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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide, with approximately 1.4 million deaths annu-
ally [1]. Among new cases of lung cancer, 85% are non-
small cell lung cancer (NSCLC) [2]. Approximately one-
third of NSCLC patients present with locally advanced 
disease (stages IIIa/IIIb), and surgery may not be suitable 
for these patients. A number of randomized clinical trials 
and meta-analyses of LA-NSCLC support the conclusion 
that concurrent CRT improved overall survival (OS) com-
pared to radiotherapy (RT) alone and/or sequential chemo-
radiotherapy (CRT) [3–5]. However, the prognosis is still 
poor, with high rates of local and distant failure and five-
year overall survival rates ranging between 15 and 25% 
[6]. Therefore, more effective therapy or other systemic 
antitumor agents are required to further improve the cur-
rent level of response and survival. The addition of consoli-
dation chemotherapy (CCT) is another potential approach, 
and several randomized studies and systematic reviews/
meta-analyses have already indicated the efficacy of CCT 
[7, 8]. Cortesi et al. reported that CCT was safely adminis-
tered without severe adverse events or any influence on the 
final treatment response rate [9]. However, a recent report 
on the pooled analysis of 41 studies failed to provide evi-
dence that CCT yielded a significant survival benefit for 
patients with LA-NSCLC [10]. A clinical trial by Hanna 
et al. demonstrated that consolidation docetaxel after cispl-
atin/etoposide with RT (PE/XRT) results in increased tox-
icities but does not further improve survival compared with 
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PE/XRT alone in patients with stage III inoperable NSCLC 
[11]. Another Phase  II  study said the addition of  consoli-
dation  paclitaxel  after CRT resulted in increased toxicity 
without improving survival [12]. Therefore, the optimal 
treatment strategy is still controversial. The objectives of 
this systematic review and meta-analysis were to determine 
the survival benefit of CCT and to determine whether CCT 
is superior to CRT in unresectable LA-NSCLC patients.

Materials and methods

Search strategy

We searched the online PubMed, Embase, Cochrane 
Library, WanFang, VIP, and CNKI databases to identify 
relevant studies in the published literature. The system-
atic search on PubMed was performed using the following 
MesH and free text terms: chemoradiotherapy, carcinoma, 
non-small cell lung and consolidation chemotherapy. For 
Embase, the search method was exp chemoradiotherapy/or 
chemoradiotherapy.mp., exp non-small cell lung cancer/or 
lung non small cell cancer/or non small cell lung cancer.
mp. and exp consolidation chemotherapy or/consolidation 
chemotherapy.mp. The search strategy for the Cochrane 
Library was MeSH descriptor: [carcinoma, non-small-cell 
lung] explode all trees; MeSH descriptor: [chemoradiother-
apy] explode all trees; and MeSH descriptor: [consolidation 
chemotherapy] explode all trees. We also searched Chinese 
databases, such as CNKI, using the key words chemora-
diotherapy, non-small cell lung cancer and consolidation 
chemotherapy. The search was performed without any lan-
guage limitations.

Inclusion/exclusion criteria

The inclusion criteria, which were set before searching 
online, were (1) randomized clinical trials comparing the sur-
vival between a group receiving combined CRT and another 
group receiving CRT followed by CCT; (2) the studies 
involved patients with unresectable LA-NSCLC; (3) in stud-
ies that had multiple arms, at least two of the arms fulfilled 
the previous requirements; and (4) the hazard ratios (HRs) 
and 95% confidence intervals (CIs) of the patients who 
underwent CRT followed by CCT and those who received 
combined CRT could be calculated from the survival data in 
the article, including OS and progression-free survival (PFS). 
The definition of PFS is the time from random assignment 
until the first documentation of disease progression or death 
by any cause or last follow-up, whichever came first. Disease 
progression was determined based on a radiological exami-
nation, histologic examination, or both. Based on a report 
published in the ‘International Journal of Clinical Oncology’ 

[13], treatment responses were evaluated using the Response 
Evaluation Criteria for Solid Tumors (RECIST) version, as 
progression of disease, stable disease, partial response (PR) 
and complete response (CR).

The exclusion criteria were non-randomized controlled 
trials; trials that did not include survival data as endpoints; 
and trials that were only published as an abstract, letter, or 
conference paper. We also excluded trial arms in which sur-
gery or induction chemotherapy was offered in addition to 
concurrent CRT.

Study selection

The full texts of the gathered articles were carefully 
reviewed to identify eligible studies. Any disagreement 
concerning study selection was resolved by discussion and 
consensus with another author. In total, we collected 341 
studies from the systematic search. Then, 286 irrelevant 
articles were excluded after title and abstract review, and 
55 studies were considered potentially eligible for inclu-
sion. After analyzing the full text articles, 50 studies were 
excluded because 7 studies were review articles, 4 stud-
ies were letters, 10 studies were conference abstracts, 
10 articles were single-arm clinical trials, and 17 studies 
were eliminated due to inadequate data for meta-analysis. 
Finally, 5 eligible studies were selected for the present 
meta-analysis according to our criteria. Five included OS 
data, and 4 included PFS data. A flowchart depicting the 
study selection is shown in Fig. 1.

Quality assessment

The risk of bias in individual studies was assessed inde-
pendently by 2 authors. Characteristics assessed by the 2 
authors included concealment of a randomization sequence 
and the number of patients lost to follow-up.

Data extraction

Two authors independently extracted data from the 5 eli-
gible studies. The simplest method consisted of the direct 
collection of the HR and the 95% CI for OS and PFS from 
the original article. If these statistics were not available, 
we extracted univariate Cox hazard regression analysis or 
log-rank P values and Kaplan–Meier survival curves of the 
survival outcomes instead. All of the studies included in the 
analysis also contained the following data—first author’s 
name, year published, country of origin, tumor grade, num-
ber of patients, CRT regimen, CCT regimen, median OS, 
and median PFS. Any disagreement about data extraction 
was resolved by discussion and consensus with another 
author. The data extracted from all 5 included trials are 
shown in Table 1.
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Statistical analysis

The primary endpoint was OS, defined as the time 
from random assignment until death by any cause. The 

secondary endpoint was PFS, defined as the time from 
random assignment until first progression or death by any 
cause. Statistical analyses were performed using RevMan 
(Review Manager Version 5.3 for Windows, Cochrane Col-
laboration, Oxford, UK, 2014). Log hazard ratio (logHR) 
and standard error (SE) were statistically combined for the 
quantitative aggregation of the survival results, but the two 
statistical variables were not explicitly stated in all of the 
studies. Therefore, based on methods developed by Parmar 
et al. [14], Williamson et al. [15], and Tierney et al. [16], 
we calculated the logHR and SE using the primary data as 
described above—HR and their 95% CI, log-rank P value, 
or Kaplan–Meier survival curves. We used random-effects 
models and fixed-effects models for statistical analysis. An 
observed HR  >1 indicated a worse outcome for the posi-
tive group relative to the negative group, and if the 95% 
CI did not overlap 1, the value was considered statistically 
significant.

Results

Description of trials and patients

The trial characteristics and the treatment schedules are 
listed in Table 1. There were 1036 patients with unresect-
able LA-NSCLC in the 5 selected clinical trials, with 530 
patients having received CRT followed by CCT and 506 
patients having received only CRT. The 5 studies were pub-
lished from 2008−2015, and the participants were from 
Turkey, Korea, China, and the USA. The tumor stages of 
the patients were IIIa or IIIb. In 4 trials, the chemotherapy 

Fig. 1   Selection of studies

Table 1   Study characteristics and treatment schedules

D docetaxel, P cisplatin, C carboplatin, E etoposide, T paclitaxel, CRT chemoradiotherapy, MOS median overall survival, MPFS median pro-
gression-free survival, HR hazard ratio, NR not reported

Author, reference Country Tumor grade Number trial/control CRT

Chemotherapy Radiotherapy

Mutlu et al. [17] Turkey IIIb 53/47 P/C/EP/CT NR

Ahn et al. [18] Korea IIIa/IIIb 209/211 DP 66 Gy (2.0 Gy/day)

Liu et al. [19] China IIIa/IIIb 113/90 EP/CT/other 50–74 Gy (2.0 Gy/day)

Hanna et al. [11] Korea IIIa/IIIb 73/74 EP 59.4 Gy (1.8 Gy/day)

Jalal et al. [20] USA IIIa/IIIb 82/84 EP 59.4 Gy (1.8 Gy/day)

Author, reference CCT MOS HR (OS)/95% CI MPFS HR (PFS)/95% CI

Regimen Cycle Trial/control Trial/control

Mutlu et al. [17] CT 3 25.2/13.8 0.57/0.35–0.91 17.1/10.8 0.53/0.32–0.87

Ahn et al. [18] DP 3 21.8/20.6 0.911/0.720–1.253 9.1/8.1 0.906/0.734–0.119

Liu et al. [19] Platinum NR 27/16 0.61/0.42–0.88 12.0/9.0 0.64/0.44–0.94

Hanna et al. [11] D 3 21.2/23.2 0.98/0.65–1.47 NR 1.02/0.7–1.05

Jalal et al. [20] D 3 26.1/24.2 1.09/0.75–1.59 10.8/10.3 NR
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regimen concurrent with RT was etoposide plus cisplatin, 
while the other was docetaxel plus cisplatin. The median 
total radiation dose delivered was 60  Gy in fractionated 
doses of 2 Gy per day or 1.8 Gy per day. The regimens for 
CCT were 3 cycles of platinum, taxanes or a combination 
of both.

Overall survival

The main meta-analysis results for OS are shown in 
Fig. 2a. OS data were described in 5 trials, in which 530 
patients received CRT followed by CCT, and 506 patients 
received CRT only. The meta-analysis revealed a signifi-
cant difference in OS in stage IIIa or IIIb unresectable LA-
NSCLC patients who received CRT followed by CCT com-
pared to those who received CRT only (pooled HR  0.85; 
95% CI 0.73–0.99; P = 0.03; Z = 2.31). According to our 
result, LA-NSCLC patients may benefit from CCT. There 
was evidence of significant heterogeneity between trials 
(χ2 = 8.11; df = 4.0; I2 = 51%; P = 0.09).

Progression‑free survival

The main meta-analysis results for PFS are shown in 
Fig. 2b. PFS data were described in 4 trials, in which 448 
patients received CRT followed by CCT and 422 patients 
received CRT only. The meta-analysis revealed no signifi-
cant difference in PFS in stage IIIa or IIIb unresectable LA-
NSCLC patients who received CRT followed by CCT com-
pared to those who received CRT only (pooled HR  0.78; 

95% CI 0.60–1.02; P  =  0.07; Z  =  1.84). The random-
effects model was used, and there appeared to be evidence 
of significant heterogeneity between trials (τ2  =  0.04; 
χ2 = 6.07; df = 3; I2 = 55%; P = 0.08).

Overall response rate

Data regarding the overall response rate (ORR) were avail-
able in two trials with 623 patients. We defined ORR as CR 
plus PR. CCT followed by CRT compared with CRT alone 
had no statistically significant effect on ORR (RR  1.04, 
95% CI 0.91–1.19, P =  0.26, Fig.  3a). As there was no 
heterogeneity in the ORR of the effect across the included 
studies (I2 = 0%, P = 0.51), we carried out data analysis 
by the fixed-effects model.

Toxicity

During the CRT period, only three trials involving 810 
patients provided information on grade 3 or 4 adverse 
events. Neutropenia accounted for 20.24%, with esophagi-
tis being the next most common event (12.21%). Infection, 
fatigue, anemia, thrombocytopenia, febrile neutropenia and 
radiation pneumonitis accounted for 6.78, 6.18, 5.80, 5.67, 
4.44 and 0%, respectively (Table 2). During the CCT period, 
grade ≥3 non-hematologic toxic effects were analyzed. 
Data for radiation pneumonitis and esophagitis were avail-
able for 3 included trials, but esophagitis cannot be pooled. 
Data for infection were available for 2 included trials 
(Table 3). According to the pooled analysis for toxic effects, 

Fig. 2   a Forest plots of studies evaluating hazard ratios of OS for CCT followed by CRT compared to CRT alone; b forest plots of studies 
evaluating hazard ratios of PFS for CCT followed by CRT compared to CRT alone
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grade ≥3 radiation pneumonitis showed no statistical sig-
nificance between the two arms (RR  0.44, 95% CI 0.18–
1.12, P = 0.09, Fig. 3b). However, adding CCT after CRT 
may increase the risk of grade ≥3 toxic events of infection 

compared with CRT alone (RR  0.33, 95% CI 0.12–0.96, 
P  =  0.04, Fig.  3c). There was significant heterogeneity 
between the trials in the toxicity analysis for infection but 
no significant heterogeneity for radiation pneumonitis.

Fig. 3   a Forest plots of studies evaluating risk ratios of ORR for 
CCT followed by CRT compared to CRT alone; b forest plots of 
studies evaluating risk ratios of grade ≥3 radiation pneumonitis dur-

ing the CCT period in a fixed-effects model; c forest plots of studies 
evaluating risk ratios of grade ≥3 infection during the CCT period in 
a fixed-effects model

Table 2   Hematological and non-hematological adverse events of grade 3 or 4 during the CRT period

NR not reported

Adverse events Mutlu et al. [17] Ahn et al. [18] Liu et al. [19] Hanna et al. [11] Jalal et al. [20] Incidence (%)

Non-hematologic

 Radiation pneumonitis NR 0/420 NR NR NR 0

 Esophagitis NR 40/420 NR NR 41/243 12.21

 Infection NR 27/420 NR NR 18/243 6.78

 Fatigue NR 15/420 NR NR 26/243 6.18

Hematologic

 Anemia NR 23/420 NR 9/147 15/243 5.80

 Neutropenia NR 11/420 NR 47/147 106/243 20.24

 Febrile neutropenia NR 4/420 NR 9/147 23/243 4.44

 Thrombocytopenia NR 2/420 NR 16/147 28/243 5.67



234	 Int J Clin Oncol (2017) 22:229–236

1 3

Discussion

Due to its high incidence and mortality rate, more effective 
treatment is urgently needed for the treatment of NSCLC. 
According to the National Comprehensive Cancer Network 
guidelines, the treatment for unresectable LA-NSCLC 
is definitive CRT. The combination of systemic chemo-
therapy and thoracic RT has been established as the stand-
ard of care for patients with stage III NSCLC, as it pro-
longs OS [21]. Concurrent CRT is superior to a sequential 
approach, as shown by phase III trials in stage III NSCLC 
[22, 23]. However, no significant progress in the strategy 
of treatment has been made recently [24]. Currently, lit-
tle is known about the efficacy of CCT after concurrent 
CRT. The outcome of LA-NSCLC is relatively poor, with 
a high possibility of residual disease after definitive CRT. 
Thus, some clinical trials have gradually investigated the 
role of additional CCT. Against this background, we pre-
sent a meta-analysis to evaluate the efficacy and toxicity of 
CCT followed by CRT versus CRT alone in the treatment 
of LA-NSCLC.

We identified five trials that evaluated the efficacy and 
toxicity of CCT followed by CRT versus CRT alone for 
LA- NSCLC. We comprehensively searched literature 
regardless of published year and language. Our meta-anal-
ysis showed that the addition of CCT after concurrent CRT 
significantly prolonged OS (pooled HR 0.85; 95% CI 0.73–
0.99; P =  0.03). In accordance with our meta-analysis, a 
number of pilot studies have been reported, some of which 
have shown encouraging results [25, 26], and have sug-
gested that concurrent CRT followed by CCT is clinically 
viable, based on median survival in patients with unresect-
able stage III NSCLC. Furthermore, the results of S9504, a 
Southwest Oncology Group (SWOG) phase II trial, found 
consolidation docetaxel after concurrent CRT in stage 
IIIB NSCLC was feasible and generally tolerable, and 

the results compared favorably with the predecessor trial 
S9019 [27, 28]. Therefore, according to our meta-analysis, 
patients may benefit from the addition of CCT after concur-
rent CRT with prolonged OS.

In addition, our results revealed that the addition of CCT 
did not improve PFS (pooled HR 0.78, 95% CI 0.60−1.02, 
P = 0.07) and ORR (pooled RR 1.04, 95% CI 0.91–1.19, 
P =  0.26). Although PFS data were described in 4 trials, 
only the data from Mutlu et al. [17] confirmed the use of 
CCT according to PFS. In our meta-analysis, it was noted 
that the trial by Liu et al. [19] reported conflicting results 
between OS and PFS. Patients in the CCT group achieved 
significant survival prolongation compared to those in the 
non-CCT group (median OS 27 vs 16 months; 5-year OS 
30.4 vs 22.5%; P  =  0.012). However, median PFS and 
5-year PFS were 12 months and 21.8% in the CCT group 
and 9  months and 21.4% in the non-CCT group, respec-
tively (P = 0.291). This may be an important factor influ-
encing our PFS results.

Whether CCT increases toxicity is also a concern. A 
phase I and phase II trial by Horinouch et  al. [29] indi-
cated that the higher pulmonary toxicities in the CCT group 
might be related to consolidation docetaxel. A relatively 
higher frequency of pulmonary complications was also 
reported in the experimental arm of the previous phase III 
trial that examined docetaxel as a consolidation therapy 
after concurrent CRT [30]. Our meta-analysis found the 
opposite result. Grade ≥3 radiation pneumonitis showed 
no statistical significance between the two arms (P = 0.09) 
during the CCT period. Of these studies, the trial by Ahn 
et al. [19] determined that CRT with weekly docetaxel plus 
cisplatin (DP) is a feasible regimen with acceptable toxic-
ity. The trial by Liu et  al. [19] found that CCT may pro-
long survival without increasing treatment-related toxicity. 
In addition, we noted that the incidence of neutropenia was 
the most common event, accounting for 20.24%, followed 
by esophagitis (12.21%) during the CRT period. Adding 
CCT after CRT may increased the risk of grade ≥3 toxic 
events of infection compared with CRT alone (P = 0.04). 
Our analysis may not be able to detect other small differ-
ences in toxicity because many included studies lacked 
effective data.

At present, there is still no clear evidence that CRT 
followed by CCT improves survival in patients with LA-
NSCLC compared to patients receiving CRT alone. The 
role of additional CCT is controversial, and few ongoing 
trials have explored the significance of CCT. Therefore, our 
meta-analysis may have guiding significance for the treat-
ment of LA-NSCLC. To the best of our knowledge, CCT 
has been routinely incorporated in many ongoing trials.

This study has several limitations. As the meta-analysis 
is based on the results of published articles and several 
steps of integration, certain biases are therefore inevitable. 

Table 3   Adverse events of grade ≥3 during the CCT period

NR not reported, vs versus (CRT + CCT vs CRT only)

Adverse events Radiation pneu-
monitis

Esophagitis Infection

Mutlu et al. [17] NR NR NR

Ahn et al. [18] 2/173 vs 2/171 2/173 vs 3/171 4/173 vs 5/171

Liu et al. [19] 3/90 vs 6/113 0/90 vs 0/113 NR

Hanna et al. 
[11]

1/73 vs 7/74 0/73 vs 0/74 0/73 vs 8/74

Jalal et al. [20] NR NR NR

Total 6/336 vs 15/358 2/336 vs 3/358 4/246 vs 13/245

Risk ratios 
[95% CI]

0.44 [0.18, 
1.12]

– 0.33 [0.12, 0.96]

P values 0.09 – 0.04
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Heterogeneity was found in the meta-analysis for OS of the 
prognostic role of CCT (I2 = 51%, P = 0.09). The heter-
ogeneity mainly originated from the studies by Ahn et al. 
[11], Jalal et  al. [20], and Hanna et  al. [11]. These stud-
ies exhibited conflicting survival outcomes. Although the 
patient characteristics, trial phase, study period, and tumor 
grade of the trials did not significantly differ between CRT 
followed by CCT and CRT alone, we cannot exclude the 
possibility that other differences may have affected our 
conclusions. For example, CRT and CCT regimens as well 
as the number of patients receiving each treatment may 
have varied. Moreover, publication bias may also have been 
a problem. Although we searched systematically, some fac-
tors may still have introduced bias. For example, positive 
results tend to be accepted by journals, and unpublished 
papers and abstracts were excluded because the required 
data were not available. Fortunately, the funnel plot showed 
no significant publication bias, suggesting that the statistics 
obtained approximate the actual results. The funnel plots 
are shown in Fig. 4a, b.

In conclusion, this meta-analysis showed that CCT after 
concurrent CRT may provide additional benefits in the 
treatment of LA-NSCLC. However, the therapy schedule 
may not improve PFS and ORR. The toxicities are contro-
versial and further assessment is warranted. More clinical 
studies are necessary to establish appropriate CCT regi-
mens and other novel treatment strategies to prolong sur-
vival and increase the cure rate of patients with stage III 
inoperable LA-NSCLC.
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