| observational study

Medicine

A comparison between oral chemotherapy
combined with radiotherapy and radiotherapy
for newly diagnosed glioblastoma

A systematic review and meta-analysis
Zhuo Wang?, Guozi Yang?, Yu-Yu Zhang?, Yan Yao®, Li-Hua Dong®"

Abstract

N

The prognosis of glioblastoma (GBM), a major subtype of grade IV glioma, is rather poor nowadays. The efficiency of chemotherapy |
serving as the adjunct to radiotherapy (RT) for treating GBM is still controversial. In this study, we aim to investigate the overall survival
(OS) and progression-free survival (PFS) in patients with newly diagnosed GBM received RT plus chemotherapy or with RT alone.

Literatures were searched from the PubMed, Embase, and Cochrane Library between January 2001 and June 2015. Study
selection was conducted based on the following criteria: randomized clinical trial (RCT) of adjuvant RT plus chemotherapy versus RT
alone; studies comparing OS and/or PFS; and studies including cases medically confirmed of newly diagnosed GBM.

Five RCTs (1655 patients) were eligible in this study. The meta-analysis showed a significant improvement in OS of patients treated
with RT plus oral chemotherapy compared with that of RT alone (hazard ratio 0.70; 95% confidence interval, 0.56-0.88, P=.002).

Adjuvant chemotherapy confers a survival benefit in patients newly diagnosed with GBM.

Abbreviations: AEs = adverse events, Cl = confidence interval, DFMO = difluromethylornithine, EORTC = European Organization
for Research on Treatment Cancer, GBM = glioblastoma, HAEs = hematological adverse events, HGG = high-grade glioma, HR =
hazard ratio, KPS = Karnofsky performance status, MGMT = O-6-methylguanine-DNA methyltransferase, MMPs = matrix
metalloproteases, MT = marimastat, OS = overall survival, PCV = procarbazine, lomustine, and vincristine, PFS = progression-free

survival, RCT = randomized clinical trial, RT = radiotherapy, TMZ = temozolomide.
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1. Introduction

Malignant gliomas, including the most common subtype glioblas-
toma multiforme (GBM), are notorious primary brain tumors in
adults."! Nowadays, the prognosis of GBM, the major subtype of
grade IV glioma accounting for approximately 60% of primary
brain tumors worldwide,*! remains dismal despite the advances in
treatment. The median survival is generally <1 year after
diagnosis, and the 2-year survival rate is only 5% to 10%.5=
Currently, the treatment of newly diagnosed GBM is highly
depending on surgical resection, radiotherapy (RT), and chemo-
therapy.[*! Nowadays, the efficiency of chemotherapy, given as the
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adjunct to RT or before RT,[®! is still controversial.l”~3! Several
systematic reviews'®*1® have been carried out to provide reliable
evidences for the aggressive chemotherapy combined with RT in
newly diagnosed GBM. In a literature!'® based on 12 randomized
controlled trials (RCTs), chemotherapy induced a small survival
benefit in the 2-year survival compared with that of RT alone. In
addition, Zhang et al™* indicated that adjuvant chemotherapy
played a beneficial role in the treatment of anaplastic glioma.
Nevertheless, chemotherapy using procarbazine, lomustine, and
vincristine (PCV) regime plus RT did not prolong the survival of
patients with anaplastic oligodendroglioma and anaplastic
oligoastrocytoma compared with the RT alone.['”!8! These lead
us to compare the efficiency of adjuvant chemotherapy plus RT
versus RT in the treatment of GBM.

To date, most of the studies focus on the combination of
nitrosoureas-based traditional chemotherapy and RT, or temo-
zolomide (TMZ) chemotherapy combined with RT. For example,
TMZ, a novel oral alkylating agent commonly used worldwide,
has been reported to show antitumor activity for the treatment of
newly diagnosed malignant gliomas.'"*"22! Stupp et al!® reported
the combination of RT and TMZ increased the median survival
(14.6 vs 12.1 months, P <.001) of GBM patients with acceptable
toxicity compared with RT alone. Besides, in the European
Organization for Research on Treatment Cancer (EORTC)
26,981 trial, RT with concurrent and adjuvant TMZ was set as
the standard treatment for adult patients with GBM. Moreover,
Yin et al'** demonstrated a 41% reduction in the risk of death in
GBM patients received combined RT/TMZ (hazard ratio [HR]
0.59; 95% confidence interval [CI], 0.48-0.72, P<.001) with
acceptable side effects. Some studies*>**! confirmed that other


mailto:drlhdong@163.com
http://creativecommons.org/licenses/by-nd/4.0
http://creativecommons.org/licenses/by-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000008444

Wang et al. Medicine (2017) 96:44

oral chemotherapy such as difluromethylornithine (DFMO) and
marimastat (MT) were also reported as adjuvant chemotherapy
for the treatment of GBM multiforme.

Nowadays, rare studies have been carried out to evaluate the
overall survival (OS) of patients with newly diagnosed GBM after
receiving oral chemotherapy drugs. In this study, we focus on the
outcome of oral chemotherapy using different chemotherapy drugs
plus RT versus RT alone for newly diagnosed GBM. We aim to
answer whether oral chemotherapy plus RT contributed to the
improvement in the OS and progression-free survival (PFS) in the
patients with newly diagnosed GBM compared with RT alone.

2. Materials and methods
2.1. Eligibility criteria

Literature search was performed by 2 authors (Wang Z and Song Y)
independently from the PubMed, Cochrane Library,and EMBASE
bibliographic databases from January 2001 to July 2015. Only
trials properly randomized were included in the meta-analysis.
Terms used in the literature search were as follows: “glioma” or
“glioblastoma” or “malignant glioma” or “glioblastoma multi-
forme” and “radiotherapy” or “radiation therapy” or “chemo-
therapy” or “temozolamide” or “temozolomide” and “Temodar”.
The reference lists of relevant studies were also checked for
additional trials. Studies included in the meta-analysis should meet
all the following criteria: patients should be newly diagnosed and
histologically confirmed GBM or gliosarcoma; RCTs comparing
simultaneous adjuvant chemotherapy plus radiotherapy versus
radiotherapy alone; reported the HR and the corresponding 95%
CI for OS and PFS. The language of publications was limited to
Chinese and English. This study was approved by the ethics
committee of Norman Bethune First Hospital.

2.2. Data extraction

The following data were extracted from each included study: first
author, year of publication, country of research, age range of
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patients, number of patients (with/without chemotherapy), study
design, median survival, HR of OS, and adverse events (AEs). We
tried to contact the authors for the missing data required for our
meta-analysis. In cases of any disagreement, a deep discussion
was held among all investigators.

Time-to-event data (e.g., OS and PFS) were analyzed using HR.
In cases of HR values not reported, the value was estimated by the
method described by Tierney et al.!?’!

2.3. Quality assessment

The bias risk was evaluated using the domain-based Cochrane
Collaboration’s tool as previously described.”®! Risk of selection
bias, performance bias, detection bias, attrition bias, and
reporting bias were classified as “low”, “high”, or “unclear”
(Fig. 1).

2.4. Statistical analysis

The heterogeneity between studies was assessed by the x*-based
O test and I'*-statistics. The heterogeneity was assessed by the x*
test based O-statistics, and the degree of heterogeneity was
estimated with the [*-statistic. In the presence of P < .10 or the I*-
statistic >50%, the random effects model (DerSimonian-Laird
method) was used. Otherwise, a fixed-effects model (Mantel-
Haenszel method) was accepted. Sensitivity analysis was
performed by recalculating the pooled statistics after omitting
each study. Statistical analyses were performed using the
software Review Manager 5.3 (Cochrane Collaboration, Ox-
ford, England).

3. Results

3.1. Study characteristics

The flow chart of the study selection procedure is shown in Fig. 2.
Initially, 7 RCTs including 1655 patients were included. The
characteristics of these studies are summarized in Table 1. The
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Figure 1. Risk of bias graph (A) and risk of bias summary (B).
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Figure 2. Flow diagram of literature retrieval and screening.

Statistical information and characteristics of included studies.

PS
Median Median Age Time from
Period of No. of PFS  survival range Good®, 0S, HR PFS, HR randomization
Study diagnosis  Therapy patients Male (mo) (mo) () (n) n Poor®, (95% CI) (95% CI) Follow-up to radiotherapy
Stupp (2005) 20002002  RT+TMZ 287 185 6.9 14.6 >50 (192) 249 38 0.63 (0.53-0.75) 0.56 (0.47-0.66) 61 mo <1 wk
RT 286 175 5.0 121 >50 (198) 251 35
Kocher (2008)  2002-2004  RT+TMZ 29 15 6.3 146 59 (34-67) 29 0 0.98 (0.48-2.01) 0.89 (0.52-1.52) NA 28 (19-49)
RT 33 26 7.6 1741 58 37-69 31 2 28 (17-52)
Athanassiou 20002002  RT+TMZ 57 36 10.8° 13.41 >50 (42) 17 36 0.44 (0.28-0.69)  0.50 (0.32-0.78)% 0.1 11.2 (3.4-27.0)
(2005)
RT 53 34 5.2 7.7 >50 (48) 27 30
Szczepanek 2003-2005  RT+TMZ 28 18 7.5 16 55 (18-65) 26 2 — — 33 mo 43 (32-62)
(2013)
RT 30 16 5 125 56 (20-68) 26 2 48 (38-65)
Levin (2006) 1996-1999  RT+MT 83 51 43 I 57 (1-77) 67 16 0.86 (0.625-1.205) 0.83 (0.585-1.163) <18 mo NA
RT+MT 79 57 4.2 9.5 58 (25-79) 63 16
Michael (2001) NA RT+DFMO 59 40 48 1 57 (28-82)  NR 0.83 (0.58-1.19)  0.91 (0.64-1.2939) 2y NA
RT 58 35 4 9.2 57 26-78) MR
HPF+DFMO 57 35 55 105 58 (29-77) NR
HPF 57 26 48 9.8 57 (34-78)  NR

Cl=confidential interval, NR=not reported, OS=overall survival, PFS = progression-free survival, PS=performance status, RT=radiotherapy, TMZ=temozolomide, TTP =time to progression.
2Time to progression but not progression-free survival.

® Good: WHO=0~1 or KPS > 80; poor: WHO=2 or KPS < 80.
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Adjuvant therapy.

RT details

CT details Eligible histology

Athanassiou (2005) Tumor and margin

60 Gy/30 f (3-D technique)

Concomitant: TMZ dosage was 75 mg/m?/d, 7 d/wk until the last day of GBM
radiotherapy.

Adjuvant: 150 mg/m? of TMZ on days 1-5 and 15-19 every 28 d

Kocher (2008) Tumor and margin Concomitant; TMZ dosage was 75 mg/m?/d, /wk GBM
60 Gy/30 f Adjuvant was not given.
Szczepanek (2013) Tumor and margin Concomitant: TMZ dosage was 75 mg/m?/d orally from the first day of GBM

60 Gy/30 f (X-ray >4 MV)

radiotherapy until the last day of radiotherapy.

Adjuvant; The dose was 150 mg/m?/d orally for the first cycle; 200 mg/
m?/d orally beginning with the second cycle for 5 cycles.

Stupp (2005) Tumor and margin

60 Gy/30 /2 Gy

Concomitant: TMZ dosage was 75 mg/m?/d orally from the first day of GBM
radiotherapy until the last day of radiotherapy

Adjuvant: the standard 5-d schedule every 28 d. The dose was 150 mg/
m?/d orally for the first cycle: 200 mg/m?/d orally beginning with the
second cycle for 6 cycles.

Levin (2006) 60 Gy/30-33 f Marimastat (MT) dosage was 10mg orally twice daily, until tumor GBM/GS
progression.
Michael (2001) Tumor and margin (X-ray: 4—20MV) Difluromethylornithine (DFMO) dosage was 1.8 gm/m?/8 h orally GBM

Accelerated hyperfractionated
irradiation: 70.4 Gy/44 /1.6 Gy

Standard fractionated irradiation:
59.4 Gy/33 /1.8 Gy

throughout the whole period of radiation.Modification of the dose of
DFMO was made according to the toxity grade.

Cl=confidential interval, OS=overall survival, PFS = progression free survival, RT =radiotherapy, TMZ =temozolomide.

studies were published from 2001 to 2013, and the sample sizes
ranged from 58 to 573. Two studies!®*”! published in 2005 and
2009 used the same data from the same study design, and only
one study was included. One study?®! was excluded as the HR for
neither OS nor PFS cannot be extracted. Eventually, 5 studies
were included in this meta-analysis.

Among the included studies, 2 TMZ schedules were used: a
concomitant schedule (75 mg/m* orally from the first day of
radiotherapy until the last day of radiotherapy) was used in 3
studies,*?*" and an adjuvant schedule (150 mg/m?/d orally for
the first cycle; 200mg/m*/d orally beginning with the second
cycle) was used in 2 studies.!®*”! In the primary treatment, a
standard radiation schedule (60 Gy) was utilized. An accelerated
hyperfractionated irradiation course of 70.4 Gy was used in the
4-arm trial.”%! In this study, we performed a single comparison
between TMZ and standard radiotherapy (Table 2).

3.2. Overall survival

As shown in Fig. 3A, chemotherapy and radiotherapy were
associated with a significant improvement in OS (HR 0.70; 95%
CL 0.56-0.88, P <.001) compared with that of RT. Besides, the
risk of death was reduced by 30% in those received combination
of chemotherapy and radiotherapy (Fig. 3A).

3.3. Additional analysis of survival rate

AllRCTs reported the 6-month survival rate with no heterogeneity
(P=.28, ’=21%). Thus, the fixed-effect model was used, and
significant differences were observed between the combination of
chemotherapy and radiotherapy and the radiotherapy group (RR
1.07; 95% CI, 1.01-1.13, P=.02, I’=21%). Heterogeneity was
observed in the 12-month surival rate of all RCTs (P=.02, =
61%). On this basis, the random-effects model was used, which
showed significant differences between the combined therapy and
the radiotherapy alone (RR 1.23;95% CI,0.97-1.54, P=.08, =
61%). All RCTs reported the 18-month survival rate, and no

heterogeneity was identified (P=.38, I?=6%). Therefore, the
fixed-effects model was used, which revealed statistical difference
between the combined group and the radiotherapy group (RR
1.87; 95% CI, 1.51-2.33, P<.001, ’=6%).

3.4. Progression-free survival

The meta-analysis indicated a pooled HR 0f 0.75 (95% CI, 0.56—
1.01; P=.035; Fig. 3B). This indicated that RT plus chemotherapy
benefited to the PFS of patients compared with those received RT
alone. However, such fact should be interpreted carefully as the
data were limited.

According to the therapy model, we divided the 5 RCTs into 2
subgroups, which focused on the patients with TMZ and those
with other oral drugs, respectively. Subgroup analysis by the
regimen of TMZ identified a significant association between
TMZ combined with RT and RT alone (HR 0.61; 95% CI, 0.44—
0.84, P <.002), whereas the association of the other subgroups
was not significant (Fig. 3C).

3.5. Adverse events

Safety data were reported in 5 studies,®*>?335321 and the

hematological adverse events (HAEs) were the major safety concerns
(Table 3). An increased risk of grade 3 to 4 HAEs was identified in
the combined groups, and most of these toxicities could be managed
by delaying the chemotherapy schedule or through reducing the drug
dose. Some patients showed nonhematological toxicities after
receiving combined therapy, including gastrointestinal toxicity (e.g.,
nausea and vomiting), neurologic toxicity (e.g., cognitive or mood
change or seizures), liver enzyme elevation, cutaneous adverse
events, thromboembolic events, and fatigue.

4. Discussion

High-grade glioma (HGG), the most common malignant primary
brain tumor, accounts for 80% of all gliomas in the United
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Hazard ratio Hazard ratio
Study or subgroup Log[Hazard ratio] SE Weight |V, Random, 95% CI 1V, Random, 95% CI
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Figure 3. Meta-analyses result of survival rate (A), progression-free survival (B), subgroup analysis of OS (C).

States.®!! To date, the efficiency of oral chemotherapy drugs,
given as the adjunct to radiotherapy or before radiotherapy, is
still controversial. Our meta-analysis indicates a clear survival
advantage for combined RT/oral chemotherapy compared with
RT alone among newly diagnosed GBM patients.

In this meta-analysis, primary analysis indicated a clear
improvement in OS and PFS for patients received combined
therapy. When taking the study of Athanassiou et al**! into
consideration, the combined therapy induced obvious survival
benefits (HR 0.70; 95% CI, 0.56-0.88; P=.0002) with a high
heterogeneity (I*=53%), whereas, if the study was omitted, the
survival benefits were comparatively weaker (HR 0.75; 95%
CI=0.61-0.92; P=.005), but the heterogeneity was low (I*=
37%). The high heterogeneity was mainly associated with the
elder age and the poor Karnofsky performance status (KPS).
According to the previous study, advanced age and poor KPS are
important adverse prognostic factors for malignant gliomas,?!

whereas TMZ combined with radiotherapy could produce a
significant survival benefit. In addition, Yin et al'"* confirmed
that combined RT/TMZ conferred a clear survival benefit in elder
GBM patients (HR 0.59; 95% CI=0.48-0.72; P<.0001), and
the high heterogeneity might also cause by the treatment design,
the number of patients, and skills of neurosurgeons.

Four studies included in this meta-analysis reported the
outcomes of PFS. When taking the study by Stupp et al ! into
consideration, high heterogeneity (I*=68%) and clear survival
benefit (HR 0.75; 95% CI, 0.56-1.01, P=0.05) were obtained.
The high heterogeneity may be related to the high weight and
statistical differences.

Chemotherapy plays an important role in the treatment of
malignant gliomas. Studies®***! confirmed that cancer cells in
anaplastic glioma patient with the 1p and 19q codeletion were
particularly sensitive to PCV chemotherapy. Nevertheless, the
treatment outcome of the PCV regimen for GBM is not
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Table 3
A toxicity (Grade 3 or greater) comparison between the CT and RT groups.

Pooled RR P

Adverse outcome Study Observed adverse events

[95% CI] P statistic (%)

CT/RT (no. of patients)
Stupp (2005) (287)
Athanassiou (2005) (57)
Kocher (2008) (28)
Szczepanek (2013) (28)
Michael (2001) (59)

Neutropenia Stupp (2005) 21/287
Leukopenia Stupp (2005) 20/287
Kocher (2008) 9/28
Athanassiou (2005) 2/57
Thrombocytopenia Stupp (2005) 33/287
Szczepanek (2013) 3/28
Michael (2001) 0/59
Anemia Stupp (2005) 4/287

RT (no. of patients)
Stupp (2005) (286)
Athanassiou (2005) (53)
Kocher (2008): (33)
Szczepanek (2013): (30)
Michael (2001) (58)

0/286 46.23 (2.79-766.91) .007 —
0/286 14.49 (4.09-51.31) <.0001 0
2/33
0/53
0/286 37.65 (5.12-276.64) .0004 25
0/30
0/58
0/286 9.1 (0.49-169.71) 14 —

satisfactory. Recently, besides TMZ, many novel oral drugs (e.g.,
DFMO and MT) have been used for the treatment of GBM. For
example, DFMO (a polyamine inhibitor) is well tolerated by oral
administration. In a previous study, Prados et al** confirmed the
efficiency of DFMO in patients of recurrent malignant glioma
when combining with BCNU and other polyamine inhibitors.
However, no benefits were seen with DFMO as a radosesi-
tizer.!*3! To explain this, we speculate that it may be related to the
effects of DFMO due to the function of the depletion of
polyamines rather than the direct cytotoxic effects. Besides, some
other reasons may be responsible for it, such as the treatment
design and patient characteristics. MT is an oral low molecular
weight inhibitor of the matrix metalloproteases (MMPs) which is
considered as a potential therapy target for gliomas as it is
upregulated in malignant gliomas and correlated with malignant
progression.*>=71 Up to now, the activity of MT in GBM
patients has been proved by several studies.**! Some randomized
trials with MT therapy, including Levin VA, resulted in negative
results.*®! For instance, MT combined with TMZ contributed to
an increase in the PFS rate at 6 months than TMZ alone.?*#°!
Taken together, these findings partly suggested DFMO and MT
may contribute to the response of chemotherapy or/and
radiotherapy in GBM patients.

Glioma stem cells might be the main reason for the resistance of
malignant glioma to the standard treatment.'*!! Radioresistance
in glioma stem cells is mainly associated with the activation of
DNA-damage response pathways,*?! whereas the chemoresist-
ance may partly from the overexpression of O-6-methylguanine-
DNA methyltransferase (MGMT).1**=*! MGMT, an important
prognostic marker, has been considered as a predictive marker in
response to TMZ in patients with newly diagnosed GBM. In an
EORTC/NCIC phase III trial,*®! the methylated MGMT
promoter region was related to a survival benefit associated
with TMZ among GBM patients. Stupp et al!®! testified that
MGMT promoter methylation was the strongest prognostic
factor for survival (HR 0.49; 95% CI, 0.32-0.76, P=.001).
Furthermore, the methylation was regarded as the strong
prognostic relevance in malignant gliomas, irrespective of
chemotherapy or radiotherapy.™*”! On the contrary, some studies
reported that MGMT promoter methylation status alone was
deficient to provide evidence about the sensitivity of grade III
glioma to alkylating agents*®**! as MGMT protein expression
was also regulated by other independent factors, such as MGMT

mRNA expression.°” In future, further studies are needed to
investigate the correlation between MGMT promoter methyla-
tion and the treatment outcome.

Indeed, there are limitations in this study. First, the number of
eligible studies and patients included is not large. Second, there
are differences in the study design in the included trials. For
example, the schedules of radiotherapy and the timing of
chemotherapy are not totally consistent. Third, some da-
tal?*2%3% are estimated from the survival curves as the HRs
and 95% ClIs are not presented, which may lead to bias. Fourth,
we just focus on the effectiveness of chemotherapy combined with
radiotherapy, and the adverse effects and complications are not
analyzed. This might exaggerate the benefits of chemotherapy
combined with radiotherapy. Finally, our results might be
influenced by the potential publication bias.

In conclusion, oral chemotherapy combined with radiotherapy
contributes to the survival in patients with newly diagnosed GBM.
In future, more studies, especially RCTs, should be designed to
study the efficiency in the treatment of the newly diagnosed GBM.
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