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In the potentially resectable cases of stage III-N2 non-small-cell lung cancer (NSCLC), the optimal post-operative treat-
ment regimen for these patients is uncertain and post-operative radiation therapy (PORT) with chemotherapy is typically 
recommended. Our aim was to reassess the data of PORT on overall survival (OS) and disease-free survival (DFS) in stage 
III-N2 NSCLC, in order to figure out whether PORT might lead to a moderate improvement in local control and survival 
besides resection and adjuvant chemotherapy. A comprehensive search strategy was performed in EMBASE, PubMed, and 
Cochrane Library for relevant studies comparing PORT combined with adjuvant chemotherapy or adjuvant chemotherapy 
alone on OS and DFS in resectable stage III-N2 NSCLC. Data were extracted to estimate the effects of PORT on OS and 
DFS. Eleven studies with 8,928 patients were included. This meta-analysis demonstrated a trend in improving OS associated 
with the use of PORT (HR=0.88; 95% CI, 0.76 to 1.03; p=0.11) and a significantly difference of effect on DFS associated 
with the use of PORT (HR=0.78; 95% CI, 0.66 to 0.92; p=0.003). In a subgroup analysis on Caucasian patients, there was 
a statistically significant benefit (HR=0.88; 95% CI, 0.81 to 0.96; p=0.003) on OS for PORT. Our findings demonstrate that 
in the postoperative treatment for patients with stage III-N2 NSCLC, PORT is associated with improved OS and leads to a 
significantly increased DFS. 
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Despite advances in tobacco control and multimodality 
treatment in the past few decades, lung cancer remains a 
major cause of cancer-related mortality in most countries, 
over 80% of which is of non-small cell cancer (NSCLC), and 
approximately 35% of these patients afflicted with locally 
advanced non-metastatic disease (stage III) [1]. Surgery 
offers the only potential cure for patients suffered from 
NSCLC, although only about one-fifth of the patients are 
eligible for radical resection, and the postsurgical survival 
rate of patients with stage III NSCLC is extremely poor [2]. 
Since the 1960s, adjuvant chemotherapy has been applied for 
treating NSCLC, which is proved effective and is considered 
as a standard treatment option following surgically resected 
(Stage IB (>4 cm)-IIIA) NSCLC presently [3]. External beam 
radiation therapy can be taken into account for multimo-
dality treatment of resectable stage III NSCLC, whether 
administered before or after surgical resection, however, 
conflicting and inconclusive results make the application of 

radiotherapy elusive [4]. For those patients who have received 
combination modality approach, including chemotherapy, 
radiation, and/or surgery, the current 5-year survival rate 
for stage III NSCLC is approximately 20–25% [5, 6]. Many 
patients already have an advanced form of NSCLC when they 
are first diagnosed, for patients with clinically or pathologi-
cally staged III-N2 operable NSCLC, there is still a consid-
erable debate among many organizations and cooperative 
groups regarding the best strategy of comprehensive treat-
ment [7]. As a consequence, the standard treatment options 
for patients with resectable stage III-N2 NSCLC remain 
controversial.

In most cases of stage III-N2 NSCLC, concurrent or 
sequential chemoradiotherapy depending on patients’ 
physical status is considered as a standard treatment. Alter-
natively, for patients with potentially resectable stage III-N2 
NSCLC, a surgical multimodality treatment can be offered 
in an attempt to improve survival. The optimal postoperative 
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treatment regimen for these patients is uncertain, whereas 
post-operative radiation therapy (PORT) with chemotherapy 
is typically recommended. In pN2 patients having received 
complete resection and adjuvant chemotherapy, the risk of 
locoregional relapse is still 20–40% [8, 9], emphasizing the 
need for additional therapy to improve locoregional control. 
Several trials have been conducted to investigate the role of 
PORT in NSCLC, of which the results revealed improved 
local control and a trend towards improved disease-free 
survival (DFS), but no overall survival (OS) benefit [10, 11]. 
A large retrospective population-based cohort study based 
on 7,465 patients from Surveillance, Epidemiology and End 
Results databases found that PORT was associated with a 
significant increase in survival in patients with N2 NSCLC. 
Of note, in this study, the use of PORT impaired survival in 
patients with N0 and N1 disease [12]. Another retrospective 
study based on 3,395 patients from the National Cancer Data 
Base indicated that PORT utilization trend to improve overall 
survival across all nodal stages in patients with incompletely 
resected stage II or III N0–2 NSCLC [13]. Despite the incon-
sonant results of impaired survival in N0 and N1, possible 
benefit of PORT in resectable N2 NSCLC was confronted 
with challenges. A meta-analysis based on individual patient 
data of 2,128 participants from 9 trials showed a significantly 
adverse effect of PORT on OS with an 7% lower survival 
rate at two years (48% vs. 55%) in patients with completely 
resected NSCLC, but did trend a possible benefit of survival 
in the pN2 subgroup [14]. Following update of this meta-
analysis based on individual patient data of 2,343 partici-
pants from 11 trials demonstrated PORT decreased the 
survival rate at two years by 6% (53% vs. 58%) of the whole 
patient group, and the newest update published in 2010 with 
new trials came to the same conclusion [15, 16].

Many phase III trials have proven the advantageous effect 
of adjuvant chemotherapy [17, 18]. In contrast with the 
consistent conclusions of adjuvant chemotherapy, whether 
PORT or not remains controversial. The aim of this meta-
analysis is to reassess the data of PORT on OS and DFS in 
stage III-N2 NSCLC, in order to figure out whether PORT 
might lead to a moderate improvement in local control and 
survival besides resection and adjuvant chemotherapy.

Materials and methods

Literature sources. A comprehensive search strategy was 
performed in the following electronic databases: EMBASE, 
PubMed, and Cochrane Library, for English language trials 
published from 1990 to July 2018, using the medical subject 
headings (Mesh) combined by (Carcinoma, Non-Small-
Cell Lung) AND (Surgery) AND (Chemoradiotherapy, 
Adjuvant) together with all other variable search terms. 
Reference records of relevant book chapters and publica-
tions were additionally searched. The proceedings of the 
most important international meetings in thoracic oncology 
were searched for studies published only as abstracts. Two 

reviewers independently evaluated the literatures, and 
screened titles and abstracts to identify potentially eligible 
articles. Any discrepancies were resolved by discussion and 
a third reviewer was consulted to achieve consensus when 
necessary. Results of the eligible articles are displayed in 
Table 1.

Inclusion and exclusion criteria. All available random-
ized controlled trials and retrospective comparative studies 
that compared the combination of PORT and adjuvant 
chemotherapy with adjuvant chemotherapy alone in resected 
N2 NSCLC were included. Editorials comments, letters to 
editors, conference abstracts, case reports, review studies and 
experimental cell or animal studies were excluded. The inclu-
sion criteria include 1) studies on locally advanced or stage 
III N2 NSCLC patients who underwent adjuvant chemo-
therapy after surgical resection alone (no-PORT group) or 
that combined with PORT (PORT group), regardless the 
sequencing of chemotherapy and radiotherapy; 2) full texts 
and adequate data on OS, DFS (e.g., survival curves, hazard 
ratios and 95% confidence interval) for both the groups 
were available; 3) studies that were published and written in 
English.

Outcome measurement. Data associated with the 
following were extracted from the included articles: author 
names, year of publication, accrual period, patient source, 
study design, number of patients in the PORT group and 
the no-PORT group, disease stage, extent of resection, 
neo-adjuvant and adjuvant treatments, and data on OS and 
DFS of each group. The authors of the original articles were 
contacted for further information if relevant results were 
unclear.

The primary end point was OS and the secondary end 
point was DFS. For these time-to-event outcomes, the most 
appropriate statistic is the hazard ratio (HR) and associated 
95% confidence intervals [CI]. The HRs and associated 95% 
CIs were extracted directly if offered in the results. Otherwise, 
they were estimated indirectly from other available statistics 
or from data extracted from reported Kaplan-Meier curves 
[19], using the statistical methods provided by Parmar et al. 
[20] and Tierney et al. [21].

We used the Newcastle–Ottawa Scale [22] to systematically 
assess the included retrospective studies. The methodological 
quality of included RCTs were assessed in terms of random 
sequence generation (selection bias), allocation conceal-
ment (selection bias), blinding of participants and personnel 
(performance bias), blinding of outcome assessment (detec-
tion bias), incomplete outcome data (attrition bias), selec-
tive reporting (reporting bias) and other bias by using the 
Cochrane collaboration’s tool for assessing risk of bias [23]. 
Two authors independently performed the data extraction 
and statistical work and evaluated each article.Statistical 
Analysis. This meta-analysis was carried out according 
to the PRISMA guidelines and the Cochrane Collabora-
tion Guidelines [24] and had registered in the international 
prospective register of systematic reviews (PROSPERO). 
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Data were managed and analyzed using 
the RevMan software (Review Manager, 
version 5.3 for Windows). Statisti-
cally significant difference was set at a 
two-sided p-value less than 0.05. The 
statistical heterogeneity among various 
studies was evaluated by a visual inspec-
tion of forest plots and quantified 
using Chi2 test, and the inconsistency 
was tested using I2 statistic. Random-
effects model was applied to hazard 
ratio (HR) analysis if the heterogeneity 
exists (I2 values >50%, p-value <0.05), 
otherwise fixed-effects model would be 
used. Subgroup analyses were further 
conducted according to study design 
and ethnicity.

Results

Overview of searching results. As 
shown in Figure 1, we identified 483 
unique citations by the comprehen-
sive search, of which 276 potentially 
relevant references were identified 
through initial title screening. Then 16 
records were selected based on their 
titles, abstracts and article types, which 
were obtained as full-text articles and 
evaluated for inclusion and exclusion 
criteria. After full publication review, 
11 studies [25–35] comparing PORT 
and no-PORT combined with adjuvant 
chemotherapy after surgical resection in 
stage III N2 NSCLC patients were finally 
included for evidence synthesis.

Characteristics of included 
studies. The characteristics of the 
studies included in this meta-analysis 
are summarized in Table 1. A total 
of 8,928 patients from 11 studies 
published from 2007 to 2017 were 
included, with 3,185 (35.67%) patients 
receiving PORT plus adjuvant chemo-
therapy and 5,743 (64.33%) under-
going adjuvant chemotherapy alone. 
Among the 11 studies, three of them 
were randomized-controlled trials [31, 
33, 34] (237 patients), four were multi-
center retrospective studies [27, 28, 
32, 35] (7,748 patients) and four were 
single-center retrospective studies [25, 
26, 29, 30] (907 patients); four studies 
were from United States of America 
(7,602 patients), and seven from Asia Ta
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Overall survival. Survival data were available for all 11 
studies. For five studies [25, 27, 29–31], the p-values, number 
of events and the Kaplan-Meier curves were reported; and 
for the other six studies [26,28,32–35], the hazard ratio and 
confidence intervals were available. As shown in Figure 2, the 
combined results demonstrated a trend in improving survival 
associated with the use of PORT (p=0.11) with a hazard ratio 
of 0.88 (95% CI, 0.76 to 1.03); a moderate heterogeneity 
(p=0.02; I2=54%) between study results, suggesting that the 
studies were moderately similar to be combined, thus the 
random-effects model was chosen.

(1,326 patients). All studies were sufficiently powered 
to evaluate OS and six studies were sufficiently powered 
to evaluate DFS [27, 29–31, 33, 34]. One study reported 
neo-adjuvant chemotherapy [29], five studies reported no 
neo-adjuvant treatment [25, 26, 28, 31, 32, 35] and four 
studies had no relevant content reported [27, 30, 33, 34]. 
Extent of resections comprised sublobar resection, lobec-
tomy, bi-lobectomy, pneumonectomy, sleeve lobectomy, 
thoracotomy and mediastinal lymphadenectomy. Adjuvant 
treatments included PORT with adjuvant treatment, PORT 
alone, adjuvant treatment alone and observation.

Figure 1. The flowchart of study identification procedure.

Figure 2. The forest plot of HRs for OS among the included studies.
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Overall survival by ethnicity and study design. As 
shown in Figure 3A, there was a statistically significant 
benefit (HR=0.88; 95% CI, 0.81 to 0.96; p=0.003) on OS for 
PORT in the studies based on Caucasian patients, repre-
senting an overall 12% relative reduction in the risk of death. 

Heterogeneity among 4 studies was not significant (p=0.19; 
I2=38%), therefore, a fixed-model effect was used in this 
analysis. A trend in increased OS was also observed in Asian 
patients who received PORT (HR=0.86; 95% CI, 0.64 to 1.15; 
p=0.11), as shown in Figure 3B. The heterogeneity test was 

Figure 3. The forest plot of HRs for OS based on Caucasian patients (A), as well as based on Asian patients (B) among the included studies.

Figure 4. The forest plot of HRs for OS among the four RCT trials (A), as well as among retrospective studies (B).
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significant (p=0.01), and the I2 index indicated that 63% of 
the variability across trials was due to heterogeneity rather 
than chance, which led to use of random-effects model for 
analysis.

As shown in Figure 4A, significant heterogeneity among 
the four RCT trials was not found (p=0.23; I2=32%) and 
a fixed-model effect was used in further analysis. The 
combined HR of these trials was 0.85 (95% CI, 0.61 to 1.18), 
which was not a statistically significant result (p=0.33) 
and favored PORT. As presented in Figure 4B, there was a 
moderate heterogeneity (p=0.009; I2=62%) among retrospec-
tive study results and the random-effect model was applied 
in these analyses. In addition, the effect of PORT on survival 
did not differ significantly with adjuvant chemotherapy alone 
(HR=0.89; 95% CI, 0.75 to 1.05; p=0.15).

Disease free survival. Disease free survival data were 
available for all 6 studies. For four studies [27,29–31,33], 
the p-value, number of events and the published curve were 
available; and for the other two studies [34] the hazard ratio 

and confidence intervals were available. As shown in Figure 
5, significant heterogeneity among the 6 trials was found with 
a p-value of 0.38 and the I2 index indicated that 6% of the 
variability across studies was due to heterogeneity rather than 
chance, resulting in the utilization of fixed-effects model for 
further analysis. We found significantly difference of effect on 
DFS between PORT combined with adjuvant chemotherapy 
and adjuvant chemotherapy alone (HR=0.78; 95% CI, 0.66 to 
0.92; p=0.003).

Disease free survival by study design. As presented in 
Figure 6A, there was no significant heterogeneity (p=0.38; 
I2=0%) among RCT trial results, suggesting that the trials 
were similar enough to be combined. The fixed-effects model 
was therefore chosen, and the combined results showed a 
trend in improving DFS associated with the use of PORT 
(p=0.13) with a hazard ratio of 0.80 (95% CI, 0.60 to 1.07). 
The heterogeneity test of 3 retrospective studies was not 
significant (p=0.19), the I2 index indicated that 40% of the 
variability across studies was due to heterogeneity rather 

Figure 5. The forest plot of HRs for DFS among the included studies.

Figure 6. The forest plot of HRs for DFS among the four RCT trials (A), as well as among retrospective studies (B).
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than chance as shown in Figure 6B. Increased DFS was also 
observed in patients who received PORT with a significant 
combined HR of 0.77 (95% CI, 0.63 to 0.94; p=0.01).

Quality assessment. As summarized in Table 1, the eight 
eligible retrospective studies were systematically assessed by 
the Newcastle–Ottawa Scale, scored range from 6 to 8 out 
of 9, and represented fairly high quality studies that led to 
less distortion of the summary effect estimate. The bias 
assessment of the three included RCTs were evaluated by 
the Cochrane collaboration’s tool for assessing risk of bias as 
shown in Figure 7. There is no indication of significant bias 
among the included RCTs.

Discussion

Resectable, stage III-N2 NSCLC is related to a high risk 
of developing local recurrences and distant metastases. The 
poor prognosis after surgery had led to efforts to add postop-
erative treatments (chemotherapy and/or radiotherapy), 
hoping to optimize long-term outcomes by reducing the 
tumor progression. At present, there is sufficient evidence to 
demonstrate that adjuvant chemotherapy is expected to act as 
a standard treatment for patients with resected stage III-N2 
NSCLC [17,18]. However, the evidence for application of 
PORT is still inconsistent. Our meta-analysis summarized all 
the studies regarding PORT on OS and DFS in stage III-N2 
NSCLC. Based on the available published data, our results 

revealed that the use of PORT has a tendency to prolong OS 
(HR=0.88; 95% CI, 0.76 to 1.03; p=0.11) and to significantly 
improve DFS (HR=0.78; 95% CI, 0.66 to 0.92; p=0.003). 
However non-significant and small the benefit of OS is, it is 
not surprising because this analysis involved only three RCTs 
and eight retrospective studies. The postoperative therapies 
included both sequential chemoradiotherapy and concurrent 
chemoradiotherapy and possibly selected patients for PORT, 
and the excess toxicity, particularly threatening cardiac and 
pulmonary toxicity together with non-cancer related deaths 
were also observed in these studies, which ineluctably led to 
uncertain conclusions. In fact, many studies demonstrated 
more benefit on survival with the application of PORT. A 
phase III study showed that compared with chemotherapy 
alone, PORT in addition to chemotherapy significantly 
improved 5-year survival to 47.4% (vs. 34%) for pN2 disease, 
although this study was neither randomized nor mandatory 
[36]. Further, a recent updated meta-analysis of 16 trials 
comprising 3,278 patients indicated that PORT with modern 
techniques significantly improved locoregional recurrence-
free survival, DFS and OS in patients with resectable stage 
IIIA–N2 NSCLC, with or without induction and/or adjuvant 
chemotherapy [37]. 

Considering that different ethnicities and study designs 
might result in different outcomes of OS and DFS, we 
analyzed the OS and DFS based on different subgroups. 
As shown in the results, there was a statistically significant 

Figure 7. The bias assessment of the three included RCTs evaluated by the Cochrane collaboration’s tool.
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benefit (HR=0.88; 95% CI, 0.81 to 0.96; p=0.003) on OS for 
PORT in the studies based on Caucasian patients, and a 
trend in increased OS was also observed in Asian patients 
who received PORT (HR=0.86; 95% CI, 0.64 to 1.15; p=0.11) 
but the heterogeneity test was significant. However, the 
effect of PORT on survival did not differ significantly based 
on RCTs or retrospective studies. Compared with other 
studies [12,13], the effect of PORT on survival is similar. As 
for the local recurrence, which remained a crucial challenge 
with PORT. This meta-analysis demonstrated a trend in 
improving DFS associated with the use of PORT (p=0.13) 
with a hazard ratio of 0.80 (95% CI, 0.60 to 1.07) and no 
significant heterogeneity (p=0.38; I2=0%) between RCT trial 
results, on the other hand, increased DFS was also observed 
in patients who received PORT with a significant combined 
HR of 0.77 (95% CI, 0.63 to 1.18; p=0.01) from the three 
retrospective studies. Many hospitals used old subop-
timal radiation techniques, and large treatment fields and 
Cobalt-60 radiation were criticized for being responsible 
for locoregional toxicity. In consequence, accompanying 
with the improvement of radiotherapy technologies such as 
standard fractionation, three-dimensional conformal radia-
tion therapy (3DCRT), and intensity-modulated radiation 
(IMRT), the benefits of PORT were gradually shown up 
[38]. Previous meta-analysis have shown that the adverse 
effect of PORT is not significant for patients with stage 
III-N2 NSCLC [14]. Another meta-analysis of eleven phase 
III trials (2,387 patients) indicated that PORT utilization 
of linear accelerators decreased local recurrence with the 
most significant effect [39]. Further, the arrival of highly 
conformal IMRT greatly reduced the toxicity of PORT [40]. 
Dose escalation of PORT might reveal promising results for 
optimizing radiotherapy. Conventional radiation therapy 
already showed improvement of therapeutic effect in stage 
III NSCLC by increasing dosage, but toxicity was still a 
problematic issue to be addressed [41]. Via individualized, 
isotoxic, accelerated radiotherapy (INDAR), over 80 Gy 
biological doses could be administrated with toxicity levels 
comparable to 65 Gy [42]. Although the patients recovering 
from the adverse effects of surgical resection and adjuvant 
chemotherapy may be less tolerant to the toxicity of PORT, 
more evidences have demonstrated that PORT is related to 
improving both OS and DFS with lower toxicity by modern 
radiation techniques, helping patients with stage III-N2 
NSCLC to complete the entire course of multimodality 
treatments.

It should be noted that our study has several limitations. 
First, the included studies are moderately heterogeneous in 
OS, which may affect the pooled estimation. Second, there 
are potential distortion of the summary effect estimate by 
retrospective studies and possible biases from participants, 
personnel and outcome assessment by RCTs, as well as the 
medium sample size of the latter. Third, no data in this study 
implies the relationship among extent of resections, incom-
pletely resected types, and PORT techniques with clinical 

outcomes on survival. Finally, the III-N2 category was not 
a homogeneous group or the changes in stage III disease of 
8th edition TNM classification applied from January 2017, 
so we could not predict which specific kind of patients might 
benefit from PORT.

We only concentrated on stage III-N2 NSCLC patients 
who had received chemotherapy with or without PORT after 
surgery to make sure we collected the appropriate data of 
interest for our study. This meta-analysis provides evidences 
that PORT is associated with improved OS and leads to a 
significantly increased DFS. Further exploration is needed to 
examine the effects of different radiotherapy techniques and 
doses on survival. More precise classification of patients and 
combined modality therapy will help answer some questions 
for the superior approach of resectable, stage III-N2 NSCLC.
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