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ARTICLE INFO ABSTRACT

Keywords: The efficacy of radiotherapy with adjuvant temozolomide for glioblastoma remains controversial. We conduct a
Temozolomide systematic review and meta-analysis to explore the influence of radiotherapy with adjuvant temozolomide on
Radiotherapy treatment efficacy for glioblastoma.We search PubMed, EMbase, Web of science, EBSCO, and Cochrane library
Glioblastoma

databases through November 24, 2019 for randomized controlled trials (RCTs) assessing the efficacy and safety
of adjuvant temozolomide to radiotherapy for glioblastoma. This meta-analysis is performed using the random-
effect model.Five RCTs are included in the meta-analysis. Overall, compared with radiotherapy for glioblastoma,
adjuvant temozolomide is associated with substantially improved overall survival (HR = 0.63; 95%
CI = 0.52-76; P < 0.00001) and 2-year survival rate (3.25 = 1.76; 95% CI = 2.13-4.94; P < 0.00001), with
no increase in adverse events (RR = 0.76; 95% CI = 0.40-1.45; P = 0.41). However, adjuvant temozolomide
appears to increase the incidence of haematological complications than only radiotherapy (RR = 3.58; 95%
CI = 1.10-11.59; P = 0.03).Adjuvant temozolomide to radiotherapy may provide better efficacy for the treat-

Randomized controlled trials

ment of glioblastoma.

1. Introduction

Glioblastoma is known as the most common malignant primary
brain tumor in adults [1-3]. Median time of survival after diagnosis is
estimated not to exceed 12 months, and most patients would die within
24 months [4,5]. The current standard treatment of glioblastoma is
maximally radical surgical excision of the tumor followed by post-
operative radiotherapy [6]. Various chemotherapy combined with
surgery and radiotherapy are used for the treatment of glioblastoma
[6-9].

Despite the development of surgical techniques, radiotherapy and
various chemotherapies, high-grade glioblastoma still has poor prog-
nosis and improvement of survival is modest [10,11]. Temozolomide is
an oral alkylating agent, a derivative of imidazotetrazine with a broad
spectrum of antineoplastic activity [12,13]. In patients with glio-
blastoma recurrence and treatment failure by other therapies, temo-
zolomide has shown some efficacy [14]. The concomitant use of te-
mozolomide and radiotherapy may decrease active clonogenic cells
more efficiently than only radiotherapy. Synergic action of radio-
therapy and temozolomide was observed during human glioma cell
cultures. Adjunctive temozolomide to radiotherapy may delay the re-
currence and prolong the progression-free period [6].

Current evidence is insufficient for routine clinical use of adjuvant

temozolomide to radiotherapy for glioblastoma. Recently, several stu-
dies have investigated the efficacy and safety of adjuvant temozolomide
to therapy for these patients, but the results are conflicting [6,15,16].
This systematic review and meta-analysis of RCTs aims to assess the
efficacy and safety of adjuvant temozolomide to radiotherapy for
glioblastoma.

2. Materials and methods

This systematic review and meta-analysis are performed based on
the guidance of the Preferred Reporting Items for Systematic Reviews
and Meta-analysis statement and Cochrane Handbook for Systematic
Reviews of Interventions [17,18]. No ethical approval and patient
consent are required because all analyses are based on previous pub-
lished studies.

2.1. Literature search and selection criteria

We systematically search several databases including PubMed,
EMbase, Web of science, EBSCO, and the Cochrane library from in-
ception to November 24, 2019 with the following keywords: temozo-
lomide, and radiotherapy, and glioblastoma. The reference lists of re-
trieved studies and relevant reviews are also hand-searched and the
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Fig. 1. Flow diagram of study searching and selection process.

process above is performed repeatedly in order to include additional
eligible studies.

The inclusion criteria are presented as follows: (1) study design is
RCT, (2) patients are newly diagnosed as glioblastoma, and (3) inter-
vention treatments are adjuvant temozolomide to radiotherapy versus
only radiotherapy.

2.2. Data extraction and outcome measures

Some baseline information is extracted from the original studies,
and they include first author, number of patients, age, World Health
Organization (WHO) grade, complete resection and detail methods in
two groups. Data are extracted independently by two investigators, and
discrepancies are resolved by consensus. We have contacted the cor-
responding author to obtain the data when necessary.

The primary outcome is overall survival. Secondary outcomes in-
clude 2-year survival rate, adverse events and haematological compli-
cations.

2.3. Quality assessment in individual studies

The methodological quality of each RCT is assessed by the Jadad
Scale which consists of three evaluation elements: randomization (0-2
points), blinding (0-2 points), dropouts and withdrawals (0-1 points)
[19]. One point would be allocated to each element if they have been
conducted and mentioned appropriately in the original article. The

score of Jadad Scale varies from O to 5 points. An article with Jadad
score < 2 is considered to be of low quality. The study is thought to be of
high quality if Jadad score =3 [20].

2.4. Statistical analysis

We assess risk ratios (RR) or hazard ratio (HR) with 95% confidence
interval (CI) for dichotomous outcomes (overall survival, 2-year sur-
vival rate, adverse events and haematological complications).
Heterogeneity is evaluated using the I” statistic, and I> > 50% indicates
significant heterogeneity [21]. The random-effects model is used for all
meta-analysis. We search for potential sources of heterogeneity for
significant heterogeneity. Sensitivity analysis is performed to detect the
influence of a single study on the overall estimate via omitting one
study in turn or performing the subgroup analysis. Owing to the limited
number (< 10) of included studies, publication bias is not assessed.
Results are considered as statistically significant for P < 0.05. All
statistical analyses are performed using Review Manager Version 5.3
(The Cochrane Collaboration, Software Update, Oxford, UK).

3. Results
3.1. Literature search, study characteristics and quality assessment

Fig. 1 shows the detail flowchart of the search and selection results.
238 potentially relevant articles are identified initially. Finally, three
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Hazard Ratio

__Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Athanassiou 2005 -1.4697 0.6069 2.5% 0.23 [0.07, 0.76]
Perry 2016 -0.4005 0.0915 50.7% 0.67 [0.56, 0.80] Ld
Stupp 2004 -0.478 0.0996 46.8% 0.62 [0.51, 0.75] L
Total (95% CI) 100.0% 0.63 [0.52, 0.76] *
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Fig. 2. Forest plot for the meta-analysis of overall survival.
Temozolomide group  Control group Risk Ratio Risk Ratio
r r Even Total Even: Total Weight IV, Ran % Cl IV, Random % Cl
Stupp 2004 75 287 23 286 92.3% 3.25[2.10, 5.03]
Szczepanek 2013 6 28 2 30 7.7% 3.21[0.71, 14.63] 1
Total (95% ClI) 315 316 100.0% 3.25[2.13, 4.94] L g
Total events 81 25
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Fig. 3. Forest plot for the meta-analysis of 2-year survival rate.
Temozolomide group  Control group Risk Ratio Risk Ratio
r r Even Total Even Total Weight IV, Ran 5% Cl IV, Random, 95% CI
Athanassiou 2005 3 53 14 57 18.5% 0.23 [0.07, 0.76] -
Cohen 2005 266 287 258 285 51.0% 1.02[0.97, 1.08]
Perry 2016 9 28 10 30 30.5% 0.96 [0.46, 2.02]
Total (95% CI) 368 372 100.0% 0.76 [0.40, 1.45]
Total events 278 282
s Tau? = 0.21- Chi2 = = = 2= 679 ' } } } !
?et«.terfogeneltyl.| T?fu N 2310, g“ o —Sfi%df 2 (P=0.05); I?=67% 0.01 01 1 10 100
est for overall effect: Z = 0.83 (P = 0.41) Favours [experimental] Favours [control]
Fig. 4. Forest plot for the meta-analysis of adverse events.
Temozolomide group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV. Random, 95% CI IV. Random, 95% CI
Cohen 2005 11 287 3 285 86.2% 3.64 [1.03, 12.91]
Szczepanek 2013 1 28 0 30 13.8% 3.21[0.14, 75.61] 2
Total (95% Cl) 315 315 100.0% 3.58 [1.10, 11.59] i
Total events 12 3
v Tau? = 0.00: Chiz = = = 2= 09 ' t t i
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Fig. 5. Forest plot for the meta-analysis of haematological complications.

RCTs and two abstracts included in
[6,15,16,22,23].

The baseline characteristics of five included RCTs are shown in
Table 1. These studies are published between 2004 and 2016, and the
total sample size is 1303. Among the included RCTs, two studies report
different outcomes of the same patient sample [16,23]. Temozolomide
at different doses serves as the adjunctive therapy to radiotherapy.

Three studies report overall survival [15,22,23], two studies report
2-year survival rate [6,23], three studies report adverse events
[15,16,22] and two studies report haematological complications [6,16].
Jadad scores of the five included studies vary from 3 to 5, and all five

studies have high-quality based on the quality assessment.

are the meta-analysis

3.2. Primary outcome: overall survival

The random-effect model is used for the analysis of primary out-
come. The results find that compared to control group for glioblastoma,
adjuvant temozolomide is associated with substantially increased
overall survival (HR = 0.63; 95% CI = 0.52-76; P < 0.00001), with
low heterogeneity among the studies (I = 37%, heterogeneity
P = 0.20, Fig. 2).

3.3. Sensitivity analysis

There is low heterogeneity for overall survival, and thus we do not
perform sensitivity analysis by omitting one study in each turn to detect
the source of heterogeneity.

3.4. Secondary outcomes

In comparison with radiotherapy for glioblastoma, adjuvant temo-
zolomide can significantly improve 2-year survival rate (3.25 = 1.76;
95% CI = 2.13-4.94; P < 0.00001; Fig. 3), but demonstrates no sub-
stantial impact on adverse events (RR = 0.76; 95% CI = 0.40-1.45;
P = 0.41; Fig. 4). Adjuvant temozolomide appears to result in the in-
crease in haematological complications than only radiotherapy
(RR = 3.58; 95% CI = 1.10-11.59; P = 0.03; Fig. 5).

4. Discussion

Many researches have been conducted to combine new che-
motherapy with radiotherapy for neoplasms, and the results reveal the
improvement of efficacy [4,24-26]. Patients with additional che-
motherapy have prolonged time of survival [27,28]. Temozolomide has
been introduced to clinical treatment for glia-derived brain neoplasms
[25,29]. It can substantially inhibit the activity of O®-methylguanine-
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DNA methyltransferase (MGMT) which plays important role in DNA
repair [30]. These provide the theoretical support for the reported as-
sociation between low activity of MGMT in tumor cells and the longer
survival of patients with glioblastoma multiforme treated with addi-
tional regimens of chemotherapy with nitrosourea derivatives [31,32].

Our meta-analysis suggests that adjuvant temozolomide to radio-
therapy can substantially improve overall survival and 2-year survival
rate for glioblastoma patients as compared to only radiotherapy. In
addition, in one RCT involving 562 glioblastoma patients, adjuvant
temozolomide therapy (3 weeks of concomitant temozolomide plus
monthly adjuvant temozolomide until progression or 12 cycles) can
significantly improve progression-free survival (median 5.3 m versus
3.9m, HR 0.50, 95% CI = 0.41-0.60, p < 0.0001) than radiotherapy
[15]. One recent meta-analysis aimed to explore the molecularly tar-
geted drugs as the adjunctive therapy to radiotherapy plus temozolo-
mide for newly diagnosed glioblastoma, and the results revealed that
the addition of molecularly targeted drugs could increase the progres-
sion-free survival and adverse events [33].

Methylation of the MGMT promoter can preclude transcription (i.e.
production of MGMT), and induce the repair in TMZ-alkylated DNA [4].
This may improve the efficacy of temozolomide and increase the sur-
vival of patients with gliomas. In contrast, patients who lack methyla-
tion of the MGMT promoter maybe have poor prognosis [4]. In MGMT
methylated patients, overall survival for temozolomide plus radio-
therapy versus radiotherapy was 13.5m and 7.7 m respectively (HR:
0.53 (95% CI = 0.38-0.73, p = 0.0001). In MGMT unmethylated pa-
tients, overall survival for temozolomide plus radiotherapy versus
radiotherapy was 10.0m vs 7.9m respectively (HR 0.75 (95%
CI = 0.56-1.01, p = 0.055). These indicated that patients with MGMT
methylated tumors benefited the most from the addition of temozolo-
mide plus radiotherapy and median overall survival was nearly doubled
[15]. In both subgroups of patients with IDH mutant type (IDHmt) and
IDH wild type (IDHwt) of lower grade gliomas, progression-free sur-
vival was reported to be similar between patients treated with radio-
therapy and temozolomide [34]. In addition, patients with IDHmt tu-
mors demonstrated better prognosis than those with IDHwt tumors
[34,35].

There are similar adverse events between adjunctive temozolomide
and radiotherapy in this meta-analysis, but the haematological com-
plications appear to be higher than only radiotherapy for glioblastoma
patients. These haematological complications are generally tolerated
[6,16]. Several limitations exist here. Firstly, our analysis is based on
only five RCTs, and more RCTs with large sample size should be con-
ducted to explore this issue. Next, different doses of drugs and treat-
ment methods may have some influence on the pooling results. Finally,
among the five included RCTs, only one RCT is published after 2016,
and involves patients with histologically confirmed newly diagnosed
glioblastoma, Eastern Cooperative Oncology Group (ECOG) 0-2 [15].
No information about WHO classification of brain tumors is reported.
Treatment recommendations before 2016 for glioblastoma are different
from those after 2016 based on the WHO classification of brain tumors
[9,36], which may produce some bias to influence the pooling analysis.

5. Conclusion

Adjuvant temozolomide may have additional efficacy for glio-
blastoma patients.
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