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Abstract
Background: Chemotherapy in combination with thoracic radiotherapy yields significant results in patients with advanced non–
small-cell lung cancer (NSCLC) compared with thoracic radiotherapy alone. However, whether concurrent or sequential delivery of
chemotherapy combined with thoracic radiotherapy is optimal remains unclear. Herein, we conducted a systematic review andmeta-
analysis of randomized controlled trials (RCTs) to evaluate the efficacy and safety of concurrent vs sequential chemoradiotherapy in
patients with NSCLC.

Methods:PubMed, EmBase, and Cochrane Library were systematically searched for RCTs focusing on concurrent and sequential
chemoradiotherapy for patients with NSCLC. The pooled-effect estimate was calculated using the random-effects model. Sensitivity,
subgroup, and publication biases were also evaluated. A total of 14 RCTs (2634 patients with NSCLC) were selected for the final
meta-analysis.

Results:Compared with sequential chemoradiotherapy, concurrent chemoradiotherapy did not increase the 1-year survival rates;
however, concurrent chemoradiotherapy significantly increased the 2-, 3-, 4-, and 5-year survival rates. Moreover, although there
were no significant differences between concurrent and sequential chemoradiotherapy in terms of distant relapse and locoregional
plus distant relapse, concurrent chemoradiotherapy significantly reduced the risk of locoregional relapse. Furthermore, concurrent
chemoradiotherapy yielded positive results with respect to overall response rates. Unfortunately, concurrent chemoradiotherapy
could result in esophagitis, nausea/vomiting, and reduced leukocyte and platelet counts in patients with NSCLC.

Conclusion: Compared with sequential chemoradiotherapy, concurrent chemoradiotherapy may be significantly beneficial in
terms of long-term survival and locoregional relapse, although it increases the risk of grade 3 (or greater) adverse events.

Abbreviations: CI = confidence interval, NSCLC = non–small-cell lung cancer, PRISMA = Systematic Reviews and Meta-
Analysis, RCT = randomized controlled trials, RR = relative risk.
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1. Introduction

Lung cancer is a commonmalignancy that is associated with high
mortality rates. Approximately 75% to 85% of patients with
lung cancer are diagnosed with non–small-cell lung cancer
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(NSCLC), including squamous carcinoma, adenocarcinoma, and
large-cell carcinoma.[1] Currently, early- and middle-stage
NSCLC are treated with surgical resection, and the postoperative
5-year survival rate is reportedly 77% for stage Ia NSCLC and
23% for stage IIIa NSCLC.[2] Indeed, local recurrence and distant
metastasis are important factors with respect to NSCLC
prognosis. Currently, ∼1/3rd of patients with lung cancer are
diagnosed with stage III locally advanced NSCLC.[3] The
combination of chemotherapy and radiotherapy is the standard
of care for locally advanced and inoperable NSCLC.[4]

Unfortunately, local- and distant relapse rates remain high,
and, accordingly, additional treatment strategies are required in
order to improve NSCLC prognosis.
Combined modality strategies involving concurrent and

sequential chemoradiotherapy have been proven successful in
previous studies.[5–8] Indeed, concurrent chemoradiotherapy for
advanced NSCLC yields significant benefits with respect to
survival rates; however, it increases the risk of hematologic and
nonhematologic toxicity.[5–8] Although concurrent and sequen-
tial chemoradiotherapy are widely used, inconsistent results have
been reported to date with respect to treatment effectiveness. In
this study, we conducted a systematic review andmeta-analysis of
randomized controlled trials (RCTs) to evaluate the efficacy and
safety of concurrent vs sequential chemoradiotherapy for
advanced NSCLC. Moreover, stratified analysis was conducted
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to determine the treatment effectiveness of concurrent and
sequential chemoradiotherapy.
2. Methods

2.1. Data sources, search strategy, and selection criteria

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) Statement issued in 2009.[9] RCTs that examined the
efficacy and safety of concurrent vs sequential chemoradiother-
apy in patients with advancedNSCLCwere included in this meta-
analysis; no restrictions were placed on the published status and
language if the article. We systematically searched three
electronic databases—PubMed, EmBase, and Cochrane Li-
brary—for eligible studies using the following search terms:
(“Carcinoma, Non-Small-Cell-Lung” [MeSH] or “Non-Small-
Cell Lung Cancer” [All fields] or “Non-Small-Cell Lung
Neoplasm” [All fields] or “NSCLC” [All fields]) AND (“Com-
bined Modality Therapy” [MeSH] or “Chemo-Radiotherapy”
[All fields] or (“Chemotherapy” [All fields] and “Radiotherapy”
[All fields])) AND “randomized controlled trials.”Moreover, the
US National Library of Medicine’s clinical-trial database and the
metaRegister of Controlled Trials were used to search for
ongoing trials that have been completed but not published. The
reference lists of retrieved studies were also manually reviewed to
identify any new eligible RCTs.
Two authors independently conducted the literature search

and study selection processes. Any disagreements were settled by
reviewing and discussing the original article. If any disagreements
remained thereafter, an additional author was employed to make
the final decision. Previous studies were included if they met the
following inclusion criteria:
1.
 study design: RCT;

2.
 patients: those with NSCLC;

3.
 intervention: concurrent chemoradiotherapy;

4.
 control: sequential chemoradiotherapy;

5.
 outcomes: 1-, 2-, 3-, 4-, and 5-year survival rates as well as

locoregional relapse, distant relapse, locoregional plus distant
relapse, overall response rates, and grade 3 (or greater) adverse
events. Ethical approval is not applicable in this manuscript.

2.2. Data collection and quality assessment

The following information was collected from the selected trials:
first author’s surname, publication year, country, inclusion
period, sample size, age, male proportion, performance status,
weight loss, NSCLC stage, histology, previous treatment,
intervention, control, follow-up, and investigated outcomes.
The Jadad scale was employed to evaluate the quality of the
included studies according to randomization, blinding, allocation
concealment, withdrawals, dropouts, and the use of intention-to-
treat analysis.[10] The Jadad scale ranges from 0 to 5, with 5
representing optimal quality. Again, two authors independently
conducted the data collection and quality assessment, with a third
author introduced to settle any disagreements.
2.3. Statistical analysis

The efficacy and safety of concurrent vs sequential chemo-
radiotherapy for patients with NSCLC were both assigned as
2

data categories; moreover, relative risks (RRs) with 95%
confidence intervals (CIs) were used to calculate the pooled-
effect estimates for each trial. Pooled analyses were conducted
using the random-effects model.[11,12]I-square and Q statistics
were used in the heterogeneity tests, with I-square >50% or
P< .10 being regarded as significant heterogeneity.[13,14] Sensi-
tivity analyses were conducted to assess the robustness of the
pooled results.[15] Subgroup analyses for efficacy outcomes were
conducted based on male proportion, performance status, weight
loss, NSCLC stage, and study quality, and the differences
between the subgroups were identified by calculating the P-value
of each outcome using t test.[16] Publication biases for efficacy
outcomes were calculated using funnel plots and the test results of
Egger and Begg.[17,18] The P-value for all pooled outcomes was
two-sided; P< .05 was considered statistically significant. All
statistical analyses were conducted using STATA software
(Version 10.0; StataCorp, Texas).
3. Results

3.1. Literature search

Figure 1 presents the literature search and study selection process.
Overall, we yielded 2469 studies from the databases, and 646 of
these studies were excluded due to duplicate topics. An additional
1769 studies were excluded due to irrelevant topics, and the
remaining 54 studies were retrieved for further full-text
evaluation. Thereafter, 40 studies were excluded due to the
following reasons: studies investigated other intervention
methods (n=16), no appropriate control (n=15), and review
or meta-analysis (n=9). The remaining 14 RCTs were selected
for the meta-analysis.[19–32] Unfortunately, a manual search of
the reference lists of the selected 14 RCTs did not yield any new
articles.

3.2. Study characteristics

Table 1 summarizes the baseline characteristics of the identified
studies and patients. A total of 2634 patients with NSCLC from
14 RCTs were retrieved for analysis. The follow-up duration
ranged from 1.3 to 11years, and 30 to 400 patients were included
in each trial. Themean age of the enrolled patients was 56.5–63.5
years, and the male proportion was 30.8% to 96.2%. Overall, 11
RCTs included patients with stage III NSCLC, whereas the
remaining 3 studies included both early- and advanced-stage
NSCLC. The quality of the included studies was evaluated using
the Jadad scale: 7 studies scored 4, 5 studies scored 3, and the
remaining 2 scored 2.
3.3. One-year survival rate

Data on 1-year survival rates to evaluate the effect of concurrent
vs sequential chemoradiotherapy were available in 10 trials,
which included 1724 patients with NSCLC with 1006 survival
cases. The summary results did not identify any significant
differences between concurrent and sequential chemoradiother-
apy for one-year survival rates (RR: 1.04; 95% CI: 0.94–1.15;
P= .491; Fig. 2); moreover, potential significant heterogeneity
existed across the included trials (I-square: 38.9%; P= .098).
Sensitivity analysis indicated that the results were stable; they did
not change after excluding individual trials (Supplemental Digital
Content 1, http://links.lww.com/MD/F899).

http://links.lww.com/MD/F899
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Figure 1. PRISMA Statement flowchart regarding the study selection process.
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3.4. Two-year survival rate

Data on 2-year survival rates to evaluate the effect of concurrent
vs sequential chemoradiotherapy were was available in 10 trials,
which included 1697 patients with NSCLC with 541 survival
cases. Compared with sequential chemoradiotherapy, concurrent
chemoradiotherapy yielded significant benefits with respect to 2-
year survival rates (RR: 1.25; 95% CI: 1.07–1.47; P= .004;
Fig. 3); moreover, insignificant heterogeneity was evident among
the included trials (I-square: 21.9%; P= .242). Sensitivity
analysis indicated that the results were stable; they did not
change after excluding individual trials (Supplemental Digital
Content 1, http://links.lww.com/MD/F899).

3.5. Three-year survival rate

Data on 3-year survival rates to evaluate the effect of concurrent
vs sequential chemoradiotherapy were available in 7 trials, which
included 1420 patients with NSCLC with 252 survival cases.
Indeed, compared with sequential chemoradiotherapy, concur-
rent chemoradiotherapy significantly increased the 3-year
survival rates (RR: 1.28; 95% CI: 1.02–1.60; P= .035; Fig. 4);
moreover, there was no evidence of heterogeneity among the
included trials (I-square: 0.0%; P= .545). Sensitivity analysis
indicated that the results were not stable and changed after
3

excluding individual trials due to the marginal 95% CI
(Supplemental Digital Content 1, http://links.lww.com/MD/
F899).

3.6. Four-year survival rate

Data on 4-year survival rates to evaluate the effect of concurrent
vs sequential chemoradiotherapy were available in 5 trials, which
included 1377 patients with NSCLCwith 194 survival cases. The
pooled RRs indicated that compared with sequential chemo-
radiotherapy, concurrent chemoradiotherapy significantly in-
creased the 4-year survival rates (RR: 1.56; 95% CI: 1.20–2.04;
P= .001; Fig. 5); moreover, there was no evidence of heterogene-
ity across the included trials (I-square: 0.0%; P= .960).
Sensitivity analysis suggested that the results were robust; they
did not alter after excluding specific trials (Supplemental Digital
Content 1, http://links.lww.com/MD/F899).

3.7. Five-year survival rate

Data on 5-year survival rates to evaluate the effect of concurrent
vs sequential chemoradiotherapy were available in 5 trials, which
included 1367 patients with NSCLC with 149 survival cases.
Indeed, compared with sequential chemoradiotherapy, concur-

http://links.lww.com/MD/F899
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Figure 3. Effect of concurrent vs sequential chemoradiotherapy on 2-year survival rates.
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Figure 2. Effect of concurrent vs sequential chemoradiotherapy on 1-year survival rates.
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Figure 4. Effect of concurrent vs sequential chemoradiotherapy on 3-year survival rates.
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rent chemoradiotherapy significantly increased the 5-year
survival rates (RR: 1.49; 95% CI: 1.09–2.04; P= .012; Fig. 6);
moreover, there was no evidence of heterogeneity among the
included trials (I-square: 0.0%; P= .550). Sensitivity analysis
  Risk ratio
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 Study

 Furuse 1999

 Clamon 1999

 Curran 2003

 Fournel 2005

 Huber 2006

 Overall

Figure 5. Effect of concurrent vs sequential c

6

indicated that the results were not stable and changed after
excluding individual trials due to two reasons: marginal 95% CI
and a small number of included trials (Supplemental Digital
Content 1, http://links.lww.com/MD/F899).
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hemoradiotherapy on 4-year survival rates.
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 Huber 2006   0.82 ( 0.27, 2.49)   7.8 
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 100.0 

Figure 6. Effect of concurrent vs sequential chemoradiotherapy on 5-year survival rates.
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3.8. Locoregional relapse
Data on the risk of locoregional relapse to evaluate the effect of
concurrent vs sequential chemoradiotherapy were available in 8
trials, which included 1589 patients with NSCLC with 539
events of locoregional relapse. Overall, compared with
  Risk ratio
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 Belderbos 2007

 Curran 2011

 Maguire 2014

 Overall

Figure 7. Effect of concurrent vs sequential chemo

7

sequential chemoradiotherapy, concurrent chemoradiotherapy
significantly reduced the risk of locoregional relapse (RR: 0.80;
95% CI: 0.70–0.92; P= .001; Fig. 7); moreover, there was no
evidence of heterogeneity (I-square: 0.0%; P= .538). The results
were stable and did not change after excluding individual trials
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radiotherapy on the risk of locoregional relapse.
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Figure 8. Effect of concurrent vs sequential chemoradiotherapy on the risk of distant relapse.
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(Supplemental Digital Content 1, http://links.lww.com/MD/
F899).

3.9. Distant relapse

Data on the risk of distant relapse to evaluate the effect of
concurrent vs sequential chemoradiotherapy were available in 9
trials, which included 1660 patients with NSCLC with 561 events
of distant relapse. No significant differences were found between
concurrent and sequential chemoradiotherapy (RR: 1.02; 95%CI:
0.89–1.16; P= .811; Fig. 8); moreover, there was no evidence of
heterogeneity across the included trials (I-square: 0.0%; P= .646).
Sensitivity analysis indicated that the results were stable and did
not change after excluding individual trials (Supplemental Digital
Content 1, http://links.lww.com/MD/F899).

3.10. Locoregional plus distant relapse

Data on the risk of locoregional plus distant relapse to evaluate
the effect of concurrent vs sequential chemoradiotherapy were
available in 6 trials, which included 1301 patients with NSCLC
with 102 events of locoregional plus distant relapse. No
significant differences were found between concurrent and
sequential chemoradiotherapy (RR: 0.83; 95% CI: 0.57–1.20;
P= .316; Fig. 9); moreover, there was no evidence of heterogene-
ity across the included trials (I-square: 0.0%; P= .936).
Sensitivity analysis indicated that the results were robust and
did not change after excluding individual trials (Supplemental
Digital Content 1, http://links.lww.com/MD/F899).

3.11. Overall response rate

Data on overall response rates to evaluate the effect of
concurrent vs sequential chemoradiotherapy were available in
8

11 trials, which included 1872 patients with NSCLC with 1154
events of overall response. The RRs indicated that compared
with sequential chemoradiotherapy, concurrent chemoradio-
therapy significantly increased the overall response rates (RR:
1.13; 95% CI: 1.02–1.25; P= .016; Fig. 10); moreover,
potential significant heterogeneity was identified among the
included trials (I-square: 40.8%; P= .077). Sensitivity analysis
indicated that the results were not stable and changed after
individual trials were excluded. This was due to the marginal
95% CI (Supplemental Digital Content 1, http://links.lww.com/
MD/F899).

3.12. Grade 3 (or greater) adverse events

Table 2 summarizes the pooled results for the risk of grade 3 (or
greater) adverse events between concurrent and sequential
chemoradiotherapy. The RRs suggested that concurrent chemo-
radiotherapy reduced leukocyte counts (RR: 2.17; 95%CI: 1.44–
3.26; P< .001) and platelet counts (RR: 1.96; 95% CI: 1.24–
3.09; P= .004); moreover, it was associatedwith esophagitis (RR:
3.85; 95% CI: 2.39–6.21; P< .001) and nausea/vomiting (RR:
1.44; 95% CI: 1.05–1.97; P= .024). However, no significant
differences were found between concurrent and sequential
chemoradiotherapy with respect to the risk of grade 3 (or
greater) adverse events in terms of reduced hemoglobin level,
reduced platelet count, reduced lymphocyte count, neutropenia,
ALT level, serum creatinine level, stomatitis, diarrhea, pulmo-
nary infection, neurotoxicity, anorexia, dyspnea, heart problems,
sensory, pain, weight loss, fatigue, allergy, and fever.
3.13. Subgroup analyses

The results of the subgroup analyses for efficacy outcomes are
shown in Table 3. There are eight main points to note here.

http://links.lww.com/MD/F899
http://links.lww.com/MD/F899
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 100.0 

Figure 9. Effect of concurrent vs sequential chemoradiotherapy on the risk of locoregional plus distant relapse.
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1.
 Although no significant results were identified between
concurrent and sequential chemoradiotherapy for 1-year
survival rates, concurrent chemoradiotherapy yielded signifi-
cant benefits if the performance status of patients was 0 to 2.
  Risk ratio
 .3  1

 Study

 Furuse 1999

 Clamon 1999

 Ulutin 2000

 Zatloukal 2004

 Fournel 2005

 Dasgupta 2006

 Scagliotti 2006

 Huber 2006

 Belderbos 2007

 Curran 2011

 Maguire 2014

 Overall

Figure 10. Effect of concurrent vs sequential chemorad
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2.
 

ioth
It was evident that concurrent chemoradiotherapy significant-
ly increased the 2-year survival rates in RCTs with male
proportion of ≥70%, stage III NSCLC, and trials with high
quality.
 5
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erapy on the incidence of overall response rate.
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Table 2

The summary results for grade 3 (or greater) adverse events.

Outcomes No. of studies RR and 95%CI P Heterogeneity (%) P value for heterogeneity

Hemoglobin 8 1.24 (0.61–2.53) .551 80.1 <.001
Leukocyte 7 2.17 (1.44–3.26) <.001 90.3 <.001
Platelet 7 1.96 (1.24–3.09) .004 42.1 .110
Granulocytes/Bands 3 3.16 (0.59–16.90) .179 91.3 <.001
Lymphocytes 3 2.47 (0.89–6.88) .082 82.8 .003
Neutropenia 4 0.96 (0.65–1.43) .847 72.8 .012
ALT 2 1.63 (0.57–4.67) .366 0.0 .492
Serum creatinine 2 0.97 (0.10–9.24) .976 0.0 .320
Esophagitis 11 3.85 (2.39–6.21) <.001 38.8 .090
Stomatitis 3 2.89 (0.89–9.38) .077 0.0 .999
Nausea/vomiting 8 1.44 (1.05–1.97) .024 31.7 .175
Diarrhea 2 0.66 (0.13–3.53) .632 30.8 .229
Pulmonary 8 0.83 (0.49–1.42) .501 38.0 .127
Infection 4 1.37 (0.78–2.42) .269 0.0 .643
Neurotoxicity 5 0.75 (0.23–2.39) .625 49.5 .095
Anorexia 2 1.01 (0.39–2.58) .986 0.0 .518
Dyspnea 2 0.72 (0.35–1.47) .361 0.0 .957
Heart 7 1.06 (0.54–2.11) .857 0.0 .465
Sensory 2 3.08 (0.32–29.38) .329 0.0 .927
Pain 2 1.29 (0.58–2.90) .532 0.0 .823
Weight loss 3 0.98 (0.33–2.95) .978 0.0 .407
Fatigue 3 1.54 (0.28–8.54) .620 73.4 .023
Allergy 2 1.56 (0.19–12.50) .677 0.0 .522
Fever 2 0.61 (0.08–4.90) .642 0.0 .700

Xiao and Hong Medicine (2021) 100:11 Medicine
3.
 Concurrent chemoradiotherapy was associated with increased
3-year survival rates in RCTs with male proportion of ≥70%,
patient performance status of 0 to 2, stage III NSCLC, and
trials with high quality.
4.
 Concurrent chemoradiotherapy was associated with increased
4-year survival rates in RCTs with male proportion of ≥70%,
negligible weight loss, any stage of stages, and trials with high
quality.
5.
 Significant differences were evident between concurrent and
sequential chemoradiotherapy with respect to 5-year survival
rates in RCTs with male proportion of ≥70%, weight loss of
<10%, stage III NSCLC, and trials with high quality.
6.
 Concurrent chemoradiotherapy was associated with a reduced
riskof locoregional relapsemainly inRCTswithmale proportion
of <70%, patient performance status of 0 to 1, weight loss of
<5%, stage III NSCLC, and trials with high quality.
7.
 The subgroup analysis results for distant relapse and locore-
gional plus distant relapse in all subsets were consistent with
the overall analysis.
8.
 Concurrent chemoradiotherapy significantly increased the
overall response rates in RCTs with male proportion of
<70%, patient performance status of 0 to 2, stage III NSCLC,
and trials with high quality.

3.14. Publication bias

Publication bias for the efficacy outcomes are presented in
Supplemental Digital Content 2, http://links.lww.com/MD/F900.
Overall, no significant publication biases were evident for 1-year
survival rates (P-value for Egger: .881; P-value for Begg: 1), 2-
year survival rates (P-value for Egger: .107; P-value for Begg:
.371), 3-year survival rates (P-value for Egger: .687; P-value
for Begg: .764), 4-year survival rates (P-value for Egger: .182;
10
P-value for Begg: .221), 5-year survival rates (P-value for Egger:
.317; P-value for Begg: .806), locoregional relapse (P-value for
Egger:.249; P-value for Begg: .711), distant relapse (P-value for
Egger: .518; P-value for Begg: .917), locoregional plus distant
relapse (P-value for Egger: .305; P-value for Begg: .452),
and overall response rates (P-value for Egger: .682; P-value
for Begg: .533).
4. Discussion

To the best of our knowledge, this study is the first to compare the
efficacy and safety of concurrent and sequential chemoradio-
therapy with respect to patients with advanced NSCLC. Overall,
2634 patients with NSCLC from 14 RCTs (with wide-ranging
patient characteristics) were evaluated in this study. The findings
suggest that concurrent chemoradiotherapy yields significant
benefits with respect to NSCLC prognosis, including increased
survival rates at 2, 3, 4, and 5years as well as improved
locoregional relapse and overall response rates. However, the risk
of grade 3 (or greater) adverse events, such as esophagitis, nausea/
vomiting, and reduced leukocyte and platelet counts, significantly
increases with concurrent chemoradiotherapy. According to
subgroup analysis, the effectiveness of concurrent and sequential
chemoradiotherapy with respect to the RCTs in question is
dependent on the following elements: male proportion, perfor-
mance status, weight loss, NSCLC stage, and study quality.
Although the RCTs in question did not conduct a meta-

analysis to evaluate the efficacy and safety of concurrent and
sequential chemoradiotherapy in patients with advanced
NSCLC, qualitative systematic reviews suggested that concurrent
chemoradiotherapy yields superior effects in terms of median
survival duration, overall response rates, and local relapse
control rates. However, the magnitude of pooled-effect estimates

http://links.lww.com/MD/F900


Table 3

Subgroup analyses for survival rate, relapse, and overall response rate.

Outcomes Factors Subgroup RR and 95%CI P Heterogeneity (%)
P value for

heterogeneity
P value

between subgroups

1-year survival rate Percentage male ≥70.0% 1.05 (0.92–1.19) .511 32.2 .194 .853
<70.0% 1.04 (0.86–1.25) .701 59.0 .062

Performance status 0–1 0.96 (0.84–1.11) .584 39.3 .144 .052
0–2 1.20 (1.03–1.41) .023 0.0 .478

Weight loss <5.0% 1.01 (0.84–1.22) .902 0.0 .690 .637
<10.0% 1.07 (0.92–1.24) .397 43.0 .135

Stage III 1.04 (0.95–1.15) .415 24.4 .235 1.000
Both 0.98 (0.55–1.76) .950 82.9 .016

Study quality High 1.08 (0.97–1.20) .161 0.0 .817 .252
Low 1.01 (0.82–1.25) .905 66.3 .018

2-year survival rate Percentage male ≥70.0% 1.35 (1.03–1.76) .028 38.7 .163 .614
<70.0% 1.18 (0.91–1.53) .211 25.3 .260

Performance status 0–1 1.24 (0.92–1.66) .156 47.5 .107 .668
0–2 1.61 (0.86–3.01) .136 57.8 .124

Weight loss <5.0% 1.13 (0.76–1.70) .549 – – .954
<10.0% 1.28 (0.96–1.70) .095 45.0 .122

Stage III 1.24 (1.08–1.43) .002 0.0 .623 .959
Both 1.51 (0.42–5.40) .522 83.9 .013

Study quality High 1.29 (1.06–1.57) .011 0.0 .749 .671
Low 1.27 (0.96–1.69) .097 50.6 .072

3-year survival rate Percentage male ≥70.0% 1.38 (1.04–1.84) .027 0.0 .415 .370
<70.0% 1.12 (0.77–1.62) .563 0.0 .513

Performance status 0–1 1.07 (0.76–1.50) .702 0.0 .440 .334
0–2 1.61 (1.04–2.47) .031 0.0 .695

Weight loss <5.0% 1.00 (0.60–1.67) .990 – – .338
<10.0% 1.25 (0.93–1.68) .136 0.0 .433

Stage III 1.33 (1.05–1.68) .017 0.0 .689 .166
Both 0.68 (0.27–1.70) .413 – –

Study quality High 1.40 (1.07–1.84) .015 0.0 .746 .224
Low 1.04 (0.66–1.64) .862 12.4 .319

4-year survival rate Percentage male ≥70.0% 1.53 (1.05–2.22) .026 0.0 .939 .780
<70.0% 1.31 (0.65–2.62) .450 – –

Performance status 0–1 1.37 (0.87–2.16) .178 0.0 .868 .775
0–2 1.65 (0.92–2.95) .093 – –

Weight loss <5.0% 1.60 (1.09–2.35) .017 0.0 .494 .986
<10.0% 1.53 (1.01–2.32) .047 0.0 .722

Stage III 1.48 (1.06–2.05) .020 0.0 .965 .556
Both 1.75 (1.10–2.78) .018 – –

Study quality High 1.61 (1.21–2.15) .001 0.0 .955 .587
Low 1.31 (0.65–2.62) .450 – –

5-year survival rate Percentage male ≥70.0% 1.65 (1.05–2.58) .029 0.0 .394 .540
<70.0% 1.35 (0.88–2.09) .173 0.0 .369

Performance status 0–1 1.42 (0.72–2.80) .317 32.8 .223 .773
0–2 1.81 (0.98–3.35) .059 – –

Weight loss <5.0% 1.35 (0.88–2.09) .173 0.0 .369 .334
<10.0% 1.88 (1.16–3.07) .011 0.0 .830

Stage III 1.49 (1.09–2.04) .012 0.0 .550 –

Both – – – –

Study quality High 1.61 (1.14–2.26) .006 0.0 .595 .283
Low 1.01 (0.46–2.20) .986 – –

Locoreginal relapse Percentage male ≥70.0% 0.83 (0.65–1.06) .135 27.7 .246 .525
<70.0% 0.77 (0.64–0.92) .005 0.0 .691

Performance status 0–1 0.80 (0.67–0.97) .020 7.6 .363 .920
0–2 0.73 (0.49–1.09) .125 34.2 .218

Weight loss <5.0% 0.79 (0.64–0.98) .029 0.0 .935 .638
<10.0% 0.83 (0.61–1.13) .237 50.9 .131

Stage III 0.76 (0.65–0.88) <.001 0.0 .817 .079
Both 1.06 (0.75–1.50) .737 – –

Study quality High 0.78 (0.64–0.94) .011 0.0 .632 .672
Low 0.81 (0.65–1.03) .082 27.1 .249

Distant relapse Percentage male ≥70.0% 1.06 (0.89–1.27) .514 0.0 .936 .764

(continued )
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Table 3

(continued).

Outcomes Factors Subgroup RR and 95%CI P Heterogeneity (%)
P value for
heterogeneity

P value
between subgroups

<70.0% 0.94 (0.69–1.28) .697 40.6 .168
Performance status 0–1 0.92 (0.75–1.14) .450 0.0 .477 .481

0–2 1.12 (0.88–1.42) .363 0.0 .412
Weight loss <5.0% 0.92 (0.67–1.28) .628 35.5 .212 .768

<10.0% 1.07 (0.89–1.28) .490 0.0 .833
Stage III 1.02 (0.88–1.18) .792 0.0 .539 .922

Both 1.00 (0.73–1.37) 1.000 – –

Study quality High 1.09 (0.92–1.29) .310 0.0 .975 .189
Low 0.91 (0.74–1.12) .384 1.8 .396

Locoreginal plus distant relapse Percentage male ≥70.0% 0.67 (0.37–1.24) .206 0.0 .916 .409
<70.0% 0.93 (0.58–1.49) .769 0.0 .803

Performance status 0–1 0.62 (0.30–1.28) .200 0.0 .910 .670
0–2 0.92 (0.48–1.80) .816 0.0 .581

Weight loss <5.0% 0.87 (0.52–1.46) .590 0.0 .864 .639
<10.0% 0.65 (0.33–1.27) .209 0.0 .743

Stage III 0.83 (0.57–1.20) .316 0.0 .936 –

Both – – – –

Study quality High 0.79 (0.52–1.20) .270 0.0 .881 .646
Low 0.98 (0.43–2.22) .963 0.0 .518

Overall response rate Percentage male ≥70.0% 1.08 (0.90–1.30) .383 58.2 .048 .924
<70.0% 1.19 (1.00–1.40) .047 55.7 .079

Performance status 0–1 1.00 (0.89–1.13) .948 0.0 .461 .008
0–2 1.42 (1.05–1.91) .022 66.1 .086

Weight loss <5.0% 1.12 (1.00–1.25) .059 0.0 .588 .737
<10.0% 1.02 (0.77–1.35) .904 79.2 .008

Stage III 1.17 (1.07–1.27) .001 22.2 .239 .021
Both 0.87 (0.68–1.11) 0.261 – –

Study quality High 1.19 (1.09–1.29) <.001 0.0 .540 .184
Low 1.10 (0.90–1.34) .354 63.8 .026
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for survival outcomes between concurrent and sequential
chemoradiotherapy were not addressed in previous study.[33]

Therefore, a quantitative meta-analysis was conducted to
evaluate the treatment effects of concurrent chemoradiotherapy
vs sequential chemoradiotherapy in patients with advanced
NSCLC.
The results indicated no significant differences between

concurrent and sequential chemoradiotherapy for 1-year survival
rates, whereas 2-, 3-, 4-, and 5-year survival rates increased
significantly with concurrent chemoradiotherapy. Moreover, no
significant differences were noted between concurrent and
sequential chemoradiotherapy in terms of 1-year survival rate,
mainly in 3 included trials.[27,29,32] This could be due to the
combination of various chemotherapy and radiotherapy strate-
gies used therein, which in turn can affect survival outcomes at
various follow-up periods. Moreover, subgroup analysis indicat-
ed that concurrent chemoradiotherapy is effective in RCTs with
male proportion of ≥70%, patient performance status of 0 to 2,
stage III NSCLC, and trials with high quality. These results
suggest that the superior effects of concurrent chemoradiother-
apy are mainly observed in high-risk and poor-prognosis
patients.
Indeed, the results suggest that compared with sequential

chemoradiotherapy, concurrent chemoradiotherapy significantly
reduces the risk of locoregional relapse; moreover, no significant
differences were found between the groups with respect to distant
relapse and locoregional plus distant relapse. The significantly
improved survival rates in patients who receive concurrent
12
chemoradiotherapy can be attributed to the increased locore-
gional tumor control. Moreover, concurrent chemoradiotherapy
can produce a radiotherapy-enhancing effect on tumor volume,
which in turn can further improve locoregional tumor control.[34]

According to subgroup analysis, the significant differences
between concurrent and sequential chemoradiotherapy are
mainly found in RCTs with male proportion of <0%, patient
performance status of 0 to 1, weight loss of <5%, stage III
NSCLC, and trials with high quality. Indeed, the effectiveness of
both concurrent and sequential chemoradiotherapy is easily
detected in low-risk and positive-prognosis patients. The
stratified analysis results could have been affected by the number
of trials included in these subsets.
We noted that the difference in concurrent vs sequential

chemoradiotherapy was associated with an increase in overall
response rates in patients with advanced NSCLC. According to
subgroup analysis, this significant difference is mainly detected in
RCTs with male proportion of <70%, patient performance
status of 0 to 2, stage III NSCLC, and trials with high quality. The
differences between the groups with respect to overall response
rates can be explained by the treatment strategy and metastasis
sites.[35,36] Indeed, the subgroup analysis results suggest that
compared with sequential chemoradiotherapy, concurrent che-
moradiotherapy yields greater benefits for overall response rates,
especially for poor-prognosis and high-risk patients.
Unfortunately, concurrent chemoradiotherapy is associated

with grade 3 (or greater) adverse events, such as esophagitis,
nausea/vomiting, and reduced leukocyte and platelet counts.
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These results are significantly correlated with the benefit/risk
ratio and quality of life. Moreover, the increased risks of severe
hematologic and nonhematologic toxicity are significantly
associated with the radiotherapy doses, which in turn can affect
the incidences of local tumor and survival rates.[37,38]

Several limitations of this meta-analysis should be acknowl-
edged:
1.
 potential significant heterogeneity was detected among
included trials, which could not be completely explained in
subgroup analyses;
2.
 various chemotherapy and radiotherapy strategies were
evident across the included trials, which could affect NSCLC
prognosis;
3.
 subgroup analysis according to histology of NSCLC were not
conducted because data stratified by histology of NSCLCwere
not available in each trial;
4.
 this study was based on published articles and unpublished
data were not evaluated, which inevitable results in a
publication bias;
5.
 this study was based on study-level data, which means that
individual data were not available, thus restricting further
detailed analysis.

In conclusion, the meta-analysis demonstrated that compared
with sequential chemoradiotherapy, concurrent chemoradiother-
apy yields significant benefits with respect to survival rates at 2, 3,
4, and 5years as well as with respect to locoregional relapse and
overall response rates; however, concurrent chemoradiotherapy
is also associated with an increased risk of grade 3 (or greater)
adverse events, such as esophagitis, nausea/vomiting, and
reduced leukocyte and platelet counts. Indeed, further studies
regarding specific treatment strategies should be conducted using
large-scale RCTs.

Author contributions
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