GBM on days 1-5 for 3 cycles evaluated

NEOTEM before RT versus Stupp by MRI

Protocol

a benefit was observed

Abbreviations: BEV, bevacizumab; CR, complete response; GTR, gross tumor resection; GBM, glioblastoma multiforme; HGG, high-grade glioma;
MGMT, 0%-Methylguanine-DNA Methyltransferase; NTR, near-total resection; 0S, overall survival; PFS, progression-free survival; PR, partial re-
sponse; RR, response rate; TRAE, Treatment-Related Adverse Event; TMZ, temozolomide.

insights into treatment personalization for GBM patients.
Finally, the evaluation of safety by assessing the rate of ad-
verse events associated with the administration of nTMZ
helps to determine its tolerability.

On the other hand, one of the main limitations of this
study is its small sample size. With 35 patients enrolled,
the study might be underpowered to detect statistically
significant differences in PFS, particularly in the subgroup
analysis. A larger sample size would have strengthened
the generalizability of the findings. Another noticeable
limitation was the high rate of progression during nTMZ.
The proportion of patients experiencing disease progres-
sion during nTMZ raises questions about its effectiveness
and the optimal duration of this therapy. A possible solu-
tion would be stratification at the time of recruitment, if
done according to the potential confounding factors, and
should be considered in subsequent studies. Another sug-
gestion is to exclude patients with unresectable tumors
(biopsied-only), as progression without a prompt CRT start

is highly likely. It should also be noted that while the study
explored the status of MGMT methylation, the investiga-
tion of additional molecular markers could provide a more
comprehensive picture of potential responders to nTMZ.
Moreover, the study follow-up period was relatively short,
with a median of 13 months, which might be limiting for
capturing long-term effects on OS. A more extended
follow-up period would provide more robust data on OS.

Conclusion

In this phase Il randomized controlled trial, while nTMZ was
well-tolerated with no increase in adverse events, it did not
demonstrate a significant improvement in PFS compared
to the standard treatment approach in the interim anal-
ysis. The median PFS was shorter in the intervention group
(3 months) compared to the control group (9 months),
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although no significant difference was observed between
the groups. A high proportion of patients (73.4%) receiving
nTMZ experienced disease progression during this phase.

The potential benefit for patients with m-MGMT and NTR,
or GTR who received neoadjuvantTMZ was observed, as they
exhibited a longer median PFS than those with um-MGMT
and those who underwent biopsy or STR. Thus, these find-
ings suggest a possible role for these factors in guiding
treatment decisions. However, due to the small sample size,
drawing definitive conclusions, especially regarding the im-
pact of the extent of resection on outcomes and subgroup
analysis, is challenging. Therefore, future studies with larger
sample sizes and stratification of patients according to con-
founding factors, such as the extent of surgical resection
and more extended follow-up periods, are necessary to de-
finitively determine the role of NnTMZ in GBM treatment for
selected patients, particularly those with specific molecular
profiles. This approach may be beneficial only for specific
subgroups of GBM patients, which need to be identified fur-
ther to develop personalized treatment strategies.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).
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Lay Summary

Glioblastoma is an aggressive brain cancer with limited treat-
ment options. Standard treatment involves surgery, followed by
radiation and chemotherapy with a drug called temozolomide
(TMZ). The authors of this study wanted to determine whether
giving even more TMZ chemotherapy before radiation would
help patients live longer. To do this they conducted a clinical trial
where 35 patients were randomly assigned to receive additional
early chemotherapy or standard treatment. Their results showed
that giving additional early chemotherapy did not change how
long patients lived. Side effects were similar between groups.
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