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Abstract

Objective: The aim of the present work was to investigate the response and safety of
whole-brain radiotherapy (WBRT) plus temozolomide (TMZ) for patients with brain
metastases of non-small-cell lung cancer (NSCLC).

Methods: The electronic databases of Pubmed, EMbase, Cochrane, Wangfang, china
national knowledge infrastructure (CNKI), and Google scholar were systematically
searched to identify the prospective randomized trials relevant to WBRT plus TMZ
for patients with brain metastases of NSCLC. The data associated with treatment
response and toxicity were extracted from original included studies. The relative risk
(RR) for treatment response and toxicity between WBRT+TMZ and WBRT alone
was pooled by fixed or random effect model. Publication bias was investigated by
Begg’s funnel plot and Egger’s line regression test.

Results: Twenty-five clinical trials fulfilled the inclusion criteria and were included in
the meta-analysis. The pooled results showed WBRT+TMZ can significant improve
the objective response rate (ORR) compared with WBRT alone (RR = 1.43, 95% con-
fidence interval [CI] 1.32-1.55, p < 0.05) under a fixed effect model. WBRT+TMZ
significantly increased the III-IV hematological toxicity compared to WBRT alone
(RR = 1.66, 95% CI 1.12-2.54, p < 0.05) in the fixed effect model. Grade III-IV gas-
trointestinal toxicity was increased in WBRT+TMZ compared to WBRT alone
(RR = 1.72, 95% CI 1.29-2.30, p < 0.05). Begg’s funnel plot and Egger’s line regression
test indicated publication bias.

Conclusion: Based on the present work, WBRT+TMZ can improve the ORR for brain
metastases of NSCLC, but the risk of treatment-associated grade III/IV hematological
toxicity and gastrointestinal toxicity were also increased compared to WBRT alone.
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have brain metastasis during treatment.” Brain involvement is
an independent adverse prognostic factor with a median natu-

Brain metastases are the most common intracranial malignant
tumors."* Most of their primary lesions come from the lung.®
The brain metastasis rate of patients with non-small-cell lung
cancer (NSCLC) is as high as 44%.* NSCLC is the main cause
of cancer death worldwide, and more than 20% of patients

ral survival time of 1-2 months. The median survival time is
only 4-12 months even with effective treatment.® Therefore,
brain metastasis is the main cause of treatment failure in
patients with lung cancer. After receiving whole-brain radiation
therapy (WBRT) as the standard treatment mode, the overall
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survival of NSCLC patients with brain metastasis can be pro-
longed by 3-6 months.”* However, patients with brain metasta-
sis have heavy tumor load, and radiotherapy alone has limited
survival benefit, therefore the effect of WBRT alone is
unsatisfied, and the recurrence rate in 6 months is as high
as 70%.”

Platinum combined with third-generation cytotoxic che-
motherapy drugs can bring survival benefits to brain metas-
tasis of NSCLC patients.'® However, the existence of the
blood-brain barrier limits the therapeutic effect and the
treatment toxicity risk is significant increased.

Temozolomide (TMZ) is an imidazole tetrazine alkylating
agent with antitumor activity. In vivo, TMZ is rapidly trans-
formed into the active product 3-methyl-[triazine-1-]imidaz-
ole-4-formamide (MTIC). The therapeutic benefit of TMZ
depends on its ability to alkylate/methylate DNA, which most
often occurs at the N-7 or O-6 positions of guanine residues.""
Studies have indicated that TMZ combined with WBRT had a
higher response rate and longer progression-free survival time
compared with WBRT alone in the treatment of patients with
brain metastasis of NSCLC."* In the present work, we com-
pared the objective response rate (ORR) and treatment-associ-
ated toxicity between WBRT+TMZ and WBRT only through
pooling open published data, which may provide more evi-
dence for brain metastases of NSCLC.

MATERIAL AND METHODS
Clinical trials electronic searching

The publication electronic searching was performed by two
authors (J.H. and S.D.). The electronic databases of Pubmed,
EMbase, Cochrane, Wangfang, china national knowledge
infrastructure, and Google scholar were systematically searched
to identify the prospective randomized trials relevant to WBRT
plus TMZ for patients with brain metastases of NSCLC. The
following free-text words were applied to initially identify stud-
ies: carcinoma, non-small-cell lung; carcinoma, non-small-cell
lung cancer; NSCLC; non-small-cell lung carcinoma; brain
metastasis; brain metastases; temozolomide; temodar; TMZ;
temozolamide; whole-brain radiotherapy; WBRT.

Studies inclusion and exclusion criteria
The trial inclusion criteria were as follows:

(i) Prospective clinical studies relevant to WBRT+TMZ
versus WBRT alone for patients with brain metastases
of NSCLC.

(ii) Study published in English or Chinese.

(iii) Data for ORR and treatment toxicity can be extracted
from the original trial.

(iv) Patients were diagnosed with brain metastases of NSCLC.

(v) Response evaluated by CT or MRI of the brain.

(vi) National cancer institute-common terminology criteria
for adverse events applied for toxicity evaluation.

The trial exclusion criteria were limited to:

(i) Retrospective clinical study or case report.

(if) Brain metastases of other malignant tumor other than
NSCLC.

(iii) ORR or treatment toxicity can’t be extracted or calcu-
lated from the original study.

Data extraction

The information and data for each included study were
extracted by two authors (J.H. and M.Q.) and cross-checked.
The following general information was extracted:

(i) First and corresponding authors.

(ii) The date of the trial was published.

(iii) The country where the trial was performed.

(iv) Mean, median or range of the ages of included cases.

(v) Gender of the cases in each included study.

(vi) Karnofsky performance scale (KPS) or eastern coopera-
tive oncology group (ECOG) score.

The following data were extracted for each trial:

(i) ORR for the WBRT+TMZ and WBRT groups in each
study.

(if) Number of grade III-IV hematological toxicities, such
as neutropenia, thrombocytopenias and anemia, in the
WBRT+TMZ and WBRT only groups in each study.

(iii) Number of grade III-IV gastrointestinal toxicities in the
WBRT+TMZ and WBRT only groups in each study.

Study quality assessment

The methodological qualities of each included study were
evaluated by two authors (W.T. and S.D.) for aspects of
allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete out-
come data, selective reporting and other bias factors that
generally represent the quality of the randomized con-
trolled trial.

Publication bias assessment

The Begg’s funnel plot and Egger’s line regression test were
applied for publication bias analysis. If the funnel plot
was left-right symmetrical and Egger’ test p > 0.05, it was
considered to be no publication bias. Otherwise, the meta-
analysis was assumed to have publication bias.

Statistical analysis
Review Manager (RevMan 5.0, Cochrane Collaboration) was

applied for trial quality evaluation. Statal2.0 (Stata Corpora-
tion, http://www.stata.com) was used for data combination.
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Trials identified from electronic
database

Full-text articles

n=49)

Studies included in
qualitative synthesis
(n=25)

(n=487)
—_—
Clinical trials screened
(n=434) |

assessed for eligibility [———>

Records removed for duplicated
publications (n =53)

Records excluded through reviewing
the title and abstract (n = 385)

Records excluded after reading the
full-text (n =24 )

FIGURE 1 The flowchart of clinical trials screening and inclusion

TABLE 1 Main features of the included clinical trials (n = 25)

Statistical heterogeneity between studies was evaluated by
the chi-squared test. If p < 0.05, data were pooled by a
random effect model and otherwise by a fixed effect model.
Publication bias was evaluated by Begg’s funnel plot and
Egger’s line regression test. Two tails p < 0.05 was consid-
ered to be statistical significance.

RESULTS
Studies searching results

Four hundred eighty-seven clinical studies relevant to
WBRT plus TMZ for patients with brain metastases of
NSCLC were initially identified after searching the electronic
databases. Twenty-five clinical trials fulfilled the inclusion
criteria and were included in the meta-analysis. The study
searching and inclusion procedure is shown in Figure 1. The
main characteristics of the 25 studies included are shown in
Table 1.

WBRT+TMZ WBRT
Sample Sample

Trials Year Country size Age (years)  Gender (M/F) KPS size Age (years) Gender (M/F) KPS

Antondou'® 2003 Greece 52 NA NA NA 51 NA NA NA

Chua'* 2010 China 47 59 (38-78)  30/17 NA 48 62 (43-79) 32/16 NA

Hassler'> 2013 Austria 22 69 (36-85)  NA 80 (7-100) 13 64 (54-78) NA 80 (70-100)

Xie'® 2007 China 25 NA NA NA 25 NA NA NA

Zhou'” 2011 China 20 61 14/6 NA 22 55 15/7 NA

Shi'® 2014 China 43 55(38072)  25/18 NA 41 56 (38-73)  24/17 NA

Yang'’ 2015 China 23 NA NA NA 22 NA NA NA

Gu® 2015 China 52 5954+ 57  28/24 68.3 & 5.2 50 582452 23/27 67.0 + 4.5

Sun®! 2016 China 30 590+ 69  17/13 0.97 + 0.76 (ECOG) 30 585+ 7.6 16/14 0.90 + 0.66 (ECOG)

Zhi* 2016 China 44 37-75 NA NA 44 35-37 NA NA

Liu* 2016 China 21 NA NA >70 16 NA NA >70

Mu** 2016 China 29 NA NA NA 29 NA NA NA

Xu®® 2016 China 40 NA NA NA 40 NA NA NA

Zhao®® 2016 China 30 38-69 16/14 NA 30 36-68 17/13 NA

Wang”’ 2017 China 37 NA 18/19 >70 41 NA 22/19 >70

Teng®® 2017 China 26 5564+ 7.8  16/10 ECOG(0-2) 25 56.8 £ 9.8 14/11 ECOG (0-2)

Sperduto® 2013 U.S 40 63 NA NA 44 64 NA NA

Li* 2015 China 18 54.5 (39-70) 10/8 NA 18 53.5 (37-72) 11/7 NA

Jiang®' 2015 China 22 41-81 NA NA 22 41-81 NA NA

Deng'? 2017 China 129 NA 60/69 ECOG (0-3) 109 42/67 NA ECOG (0-3)

Wu*? 2013 China 20 10/10 40-47 NA 20 10/10 40-47 NA

Hasyatti®® 2018 China 25 NA NA NA 25 NA NA NA

Wan’* 2018 China 28 54.6 + 6.3 16/12 >70 28 520463 15/13 >70

Lu* 2019 China 40 53.57 4 12.83 30/10 NA 40 23/17 5427 +11.90 NA

Wang?®® 2020 China 25 NA NA NA 25 NA NA NA

Abbreviations: ECOG, eastern cooperative oncology group; KPS, karnofsky performance scale; NA, not available.
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Quality of the included studies

The methodical qualities of the 25 included studies were
supposed to be moderate risk of bias. Most of the studies
did not report the blinding status. The detailed quality
assessment results are shown in Figure 2.

Statistical heterogeneity evaluation

The chi-squared test showed no significant statistical heterogene-
ity across the 25 included trials for the effect size of the ORR

(I* = 0.00%, p = 0.989), hematological toxicity (I* = 6.80%,
p = 0.379), and gastrointestinal toxicity (I* = 37.2%, p = 0.121),
therefore the data were pooled by fixed effect model.

Objective response

Twenty-five studies reported the treatment response and the
pooled results showed WBRT+TMZ can significantly
improve the ORR compared WBRT alone (relative risk
[RR] = 1.43, 95% confidence interval [CI] 1.32-1.55, p < 0.05)
in a fixed effect model (Figure 3).

Adequate sequence generation?

Allocation concealment?

Blinding?

Incomplete outcome data addressed?

Free of selection reporting?

Free of other bias?

. Yes(low risk bias)

I:] Under

. No(high risk of bias)

FIGURE 2 Risk of bias graph for
quality assessment of the 25 studies
(review authors’” judgments about each
risk of bias item presented as percentages
across all included studies)

Study %

ID RR (95% Cl) Weight

Antondou (2003) —i—‘— 1.75(1.03,2.97) 3.50

Xie (2007) —_— 1.73(1.05,2.83) 2.72

Chua (2010) —t— 1.73(0.99, 3.01) 3.18

Zhou (2011) ——— 1.18 (0.79, 1.77) 3.30

Sperduto (2013) —— 1.36 (0.81,2.30) 3.63

Hassler (2013) g > 1.48 (0.33,6.55) 0.62

Wu (2013) 5 1.36(1.00, 1.84) 3.47

Shi (2014) e 1.41(0.99,2.00) 5.32

Jiang (2015) —T——— 1.78 (1.01,3.12) 2.23

Yang (2015) —_— 1.47 (1.07,2.00) 3.71

Li (2015) ——— 1.60(1.03,2.50) 2.48

Gu (2015) o 1.22 (0.96, 1.55) 8.33

Mu (2016) —_— 1.90 (1.08,3.35) 2.48

Xu (2016) —— 1.32 (1.00, 1.75) 6.19

Zhi (2016) 4 1.21(1.00, 1.47) 8.17

Zhao (2016) b 1.25(0.71,2.20) 297

Liu (2016) e 1.30 (0.84,2.00) 2.81

Sun (2016) s 1.46 (0.89,2.39) 3.22

Wang (2017) —— 1.39 (1.03,1.87) 5.64

Teng (2017) ——— 1.26 (0.89, 1.79) 4.04

Deng (2017) —_—— 1.73(1.11,2.69) 5.90

Wan (2018) ——— 1.36 (0.87, 2.13) 3.47

Hasyatti (2018) 1.50(0.93,2.41) 297

Lu (2019) == 1.38(1.08,1.78) 6.44

Wang (2020) 1.54(1.01,235) 3.22 FIGURE 3 Forrest plot of ORR for

Overall (I-squared = 0.0%, p = 0.989) o 1.43(1.32,1.55) 100.00 whole-brain radiotherapy plus temozolomide
i in treatment of patients with brain metastases
! T of non-small-cell lung cancer. RR,

153

6.55

relative risk
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FIGURE 4 Forrest plot of treatment-
related toxicity for whole-brain radiotherapy
plus temozolomide in treatment of patients
with brain metastases of non-small-cell lung
cancer. RR, relative risk

Study
ID

Hematological toxicity
Chua (2010)

Hassler (2013)

Xie (2007)

Gu (2015)

Zhi (2016)

Sperduto (2013)

Li (2015)

Jiang (2015)

Deng (2017)

%

RR (95% Cl) Weight

1.70(0.83, 3.50) 9.78
5.48 (0.32, 94.25) 0.68

—_—

Subtotal (I-squared = 6.8%, p=0.379) <>

Gastrointestinal reaction

Chua (2021) —ata—
Hassler (2013) g
Shi (2014) —_—
Yang (2015) 4

Sun (2016) !
Sperduto (2013) -
Li (2015) '

Jiang (2015) e —

Deng (2017)

Overall (I-squared =20.6%, p = 0.209)

——
Subtotal (I-squared = 37.2%, p=0.121) Lo,
1
1
o
i
1

A 4

(

(
9.69 (0.52, 179.70)0.46
2.89 (0.12, 69.24) 0.56
4.79 (0.24, 97.00) 0.56
2.36(0.92,6.04) 575
5.00 (0.26, 97.37) 0.55
0.57 (0.19, 1.68) 7.69
1.10(0.50, 2.41) 11.91
1.66(1.12, 2.45) 37.94

3.83(1.96, 7.47) 8.69
1.77(0.72, 4.36) 5.52
1.43 (0.56, 3.66) 6.75
0.50 (0.05, 5.14) 2.20
0.33(0.01,7.87) 1.65
291(1.17,7.21) 575
1.00 (0.16, 6.35) 2.20
0.80(0.25, 2.59) 5.49
1.23 (0.74,2.04) 23.81
1.72 (1.29, 2.30) 62.06
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FIGURE 5 Begg’s funnel plot in evaluation of publication bias: (a) funnel plot for ORR and (b) funnel plot of toxicity. RR, relative risk

Treatment-related toxicity

Nine studies reported grade III-IV treatment-related hema-
tological toxicity. The pooled results show that WBRT
+TMZ significantly increased the grade ITI-IV hematological
toxicity compared to WBRT alone (RR = 1.66, 95% CI 1.12-
2.54, p < 0.05) under the fixed effect model. Nine trials com-
pared the gastrointestinal toxicity between WBRT+TMZ
and WBRT alone and the combined results indicate that
grade III-IV gastrointestinal toxicity is significant increased
in WBRT+TMZ compared to WBRT alone (RR = 1.72, 95%
CI 1.29-2.30, p < 0.05) by the fixed effect model (Figure 4).

Publication bias

The Begg’s funnel plots for ORR and toxicity were left-right
asymmetrical, which indicates significant publication bias
(Figure 5). Egger’s line regression test also showed publica-

tion bias (p < 0.05).

DISCUSSION

After comprehensive systematic electronic searching, 25
clinical trials were included and quantitative analysis was
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performed. The pooled results indicated that the ORR in the
WBRT+TMZ group was 1.43 times higher than that of the
WBRT only group with statistical difference. However,
WBRT+TMZ also significant increased the 66% grade
III/IV hematological toxicity and the 72% grade III-IV gas-
trointestinal toxicity risk compared to WBRT alone. There-
fore, the short-term ORR was improved by adding TMZ in
the treatment of brain metastases from NSCLC, but the
treatment-associated toxicity risk was also increased.

The present meta-analysis combined 25 open published
clinical trials. Most of the work was done in China on the
Chinese population. Only three studies were performed in
United States, Greece, and Australia, therefore patient selec-
tion bias was ineluctable. In addition, the general methodical
quality of the 25 studies was moderate. Most of the studies
did not report the “blinding” status, which was at high risk
of bias.

TMZ is a conventional chemotherapy drug applied in
the treatment of intracranial tumors. As a new imidazole
tetrazine alkylating agent, it has the characteristics of small
molecular weight, wide antitumor spectrum, lipophilicity,
and ability to pass through the blood-brain barrier.”” The
therapeutic benefit of TMZ depends on its ability to alkyl-
ate/methylate DNA, which most often occurs at the N-7 or
0O-6 positions of guanine residues. In some tumors, epige-
netic silencing of the O-6-methylguanine-DNA methyl-
transferase gene prevents the synthesis of this enzyme, and
as a consequence such tumors are more sensitive to killing
by TMZ. After oral administration, TMZ concentration in
brain tissue can reach 30-40% of that in blood, and the bio-
availability is close to 100%.® Moreover, it can concentrate
on tumor sites in vivo, with strong efficacy, certain selectiv-
ity, and fewer side effects. It has therefore has become the
first-line chemotherapy drug for the clinical treatment of
malignant brain tumors such as glioblastoma multiforme
and anaplastic astrocytoma. Due to the satisfied anti-
intracranial tumor effects of TMZ, several studies have
investigated its effects on brain metastases diseases com-
bined with WBRT. Chua'* and his colleges performed a ran-
domized, open-label phase II clinical trial relevant to WBRT
plus concomitant TMZ for the treatment of brain metastases
from NSCLC. The authors recruited 95 brain metastases
cases of NSCLC (47 in WBRT+TMZ, 49 in WBRT only)
and found that the overall survival and central nervous sys-
tem progression survival were not statistically different
between WBRT+TMZ and WBRT only groups. The benefit
of adding TMZ to WBRT was not confirmed. However,
Deng'? included a total of 238 NSCLC patients with brain
metastases who received WBRT+TMZ or WBRT, respec-
tively. The results showed adding TMZ to WBRT could
improve the intracranial ORR and median progression-free
survival compared with WBRT alone. However, side effects
were also increased by adding TMZ, but the difference was
not statistically significant and toxicities were well tolerated.
Chua and Deng got inconclusive results on the ORR and
survival for WBRT+TMZ versus WBRT alone for brain
metastases of NSCLC.

Our meta-analysis combined 25 open published studies
and indicated that the short-term ORR was improved by
adding TMZ in the treatment of brain metastases from
NSCLC, but the treatment-associated toxicity risk was also
increased, which is in accordance with Deng’s conclusion.

In conclusion, based on the present work, WBRT+TMZ
can improve the ORR for brain metastases of NSCLC, but
the risk of treatment-associated grade III/IV hematological
toxicity and gastrointestinal toxicity was also increased com-
pared to WBRT only. However, due to the aforementioned
limitation of patient selection bias, the moderate methodical
quality of included studies, and publication bias, more well-
designed multicenter prospective randomized clinical con-
trolled studies are urgently need to further validate the
findings.

ACKNOWLEDGMENT

This work was supported by Natural Science Foundation of
Inner Mongolia Grant numbers 2015MS0859, 2019BS08007
and Natural Science Foundation of Shenzhen University
General Hospital Grant number SUGH2018QD023.

REFERENCES

1. Sacks P, Rahman M. Epidemiology of brain metastases. Neurosurg
Clin N Am. 2020;31:481-8.

2. Ostrom QT, Wright CH, Barnholtz-Sloan JS. Brain metastases: epide-
miology. Handb Clin Neurol. 2018;149:27-42.

3. Goncalves PH, Peterson SL, Vigneau FD, Shore RD, Quarshie WO,
Islam K, et al. Risk of brain metastases in patients with nonmetastatic
lung cancer: analysis of the Metropolitan Detroit Surveillance, Epide-
miology, and End Results (SEER) data. Cancer. 2016;122:1921-7.

4. Tsakonas G, De Petris L, Ekman S. Management of brain metastasized
non-small cell lung cancer (NSCLC) - from local treatment to new
systemic therapies. Cancer Treat Rev. 2017;54:122-31.

5. Zheng R, Guo D, Dong Y, Wang M, Hu M, Ren Y. Prognostic factors
in patients with brain metastases of lung adenocarcinoma with the
surveillance epidemiology and end results database. ] Nippon Med
Sch. 2021;88(4):319-25.

6. Kepka L. Treatment of brain metastases from lung cancer: challenging
the historical nihilism concerning prognosis. ] Thorac Dis. 2021;13:
3226-9.

7. Garsa A, Jang JK, Baxi S, Chen C, Akinniranye O, Hall O, et al. Radia-
tion therapy for brain metastases. Rockville, MD: Agency for
Healthcare Research and Quality (US); 2021.

8. Dhermain F, Noél G, Antoni D, Tallet A. Role of radiation therapy in
brain metastases management. Cancer Radiother. 2020;24:463-9.

9. Semonche A, Patel NV, Yang I, Danish SF. Identification and manage-
ment of progressive enhancement after radiation therapy for brain
metastases: results from a neurosurgical survey. World Neurosurg.
2020;139:¢526-40.

10. Bailon O, Chouahnia K, Augier A, Bouillet T, Billot S, Coman I, et al.
Upfront association of carboplatin plus pemetrexed in patients with
brain metastases of lung adenocarcinoma. Neuro Oncol. 2012;14:
491-5.

11. Weller M, Steinbach JP, Wick W. Temozolomide: a milestone in the
pharmacotherapy of brain tumors. Future Oncol. 2005;1:747-54.

12. Deng X, Zheng Z, Lin B, Su H, Chen H, Fei S, et al. The efficacy and
roles of combining temozolomide with whole brain radiotherapy in
protection neurocognitive function and improvement quality of life of
non-small-cell lung cancer patients with brain metastases. BMC
Cancer. 2017;17(1):42.

13.  Antonadou D, Coliarakis N, Paraskevaidis M, Athanasiou H, Sarris G,
Synodinou M, et al. A multi-institutional trial comparing survival



HAN ET AL.

WILEYL **

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

of patients with brain metastases from lung cancer treated with
temozolomide plus radiotherapy versus to radiotherapy alone. Lung
Cancer. 2003;41(5):522-3.

Chua D, Krzakowski M, Chouaid C, Pallotta MG, Martinez ]I,
Gottfried M, et al. Whole-brain radiation therapy plus concomitant
temozolomide for the treatment of brain metastases from non-small-
cell lung cancer: a randomized, open-label phase II study. Clin Lung
Cancer. 2010;11(3):176-81.

Hassler MR, Pfeifer W, Knocke-Abulesz TH, Geissler K, Altorjai G,
Dieckmann K, et al. Temozolomide added to whole brain radiotherapy
in patients with multiple brain metastases of non-small-cell lung can-
cer: a multicentric Austrian phase II study. Wien Klin Wochenschr.
2013;125(15-16):481-6.

Xie JY, Xiang DB, Wang G, Yang ZZ, Li Y, Yu X, et al. Clinical
research of TMZ combined treatment with WBRTT in the brain
metastases patients of NSCLC. Chongqing Med. 2007;19:1941-2.
Zhou L, An GY, Yue ZD, Chen L, Song YG, Jiang N. Clinical research
of temozolomide combined with radiotherapy in the treatment of
brain metastasis in patients with non-small cell lung cancer. China
Pharm. 2011;22(22):2072-4.

Shi L, Xi JL, Zeng W. Temozolomide combined with radiotherapy for
brain metastasis of non-small cell lung cancer. Mod J Integr Tradit
Chin West Med. 2014;23(27):3002-4.

Yang HL. Evaluation of radiotherapy combined with temozolomide
for brain metastasis of non-small cell lung cancer. Chin ] Mod Drug
Appl. 2015;9(17):132-3.

Gu TL. A randomized controlled study of temozolomide combined with
whole brain radiotherapy in patients with brain metastasis of non-small
cell lung cancer. Mod Instrum Med Treat. 2015;21(1):36-8. +-52.

Zhang ZW, Zhang Y. Whole brain radiotherapy combined with
temozolomide in the treatment of 30 cases with brain metastasis from
non-small cell lung cancer. ] Chin Oncol. 2016;22(01):53-6.

Zhi WG. Clinical effect of temozolomide assisted whole brain radio-
therapy on brain metastases of non-small cell lung cancer. Chin J
Pract Nerv Dis. 2016;19(23):91-2.

Liu Z. Clinical study of temozolomide combined with radiotherapy in
the treatment of brain metastasis of non-small cell lung cancer. Chin J
Mod Drug Appl. 2016;10(02):114-5.

Mu Y. Clinical effect of temozolomide combined with radiotherapy
and chemotherapy on brain metastasis of non-small cell lung cancer.
China Contin Med Educ. 2016;8(12):139-40.

Xu J. Effect of temozolomide combined with whole brain radiotherapy
on brain metastasis of non-small cell lung cancer. China Pract Med.
2016;11(20):150-1.

Zhao §J. Clinical efficacy of temozolomide combined with whole brain
radiotherapy in the treatment of brain metastasis of non-small cell
lung cancer. Chin J Clin Ration Drug Use. 2016;9(06):102-3.

Wang BH, Guo §J, Zhang DD, Li GW. Effect of temozolomide com-
bined with radiotherapy on brain metastasis of non-small cell lung
cancer. Henan Med Res. 2017;26(18):3294-6.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Teng F, Cui GM, Shi HY, Liu ML, Li YH. Clinical observation of
radiotherapy combined with temozolomide in non-small cell lung
cancer patients with brain metastases. J Int Oncol. 2017;44(4):271-3.
Sperduto PW, Wang M, Robins HI, Schell MC, Werner-Wasik M,
Komaki R, et al. A phase 3 trial of whole brain radiation therapy and
stereotactic radiosurgery alone versus WBRTT and SRS with
temozolomide or erlotinib for non-small cell lung cancer and 1 to
3 brain metastases: Radiation Therapy Oncology Group 0320. Int J
Radiat Oncol Biol Phys. 2013;85(5):1312-8.

Li DD, Bi ZF, Jiang YH, Liu YM. Effect of whole brain radiotherapy
combined with temozolomide on brain metastasis of non-small cell
lung cancer. Guangdong Med J. 2015;36(10):1534-6.

Jiang YL, Chen LH, Shen G. Curative effect observation of
temozolomide combined with whole brain radiotherapy in the brain
metastases patients of non-small cell lung cancer. Mod Med J. 2015;
43(3):285-8.

Wu DD, Yang F, Yao DZ. Whole brain radiotherapy combined with
temozolomide in the treatment of non-small cell lung cancer with
brain metastasis. ] Modern Oncol. 2013;21(09):1997-9.

Waili H, Yimin KM, Yang J. Evaluation of temozolomide combined
with whole brain radiotherapy in the treatment of brain metastasis of
non-small cell lung cancer. Chin ] Cancer Prev Treat. 2018;25(S2):45-6.
Wan LL, Liu XH, Chen K. Evaluation on the effect of whole brain
radiotherapy combined with temozolomide in the treatment of brain
metastases of non-small cell lung cancer. China Mod Med. 2018;
25(29):61-3. +72.

Lu CZ. Efficacy and safety of temozolomide combined with whole
brain radiotherapy in the treatment of brain metastases of non-small
cell lung cancer. Suzhou: Soochow University; 2019.

Wang HM, Wu ZJ. Efficacy and survival of Temozolomide combined
with whole brain radiotherapy in patients with brain metastasis of
non-small cell lung cancer. Chin J Clin Ration Drug Use. 2020;13(17):
68-70.

Abrey LE, Christodoulou C. Temozolomide for treating brain metas-
tases. Semin Oncol. 2001;28:34-42.

Stupp R, Gander M, Leyvraz S, Newlands E. Current and future devel-
opments in the use of temozolomide for the treatment of brain
tumours. Lancet Oncol. 2001;2:552-60.

How to cite this article: Han ], Qiu M, Su L, Wu C,
Cheng S, Zhao Z, et al. Response and safety of whole-
brain radiotherapy plus temozolomide for patients
with brain metastases of non-small-cell lung cancer:
A meta-analysis. Thorac Cancer. 2021;12:3177-83.
https://doi.org/10.1111/1759-7714.14183



https://doi.org/10.1111/1759-7714.14183

	Response and safety of whole-brain radiotherapy plus temozolomide for patients with brain metastases of non-small-cell lung...
	INTRODUCTION
	MATERIAL AND METHODS
	Clinical trials electronic searching
	Studies inclusion and exclusion criteria
	Data extraction
	Study quality assessment
	Publication bias assessment
	Statistical analysis

	RESULTS
	Studies searching results
	Quality of the included studies
	Statistical heterogeneity evaluation
	Objective response
	Treatment-related toxicity
	Publication bias

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


