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Abstract

Background: The role of postoperative radiotherapy (PORT) in completely resected pathological
stage IlIA-N2 (pllIA-N2) non-small cell lung cancer (NSCLC) remains controversial. This
meta-analysis aimed to assess the effect of PORT in patients with pllIA-N2 NSCLC on the basis of
clinicopathological features.

Methods: The PubMed, PubMed Central (PMC), Embase, Web of Science, and Cochrane Library
were searched for relevant studies. The main outcomes were overall survival (OS) and disease-free
survival (DFS), which were compared using the hazard ratio (HR).

Results: One randomized trial and 12 retrospective studies were eligible for the analysis. PORT
significantly improved both OS [HR = 0.85; 95% confidence interval (Cl): 0.79-0.92] and DFS (HR =
0.57; 95% Cl: 0.38-0.85) compared with non-PORT treatment in patients with multiple N2
metastases or multiple N2 station involvement. No significant difference in either OS (HR = 1.03;
95% Cl: 0.86—1.24) or DFS (HR = 1.08; 95% CI: 0.70-1.65) was found between PORT and
non-PORT groups for patients with single N2 station involvement. No significant heterogeneity was
observed. No significant differences in OS were observed between PORT and non-PORT groups
for patients of different ages, sex, tumor sizes or pT stages, and histological types.

Conclusions: The findings of this meta-analysis supported a role for PORT in patients with
completely resected pllIA-N2 NSCLC having multiple N2 metastases and favored withholding
PORT to patients with single N2 station involvement. Further prospective randomized controlled

trials are needed to confirm the findings.

Key words: Non-small cell lung cancer; Stage IIIA-N2; Postoperative radiotherapy; Clinicopathological features;
Meta-analysis.

Introduction

Non-small cell lung cancer (NSCLC) remains the
leading cause of cancer-associated mortality globally
[1-3]. Surgical resection followed by adjuvant
platinum-based chemotherapy is still considered as
the mainstay of treatment for most resectable cases.

However, for pathological stage IIIA-N2 (pIIIA-N2)
NSCLC, the risk of locoregional recurrence (LRR)
remains as high as 20%-40%, which is independently
associated with worse OS [4-6]. Based on these
considerations, postoperative radiotherapy (PORT)
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has been attempted to reduce LRR and increase OS for
patients with plIIA-N2 disease. Unfortunately, a
previous meta-analysis of randomized controlled
trials (RCTs) demonstrated no benefit with PORT; the
use of PORT could even result in a decrease in OS [7].
The meta-analysis was criticized due to the use of
older two-dimensional radiation techniques, which
might have led to additional toxicities no longer seen
in a modern treatment population [8-9]. Recently, a
number of high-quality cohort studies have
demonstrated the role of PORT in patients with
pIIA-N2 NSCLC under the modern treatment model
[10-12]. However, improvement in survival has been
limited, and not all patients benefit from PORT in the
subgroup analyses.

Actually, patients with stage pIIIA-N2 NSCLC
are a heterogeneous group with different
clinicopathological features. Several
clinicopathological factors have been reported to be
associated with different survival rates, such as
number of N2 metastases, number of N2 stations
involved, tumor size, histological type, age, and sex
[11,13-17]. These indicate that treatments for plIIA-N2
NSCLC should be individualized. Some studies have
investigated the role of PORT according to
clinicopathological features, but individual reports
have been conflicting [14-26]. It is necessary to define
patients who would benefit most from PORT.

In light of these critical issues, this systematic
review and meta-analysis of currently available
findings was performed to assess the effect of PORT
in patients with pllIA-N2 NSCLC having
clinicopathological features.

Materials and Methods

This meta-analysis was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) criteria [27].

Literature search strategy

PubMed, PubMed Central (PMC), Embase, Web
of Science, and the Cochrane Library were searched
for the available studies published before November
8, 2018, using the strategy as follows: (nonsmall cell
lung cancer [Title/ Abstract]) AND (stage IIIA-N2
[Title/ Abstract]) AND ((postoperative
[Title/ Abstract]) OR (adjuvant [Title/ Abstract]))
AND ((radiotherapy [Title/ Abstract]) OR (radiation
therapy [Title/Abstract]) OR (chemoradiotherapy
[Title/ Abstract])). Further details of the search
strategy are shown in Supplementary material. All
published papers with available full texts were
retrieved. The reference lists of retrieved studies were
manually scanned for relevant additional studies
missed by the electronic search. The study did not

involve any experiment on humans or animals.
Therefore, ethical approval was not necessary.

Inclusion and exclusion criteria

Studies were included if they met the following
criteria: (1) types of studies: RCT, or prospective or
retrospective cohort study; (2) types of participants:
completely resected pIIIA-N2 NSCLC; (3) types of
interventions: compared surgical resection with or
without PORT according to clinicopathological
features; and (4) outcome: reported survival (OS
and/or DFS) data. If multiple articles covered the
same study population, the study with the most
recent and complete survival data was used. Studies
were excluded if any of the following criteria were
applied: (1) letters, editorials, case reports, and
reviews; and (2) survival data could not be extracted
from the literature.

Data extraction

The data were extracted by two investigators
independently, and the consensus was reached in the
case of any discrepancy for all the data. The following
data were extracted from each study: first author,
years of publication, duration of the study, country of
origin, numbers of patients with different
clinicopathological features, study design, and
time-to-event data (OS and DEFS). In case the studies
did not report sufficient data, the authors of those
studies were contacted for further information by
e-mail if possible.

Quality assessment

The Newcastle-Ottawa Quality Assessment
Scale (NOS) was used to assess the quality of
retrospective studies [28]. The NOS comprised three
items: patient selection, comparability of the study
groups, and assessment of outcomes. The quality of
each cohort study was scored on a scale ranging from
0 to 9 by two independent researchers. Six stars or
greater was considered to denote sufficiently
high-quality studies.

The methodological quality of RCT was assessed
by Cochrane risk of bias tool [29], which consists of
the following five domains: sequence generation,
allocation concealment, blinding, incomplete data,
and selective reporting. A RCT was finally rated as
“low risk of bias” (all key domains indicated as low
risk), “high risk of bias” (one or more key domains
indicated as high risk), and “unclear risk of bias”.

Statistical analysis

Data were statistically analyzed using the
software ~ Review  Manager 53  (Cochrane
Collaboration, Oxford, UK) and Stata MP14.0 (Stata
Corporation, TX, USA). Hazard ratios (HRs) and their
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95% confidence intervals (CIs) were used as summary
statistics for OS in the present meta-analysis because
the median survival or survival rates at a specific
point in time were not expected to be reliable
surrogate measures for the pooled survival analysis.
Crude HRs with 95% CIs were either extracted
directly from the original reports or calculated using
the Kaplan-Meier curves based on the methods of
Parmer et al. [30] and Tierney et al. [31]. A statistical
test for heterogeneity was performed using the
chi-square (»?) and I-square (I?) tests with the
significance set at P <0.10 and/or > >50%. If
significant heterogeneity existed, a random-effects
analysis model was used; otherwise, a fixed-effects
model was used. The stability of the pooled results
was evaluated by a sensitivity analysis in which the
data of an individual study were removed each time.
The funnel plot, the Begg’s test [32], and the Egger’s
linear regression test [33] were performed to
investigate any potential publication bias. A P value
<0.05 was considered to be statistically significant.

Results

Literature search results and characteristics of
included studies

The literature search and study selection
procedures are shown in Figure 1. The initial search
from the electronic database retrieved 1417 studies.
After removing the duplicates, 923 citations were
identified. Of these, 827 were excluded through an
abstract review. The remaining 96 studies were
screened through a full-text review for further
eligibility. Further, 84 studies were excluded because
they did not meet the inclusion criteria. Finally, one
RCT and 12 retrospective studies were included in the
meta-analysis. Because two Surveillance,
Epidemiology, and End Results (SEER)-based studies
[16, 17] covered the same population of tumor size >3
cm, the one with fewer data [16] was excluded from
the subgroup analysis of tumor size >3 c¢cm, and the
study by Wang et al. [17] with more data was
retained. The characteristics of the eligible studies are

summarized in Table 1.

363 Pubmed
701 EMBASE
203 Web of Science

57 PMC

1417 Potentially relevant articles identified

93 Cochrane Collaboration databse

494 Duplications

v

4

and abstracts

923 Screened for eligibility using titles

827 Excluded

325 Irrelevant topic

A\ 4

502 Review, case report, letters,

meta-analysis, meeting abstract

96 Screened for full text articles

1 Study from

reference list

84 Excluded
9 No comparator

8 Compared neoadjuvant with adjuvant

v

therapy
62 Without a subset analysis of pN2

5 Failed to extract data

13 Studies including in the meta-analysis

Figure 1. Literature search and selection.
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Assessment of included studies

The two researchers showed good consistency in
assessing the quality of the included studies (Table 1).
All of the retrospective studies demonstrated a score
of 26 (Table 2). The quality of the included RCT was
relatively high (Adequate sequence generation: yes;
Allocation concealment: yes; Blinding: high;
Incomplete outcome: unclear; Free of selective
reports: yes).

Comparison of survival between the PORT
and non-PORT groups for patients with
different statuses of mediastinal lymph node
metastasis

PORT was associated with significantly
improved OS (11 studies with 2687 patients; HR =
0.85; 95% CI: 0.79-0.92) and DFS (4 studies with 206
patients; HR = 0.57; 95% CI: 0.38-0.85) in patients with
multiple N2 metastases or multiple N2 station
involvement (Fig. 2A and 2B), and with no significant

Table 1. Baseline characteristics of included studies

heterogeneity (12 = 34%; P = 0.13; and I? = 23%; P =
0.27). In the subgroup analysis, no significant
difference in OS was observed between the PORT and
non-PORT groups for patients with multiple N2
station involvement (5 studies with 402 patients; HR =
0.90; 95% CI: 0.52-1.59; Preterogencity = 0.09). However,
when the study [20] investigating postoperative
concurrent radiochemotherapy = (POCRT) was
removed from the subgroup analysis, the difference in
OS became significant (HR = 0.72; 95% CI: 0.51-0.99)
with no significant heterogeneity (I> = 0%; P = 0.46).
No significant difference in either OS (8 studies with
1077 patients; HR = 1.03; 95% CI: 0.86-1.24) or DFS (4
studies with 218 patients; HR 1.08;, 95% CI:
0.70-1.65) was found between PORT and non-PORT
groups for patients with single N2 station
involvement (Fig. 3A and 3B). No significant
heterogeneity was observed (I2=0%; P = 0.85; and I2 =
0%, P =0.67).

First author/ Country Time No. of patients Study Study POCT RT RT dose Type of NOS
Year of origin range (PORT/non-PORT) language design (PORT/non-PORT) techniques median(Gy) surgery score
Matsuguma/2008 [14]  Japan 1986-2003  45/46 English RS 26.7%/13% NR 50.4 Lob/Pne 6
Wei/2017 [15] USA 2004-2013  1244/2090 English RS NA NR NR Sub/Lob/Pne 7
Kou/2018 [16] USA 2004-2013  1106/1843 English RS NA NR NR NR 7
Wang/2017 [17] USA 2004-2013  1198/2179 English RS NA NR NR Lob/Pne 7
Du/2009 [18] China 2000-2005  104/255 Chinese RS 73.1%/51.4% 2D NR Lob/Pne 6
Xu/2018 [19] China 2009-2012  89/157 English RS 98.9%/57.3% 3D 50.4 Lob/Pne 7
Sun/2017 [20] Korea 2009-2014 51/50 English RCT  100%*/100% 3D 50 Lob/Bilo/Pne -
Kim/2014 [21] Korea 2000-2011  41/178 English RS 100%/NA 2D+3D 54 Lob/Bilo/Pne 7
Hui/2014 [22] China 2003-2005 96/125 English RS NA 2D+3D 60 Lob/Pne 7
Cao/2014 [23] China 2008-2009  39/179 English RS 100%/71.5% 3D 50.4 Lob/Bilo/Pne/Wed 7
Pang/2017 [24] USA 2004-2011  9040/5419 English RS NA NR NR Lob/Bilo/Pne/Wed 7
Sawyer/1997 [25] USA 1987-1993  88/136 English RS NA NR 50.4 Lob/Pne/Wed 6
Chen/2009 [26] China 1987-2004  46/46 Chinese RS NA NR 56 Lob/Pne 6

Abbreviations: PORT, postoperative radiotherapy; POCT, postoperative chemotherapy; RT, radiotherapy; NOS, Newcastle-Ottawa Quality Assessment Scale score; NR, not
reported; 2D, two-dimensional radiotherapy; 3D, three-dimensional conformed radiotherapy; Lob, lobectomy; Pne, pneumonectomy; Sub, sublobectomy; Bilo, Bilobectomy;

Wed, wedge resection; RCT, randomized controlled trial; RS, retrospective cohort study.

*, concurrent chemoradiotherapy.

Table 2. Quality assessment of twelve retrospective studies using the Newcastle-Ottawa scale.

First author/ Selection Comparablity Outcome Score
year Item1 Item2 Item3 Item4 Itemb Item6 Item7 Item8 Item9
Matsuguma,/2008[14] * B X * B - - B - 6
Wei/2017[15] X X pS X X - P P - 7
Kou/2018[16] X % X X % - % % - 7
Wang/2017[17] % BS pS % P - P b - 7
Du/2009[18] X BS P X BS - - * - 6
Xu/2018[19] X X pS X X - P P - 7
Kim/2014[21] X % X X % - % % - 7
Hui/2014[22] % BS pS % P - P b - 7
Cao/2014[23] X BS P X BS - * * - 7
Pang/2017[24] X X pS X X - P P - 7
Sawyer/1997[25] % P * % P - - * - 6
Chen/2009[26] - - pS % P - b P B3 6

Abbreviations: -, zero point; %, one point. Item 1: representativeness of the exposed cohort; Item 2: selection of the nonexposed cohort; Item 3: ascertainment of exposure;
Item 4: demonstrating that the outcome of interest was not present at the start of the study; Item 5: comparability of cohorts on the basis of the design (study controls for the
most important factor); Item 6: comparability of cohorts on the basis of the design (study controls for other additional factors); Item 7: assessment of outcome; Item 8:
follow-up long enough for outcomes to occur; and Item 9: adequacy of follow-up of cohorts.
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Figure 2. Forest plots of HRs for OS and DFS in patients with multiple N2 metastases or multiple N2 station involvement. (A) OS; (B) DFS. Cl, Confidence interval; DFS,
disease-free survival; IV, inverse variance method; OS, overall survival; PORT, postoperative radiotherapy; SE, standard error.
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Figure 3. Forest plots of HRs for OS and DFS in patients with single N2 station involvement. (A) OS; (B) DFS. PORT: postoperative radiotherapy; Cl, Confidence interval; DFS,
disease-free survival; IV, inverse variance method; OS, overall survival; PORT, postoperative radiotherapy; SE, standard error.
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Figure 4. Sensitivity analysis for comparing OS between the PORT and non-PORT groups. (A) In studies investigating multiple N2 metastases or multiple N2 station
involvement; (B) in studies investigating single N2 station involvement. PORT, Postoperative radiotherapy.

Sensitivity analyses were carried out to assess
whether individual studies influenced the results.
When individual studies were removed one at a time
from the analyses for OS, the corresponding pooled
HRs were not markedly altered by any single study
(Fig. 4A and 4B), confirming the stability of the
presented results.

The Begg’'s and Egger’s test results indicated no
publication bias in terms of OS in studies
investigating PORT for multiple N2 metastases or
multiple N2 station involvement (P = 1.0 for Begg's
test; P = 0.82 for Egger’s test) and studies investigating
PORT for single N2 station involvement (P = 0.90 for
Begg's test; P = 0.15 for Egger’s test).

Comparison of OS between the PORT and
non-PORT groups in patients with other
clinicopathological features

No significant difference in OS was observed
between the PORT and non-PORT groups for either
patients with tumor size >3 cm or T2-3 tumors (8
studies with 8311 patients; HR 1.03; 95% CI:
0.87-1.22) (Fig. 5A) or patients with tumor size =3 cm
or T1 tumors (4 studies with 6742 patients; HR = 1.09;
95% CI: 0.80-1.49) (Fig. 5B) and with significant
heterogeneity (12 = 83%; P < 0.001; and I2 = 86%; P <
0.001).

No significant differences in OS were observed
between the PORT and non-PORT groups for age 260
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Figure 5. Forest plots of HRs for OS in patients with other clinicopathological features. (A) Tumor size >3 cm or T2-3 tumors; (B) tumor size =3 cm or T1 tumors; (C) age 260

years; (D) age <60 years.

years (5 studies with 10,044 patients; HR = 0.98; 95%
CI: 0.75-1.28; Preterogencity < 0.001) (Fig. 5C), age <60
years (3 studies with 1202 patients; HR = 0.94; 95% CI:
0.72-1.21; Pheterogeneity = 0.08) (Fig. 5D), patients with
squamous cell carcinoma (4 studies with 3814
patients; HR = 0.92; 95% CI: 0.64-1.33; Pheterogeneity <
0.001) (Figure. 6A), patients with adenocarcinoma (3
studies with 8129 patients; HR = 1.02; 95% CI: 0.52-2;
Preterogeneity = 0.05) (Fig. 6B), male (3 studies with 8746
patients; HR = 0.99; 95% CI: 0.65-1.5, Preterogeneity <
0.001) (Fig. 6C); and female (3 studies with 8014
patients; HR = 1.28; 95% CI: 0.99-1.65; Pheterogencity =
0.005) (Fig. 6D).

Discussion

To our knowledge, this is the first meta-analysis
to evaluate the role of PORT in completely resected
pIIA-N2 NSCLC on the basis of clinicopathological
features. It showed that PORT significantly improved
OS and DFS compared with non-PORT treatment in
patients with multiple N2 metastases or multiple N2
station involvement. No significant difference in
either OS or DFS was observed between the PORT
and non-PORT groups for patients with single N2
station involvement. No significant differences in OS
were found between the PORT and non-PORT groups
for patients of different ages, sex, tumor sizes or pT
stages, and histological types, but heterogeneity was
evident across the studies.

Multiple N2 metastases or multiple N2 station
involvement is associated with a high local recurrence
rate compared with single N2 station involvement [14,
34]. Therefore, a number of studies investigated the
efficacy of PORT for pIIIA-N2 NSCLC according to
the N2 metastasis status. Several retrospective studies

[14, 18, 19], including two population-based studies
[16,17], demonstrated the benefit of PORT in terms of
improving OS for patients with multiple N2
metastases or multiple N2 station involvement, but
not for patients with single N2 station involvement.
However, the subgroup analysis of a recent
randomized phase II study [20] revealed that
postoperative chemotherapy (POCT) alone was
favored compared with POCRT in patients with
multiple N2 station involvement. In the present
meta-analysis, PORT improved OS and DFS for
patients with multiple N2 LN metastases or multiple
N2 station involvement, but not for patients with
single N2 station involvement. However, no
significant difference in OS was found for multiple N2
station involvement in the subgroup analysis.
However, when the study [20] using POCRT was
removed from the subgroup analysis, the difference in
OS Dbecame significant, with no significant
heterogeneity. A more recent National Cancer
Database (NCDB)-based study [35] showed that
postoperative sequential chemoradiotherapy was
associated with improved survival over POCRT for
completely resected pN2 NSCLC; toxicity-related
factors might help explain these results. Other
schedules of PORT, such as early or late treatment
period of PORT [14] and PORT with or without POCT
[21], were also reported as related to different survival
outcomes. The results suggested that the schedule of
PORT might affect the efficacy of PORT. However, a
subgroup analysis according to the schedule of PORT
could not be performed due to the lack of detailed
information in  individual studies.  Further
well-designed, prospective studies are needed to
identify the optimal schedule of PORT.
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Figure 6. Forest plots of HRs for OS in patients with other clinicopathological features. (A) Squamous cell carcinoma; (B) adenocarcinoma; (C) male; (D) female.

The prognostic value of tumor size and pT stage
in pIIIA-N2 NSCLC has also been investigated in
some studies [36-38]; the results indicated that tumor
size and pT stage might be prognostic indicators for
survival. A few studies tried to assess the efficacy of
PORT according to the pT stage or tumor size, but
yielded conflicting results [12, 15, 16, 22]. The present
meta-analysis showed no significant differences in OS
between the PORT and non-PORT groups for either
patients with tumor >3.0 cm or pT2-3 tumor or those
with tumor 3.0 cm or less or pT1 tumor. However, the
heterogeneity was evident across the studies. One
possible source of heterogeneity was the various
cut-off points of tumor size used in individual studies
when assessing the efficacy of PORT according to
tumor size. Thus, the present findings were not solid.
Hence, the role of PORT for patients with different
tumor sizes or pT stages needs further investigation.

The present meta-analysis also showed no
significant differences in OS between the PORT and
non-PORT groups for patients of different ages, sex,
and histological types, which were also reported to be
potential  pathological factors. However, no
conclusion could be drawn due to less number of
included studies or small sample size and significant
heterogeneities.

The present meta-analysis had several
limitations. First, almost all the available data were
extracted from retrospective studies. These
observational data had the inherent limitations, such
as potential imbalance in clinical factors. However,
according to the Crochrane Handbook version 5.1.0,
reviews of non-randomized studies are likely to be
undertaken when the question of interest cannot be
answered by a review of randomized trials. Currently,
there is little trial on the effect of PORT in patients
with  pIlIA-N2 NSCLC on the basis of
clinicopathological features. In our meta-analysis, all
of the included studies had a NOS=6. No significant
heterogeneity was observed for patients with multiple
N2 metastases or multiple N2 station or single N2
station involvement. The sensitivity analysis for OS
revealed that the corresponding pooled HRs were not

markedly altered by any single study, confirming the
stability of the presented results. Of cause, compared
with RCTs, the evidence of retrospective studies is
lower, but the findings of our meta-analysis seem to
be useful to inform the design of a subsequent
randomized trial. Second, a few HRs were not directly
reported in the texts and hence calculated from the
Kaplan-Meier curves, resulting in bias and error.
Finally, the number of included studies in several
subgroups, such as age, sex, and histological type,
was less with significant heterogeneity. Therefore, the
conclusion based on these factors should be discreet.

Conclusions

Evidences from the present meta-analysis
supported a role for PORT in patients with completely
resected plIIA-N2 NSCLC having multiple N2
metastases and favored withholding PORT to patients
with single N2 station involvement. Further

prospective RCTs are needed to confirm the findings.
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