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Abstract
Background: Currently, there is no consensus on the role of postoperative adjuvant
radiotherapy (PORT) for resected stage IIIA/N2 non-small cell lung cancer (NSCLC).
Our study sought to determine which patients may be able to benefit from PORT,
based on a patient prognostic score.
Methods: A retrospective cohort study was conducted to identify patients diagnosed
with IIIA/N2 NSCLC between 1988 and 2016 in the SEER database. Eligible patients
were divided into the following two groups: PORT group and non-PORT group. We
classified patient prognostic scores as an ordinal factor and stratified patients based on
prognostic scores. A Cox proportional hazards model with propensity score weighting
was performed to evaluate cancer-specific mortality (CSM) between the two groups.
Results: We identified 7060 eligible patients with IIIA/N2 NSCLC, 2833 (40.1%) in
the PORT group and 4227 (59.9%) in the non-PORT group. Overall, the 10-year CSM
rate in the weighted cohorts was 70.4% in the PORT group, 72.0% in the non-PORT
group, and patients who received PORT had a lower CSM rate (p = 0.001). Compared
with the non-PORT group, significant survival improvements in the PORT group
were observed in patients with higher age, grade, T stage and lymph node ratio
(LNR), and without chemotherapy. The improved survival of patients receiving PORT
was significantly correlated with patient prognostic scores (p < 0.001).
Conclusions: In our population-based study, the prognostic score was associated with
the survival improvement offered by PORT in IIIA/N2 NSCLC, suggesting that prog-
nostic scores and clinicopathological characteristics may be helpful in proper candi-
date selection for PORT.
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INTRODUCTION

Lung cancer is currently the most common cancer and
remains the leading cause of cancer-related mortality world-
wide.1 About 85% of patients with lung cancer are diagnosed
with non-small cell lung cancer (NSCLC), and approxi-
mately one third of these cases have been diagnosed with
locally advanced disease (stage IIIA/IIIB).2 Locally advanced

NSCLC, specifically N2 disease, has a higher risk of local
relapse and distant metastasis after treatment and a poorer
prognosis.3,4 Surgery-based multimodal therapies are
considered as the optimal therapeutic strategy for patients
with locally advanced disease.4,5 However, there is currently
no consensus on the role of postoperative adjuvant radio-
therapy (PORT) for locally advanced NSCLC, as the benefit
on survival remains uncertain.6–10 A survival benefit from
PORT in patients with stage N2 has been previously
reported by some population-based studies and a subgroupLei Xu, Hou-nai Xie, Xian-kai Chen contributed equally to this work.
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analysis from the Adjuvant Navelbine International Trialist
Association (ANITA) trial where patients were treated with
PORT in a nonrandomized fashion.6–8 However, a Phase III
study which included 37 patients showed that there was no
survival difference between the observation and RT arms.9

Additionally, a meta-analysis based on nine clinical trials
demonstrated an adverse effect of PORT on the two-year
survival rate with a 7% lower survival rate of the whole
patient group (48% vs. 55%), but the subgroup of patients
with stage N2 showed a trend towards a better outcome in
terms of survival.10

In addition to the differences revealed by these clinical
studies, some clinical guidelines also hold different views on
the role of PORT in multidisciplinary therapy.11–13 PORT
was recommended as a treatment option for N2 patients in
the National Comprehensive Cancer Network (NCCN)
guidelines.11 On the contrary, the American Society for
Radiation Oncology and American Society of Clinical
Oncology (ASCO) guidelines did not routinely recommend
PORT for patients with stage IIIa/N2, as it was not consid-
ered to improve survival.12,13 However, patients with stage
IIIA/N2 NSCLC are a heterogeneous population with differ-
ent clinicopathological characteristics. Some clinicopatho-
logical factors have been previously reported to be
associated with significant variability of survival, such as
age, sex, grade, T stage, chemotherapy and positive/resected
lymph node ratio (LNR).14–18 This indicates that treatments
for IIIA/N2 NSCLC should be individualized. Currently,
some studies have attempted to predict the outcomes of
patients receiving PORT based on different clinicopathologi-
cal features and prognostic scoring models have been devel-
oped to help predict the survival of patients receiving
PORT, including the patient prognostic score reported by
Deng et al.14–16 Now, it is necessary to select patients who
can benefit most from PORT. Therefore, our study sought
to assess the survival benefit from PORT in a population-
based database and determine which, if any, subpopulations
of patients with resected IIIA/N2 NSCLC might benefit
from PORT based on a reported prognostic score model.

METHODS

Patient selection

After receiving the exemption from informed consent and
institutional review, a retrospective cohort study was per-
formed by using data obtained from the Surveillance, Epide-
miology, and End Results (SEER) database of the National
Cancer Institute (National Cancer Institute, version 8.3.5;
www.seer.cancer.gov), which was routinely collected from
multiple population-based cancer registries. Patients with
IIIA/N2 NSCLC were included in this study, according to
the inclusion criteria: (i) Patients with stage IIIA/N2 lung
cancer who received surgery between 1988 and 2016;
(ii) NSCLC that was pathologically proven; (iii) NSCLC that
was the only cancer or the first primary cancer; and

(iv) complete informational records (such as race, grade, T
staging, number of lymph nodes removed or positive lymph
nodes, and radiation status/methods). Exclusion criteria
were: (i) Not diagnosed by histology; (ii) not first primary
cancer; (iii) small cell cancer or non-small cell lung cancer
was unable to be determined; and (iv) unknown informa-
tional records regarding race, grade, T staging and number
of positive lymph nodes. Based on these criteria, a total of
7060 patients were enrolled in the final cohort (Figure S1).
We divided all the patients into two groups: the PORT
group and the non-PORT group. The PORT group was
defined as patients receiving surgery and postoperative
radiotherapy and the non-PORT group was defined as
patients who received surgical resection without postopera-
tive radiotherapy.

Variables and outcome

Data on age, sex, race, grade, pathological type, T stage,
number of lymph nodes removed or positive lymph nodes,
LNR, the cause of patient death, survival month, surgery,
radiotherapy and chemotherapy were collected in this study.
All variables were categorized as shown in Table 1. We res-
taged all the patients as being stage IIIA/N2 according to the
seventh edition of the American Joint Committee on Cancer
(AJCC) staging.19,20 LNR was defined as the ratio of the
number of positive lymph nodes to the number of lymph
nodes removed. The number of positive lymph nodes was
calculated according to the code manual of regional nodes
positive or CS lymph nodes, and the number of lymph
nodes removed was calculated according to the record of
regional nodes examined and scope of lymph node surgery.
To assess the benefit of PORT on the basis of different clini-
copathological features, we used a patient prognostic score,
as reported by Deng et al14, and classified the prognostic
score as an ordinal factor, as shown in Figure 1.

In this study, the primary outcome of interest was the
cancer-specific mortality (CSM) of lung cancer. The SEER
database defined mortality data according to the Interna-
tional Classification of Diseases Revisions,8–10 and the SEER
cause of death was categorized as cancer-specific death,
other-cancer death, death due to heart disease, or noncancer
cause of death. The time of overall mortality (OM) and
CSM was calculated as the time from the date of diagnosis
to the date of interesting death, the time of last follow-up, or
November 31, 2018. The date of interesting death, for OM,
is the date of death, and for CSM, is the date of death
because of lung cancer.

Statistical analysis

In this study, we used the same statistical analytical methods
as reported in previous studies.21,22 For descriptive variables,
the absolute number and percentage were used to describe
categorical variables. Chi-square or Fisher’s exact tests were
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conducted to compare the baseline characteristics of
patients. The inverse probability propensity score weighting
was then performed to balance patient characteristics
between the PORT and non-PORT groups.21,23 To calculate
propensity scores, a logistic regression model was applied
based on baseline characteristics of patient, such as age, sex,
race, grade, histological type, T stage, chemotherapy
and LNR.

The Kaplan–Meier plots and log-rank test were con-
ducted for survival analyses. After weighted by propensity
score, OM and CSM were compared between the two
groups by using propensity score-weighted log-rank tests

T A B L E 1 Baseline characteristics of patients with resected IIIA/N2
non-small cell lung cancer

Variables
PORT group
(n = 2833)

Non-PORT group
(n = 4227)

p-
value

Age, years <0.001

<65 1440 (50.8%) 1744 (41.3%)

≥65 1393 (49.2%) 2483 (58.7%)

Sex 0.610

Male 1395 (49.2%) 2055 (48.6%)

Female 1438 (50.8%) 2172 (51.4%)

Race 0.095

White 2310 (81.5%) 3470 (82.1%)

Black 260 (9.2%) 421 (10.0%)

Other 263 (9.3%) 336 (7.9%)

Grade 0.789

I–II 1352 (47.7%) 2031 (48.0%)

III–IV 1481 (52.3%) 2196 (52.0%)

Histological type 0.008

SCC 660 (23.3%) 1109 (26.2%)

Adenocarcinoma 1835 (64.8%) 2590 (61.3%)

Other 338 (11.9%) 528 (12.5%)

T stage 0.602

T1–2 2422 (85.5%) 3633 (85.9%)

T3 411 (14.5%) 594 (14.1%)

Chemotherapy <0.001

Yes 2296 (81.0%) 2412 (57.1%)

No 537 (19.0%) 1815 (42.9%)

No. of LNs
resected

0.216

<18 2277 (80.4%) 3346 (79.2%)

≥18 556 (19.6%) 881 (20.8%)

No. of positive LNs <0.001

<3 1400 (49.4%) 2275 (53.8%)

≥3 1433 (50.6%) 1952 (46.2%)

LNR <0.001

<0.31 1271 (44.9%) 2292 (54.2%)

≥0.31 1562 (55.1%) 1935 (45.8%)

Abbreviations: LNR, lymph node ratio; LNs, lymph nodes; PORT, postoperative
radiation; SCC, squamous cell carcinoma.

F I G U R E 1 Patient prognostic scores: risk stratification. Modified from
Deng et al.14

TAB L E 2 Clinical characteristics of patients weighted by propensity
score

Variables
PORT group
(n = 2833)

Non-PORT group
(n = 4227)

p-
value

Age, years 0.609

<65 1303 (46.0%) 1919 (45.4%)

≥65 1530 (54.0%) 2308 (54.6%)

Sex 0.903

Male 1391 (49.1%) 2068 (48.9%)

Female 1442 (50.9%) 2159 (51.1%)

Race 0.274

White 2311 (81.6%) 3472 (82.1%)

Black 262 (9.3%) 412 (9.7%)

Other 260 (9.1%) 343 (8.1%)

Grade 0.734

I–II 1339 (47.2%) 2016 (47.7%)

III–IV 1494 (52.8%) 2211 (52.3%)

Histological type 0.461

SCC 701 (24.8%) 1080 (25.5%)

Adenocarcinoma 1801 (63.6%) 2626 (62.1%)

Other 331 (11.7%) 521 (12.3%)

T stage 0.945

T1–2 2429 (85.8%) 3622 (85.7%)

T3 404 (14.2%) 605 (14.3%)

Chemotherapy 0.959

Yes 1893 (66.8%) 2820 (66.7%)

No 940 (33.2%) 1407 (33.3%)

No. of LNs
resected

0.239

<18 2279 (80.5%) 3353 (79.3%)

≥18 554 (19.5%) 874 (20.7%)

No. of positive LNs 0.422

<3 1499 (52.9%) 2195 (51.9%)

≥3 1334 (47.1%) 2032 (48.1%)

LNR 0.961

<0.31 1431 (50.5%) 2133 (50.4%)

≥0.31 1402 (49.5%) 2094 (49.6%)

Abbreviations: LNR, lymph node ratio; LNs, lymph nodes; PORT, postoperative
radiation; SCC, squamous cell carcinoma.
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and Cox proportional hazards models, and adjusted hazard
ratios (HR) were generated from multivariable Cox propor-
tional hazards models. Subsequently, we performed the
interaction tests to explore whether any survival benefit con-
ferred by PORT varied across subgroups. Treatment effect
modification of PORT was assessed using categorical factors
and interaction tests in bivariable weighted Cox models. All
statistical analyses were performed with R statistical software
for Windows (version 3.6.0, https://cran.R-project.org). Sta-
tistical significance was indicated by p < 0.05.

RESULTS

Patient characteristics

We identified 7060 eligible patients with IIIA/N2 NSCLC
based on inclusion and exclusion criteria (Figure S1). Of the

initial cohort, 2833 patients (40.1%) were enrolled into the
PORT group and 4227 patients (59.9%) were enrolled into
the non-PORT group. Patient clinicopathological character-
istics are shown in Table 1. Clinicopathological factors were
comparable between two groups, except that there were
more younger patients, adenocarcinoma, patients receiving
chemotherapy, patients with three or more positive lymph
nodes, and patients with LNR ≥0.31 in the PORT group
(p < 0.05). The inverse probability propensity-score
weighting was then performed and the balance in patient
characteristics between two groups was achieved for estimat-
ing the treatment effect, as shown in Table 2.

Survival benefit of PORT

We further studied the impact of PORT on the prognosis of
patients with IIIA/N2 NSCLC. The 10-year CSM rate was

F I G U R E 2 Comparison of (a) cancer-specific mortality and (b) overall mortality weighted by propensity score in patients with resected IIIA/N2 NSCLC

F I G U R E 3 Comparison of cancer-specific mortality weighted by inverse propensity score between the PORT group and the non-PORT group based on
prognostic scores
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70.4% in the PORT group, 72.1% in the non-PORT group,
and patients who received PORT had a lower CSM than
those who did not (p = 0.001, Figure S2A). Patients who
received PORT had a lower 10-year OM rate than those
who did not (79.5% vs. 81.2%, p < 0.001, Figure S2B). After
adjustments based on propensity score, the balance in
patient characteristics between two groups was achieved.
The 10-year CSM rate weighted by inverse propensity-score
was 70.4% in the PORT group and 72.0% in the non-PORT
group, and patients who received PORT had a lower CSM
(p = 0.001, Figure 2(a)). Patients in the PORT group had a
lower 10-year OM rate than those in the non-PORT group
(80.2% vs. 80.7%, p < 0.001, Figure 2(b)).

Survival benefit of PORT according to
prognostic score

When examining the benefit of PORT stratified by prog-
nostic factors used in the patient prognostic score, we
found that the survival observed in the PORT group was
significantly better than that in the non-RT group for
patients with higher age, grade, T stage and LNR, and with-
out chemotherapy (Tables S1 and S2). Moreover, the mag-
nitude of improved survival of patients receiving PORT
was significantly associated with the patient prognostic
scores (interaction tests: p < 0.001, Figures 3 and 4).
Patients with lower prognostic scores presented no signifi-
cant difference in CSM and OM between two groups (score
0: CSM, 56.3% vs. 62.6%; p = 0.524; OM, 66.0% vs. 70.3%;
p = 0.638; score 1–5: CSM, 60.3% vs. 59.5%; p = 0.103;
OM, 70.4% vs. 70.3%; p = 0.145; score 6–10: CSM, 73.3%
vs. 73.3%; p = 0.574; OM, 81.6% vs. 81.7%; p = 0.136,
respectively), but among patients with higher prognostic
scores, the PORT brought a significant reduction in CSM
and OM (score 11–15: CSM, 72.5% vs. 77.6%; p = 0.001;
OM, 83.5% vs. 85.8%; p = 0.004; score 16–20: CSM, 85.6%
vs. 87.1%; p = 0.047; OM, 93.5% vs. 92.7%; p = 0.048,
respectively, Figures 3 and 4). Before inverse probability
propensity-score weighting was performed, the Cox

proportional hazards analyses and interaction tests yielded
consistent results (Figures S3 and S4).

DISCUSSION

In this large population-based cohort study, the results of
survival analyses showed that the long-term survival of the
entire cohort of IIIA/N2 NSCLC patients who received
PORT was significantly better than that of the entire cohort
of patients who did not, which was consistent with previous
reports.6-8 Furthermore, we observed a heterogeneous treat-
ment effect of PORT that might be most important, when
some potential risk factors (such as higher age, nuclear
grade, T stage and LNR, and without chemotherapy) were
present. These clinicopathological factors had been used
together to establish a patient prognostic-scoring system for
IIIA/N2 NSCLC patients who received PORT.14 Our find-
ings suggested that among patients with lower prognostic
scores, there was no statistical difference in cancer-specific
survival between the PORT group and the non-RT group,
whereas patients with higher prognostic scores treated with
PORT demonstrated a significantly statistical difference in
the survival, compared with those in whom PORT was not
used. Therefore, taken together with previous findings,15-18

these results indicated that treatments for IIIA/N2 NSCLC
should be individualized. Further studies on the basis of
patient prognostic-score to determine which patients with
resected IIIA/N2 NSCLC may be able to benefit most from
PORT are required.

Patients with stage IIIA NSCLC, specifically N2 disease,
had a higher risk of locoregional recurrence, even after com-
plete resection, the locoregional failure rate has been
reported to reach as high as 20%–40%, and locoregional
recurrence was correlated independently with worse survival
of patients.24–27 Currently, surgery combined with adjuvant
therapies is the standard treatment for patients with stage
IIIA/N2 NSCLC. However, the role of postoperative radio-
therapy in adjuvant therapies remained controversial. Some
studies have been conducted to evaluate the effect of PORT

F I G U R E 4 Comparison of overall mortality weighted by inverse propensity score between the PORT group and the non-PORT group based on
prognostic scores
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on the survival of patients. A Phase III study, including a
small sample cohort of 37 patients, showed that there was
no survival difference between the observation and RT
arms.9 In addition, some previous meta-analyses of random-
ized trials demonstrated no benefit with PORT, and the use
of PORT could even result in a decrease in survival, due to
the cardiac and pulmonary toxicity from PORT.10,28

Although one of two meta-analyses observed that patients
with stage III and pN2 had a better survival rate with PORT,
the difference was not statistically significant.10 However, in
these studies, either a small sample of patients were
included, or patients were treated with PORT in a non-
randomized fashion. At present, a recent randomized trial
evaluating the efficacy of PORT for N2 NSCLC patients
(NCT00410683, Lung ART in Paris) is still recruiting
patients, and is expected to provide stronger evidence.
Before this, some population-based retrospective studies
reported that the use of PORT could improve survival for
patients with stage N2.6,7 These results are similar to our
findings. In this study, we found that patients who received
PORT had a lower CSM and OM rate than those who did
not. Our results were consistent after the balance in patient
characteristics between two groups was achieved. These
results made us more confident that patients who received
PORT had a better survival rate. The reasons for this may
be that PORT can eliminate regions of microscopic disease,
and thus reduce locoregional recurrence and improve sur-
vival.16,29,30 In addition, compared with older techniques
that increased the risk of cardiac and pulmonary toxicity,
more modern radiation techniques have become safer and
bring a greater survival benefit for patients treated with
PORT.8,31

Moreover, patients with stage IIIA/N2 NSCLC are a het-
erogeneous population with different clinicopathological
characteristics. Some clinicopathological factors have been
reported to be independent risk factors for patients with
poor prognosis, such as age, sex, grade, T stage, chemother-
apy and LNR.14–18 Mao et al.32 analyzing data from 1809
patients, developed a nomogram to predict the survival of
stage IIIA–N2 NSCLC after surgery, based on certain clini-
cal factors, such as age, sex, grade, histology, positive lymph
nodes and lymph nodes examined. Furthermore, a prognos-
tic scoring model, based on age, grade, T stage, chemother-
apy and LNR, to predict cancer-specific survival in resected
N2 NSCLC patients who received PORT, has been devel-
oped by Deng et al.14 These prognostic scoring systems
showed a higher efficiency in the verification cohort they
reported.14,32

In the Asian Thoracic Oncology Research Group expert
consensus statement on optimal management of stage III
NSCLC by Tan et al., the consensus statement emphasized
that PORT should be considered for stage N2 NSCLC
patients in whom the benefit outweighs risk of excess toxic-
ity.5 As IIIA/N2 NSCLC were diseases heterogeneous in
levels of age, grade, T stage and LNR, identifying patients
who might derive the greatest (or least) benefit from PORT,
based on the disease characteristics, was necessary. Some

studies had tried to obtain answers. Wisnivesky et al.33

found that PORT was not associated with improved survival
of elderly (age ≥ 65 years) patients with stage III/N2 NSCLC
between 1992 and 2005. Although using the identical data-
base, there were also some contrary results because their
study only included earlier patients in the SEER database.
Our results showed that PORT improved the survival in
elderly patients age ≥65 years. The LNR was considered as a
practicable prognostic indicator in NSCLC patients and
some studies have reported that a higher LNR predicted the
benefit of PORT to patients with stage III/N2
NSCLC.16,34–36 A recent study reported that PORT was
more suitable for patients with a higher LNR ≥1/3 and a
poorer tumor histological differentiation grade.30 These
results were in close agreement with our findings. Further-
more, another recently published retrospective study con-
ducted by Hui et al.15 suggested that PORT significantly
improved patients’ survival with three or more of five factors
of smoking index ≤400, cN2, stage T3, SCC, and ≥4 positive
lymph nodes. However, the sample size of patients for their
analysis was small (n = 221), which possibly reduced the
explanatory power of prediction model. In this study, based
on a population-based database, we used a patient prognos-
tic score which was developed by Deng et al.,14 and trans-
formed the prognostic score as ordinal factors, as shown in
Figure 1. The results showed that the improved survival of
patients receiving PORT was significantly associated with
the prognostic scores (interaction tests: p < 0.001). Patients
with lower prognostic scores presented no significant differ-
ence in CSM and OM between the PORT and non-PORT
groups, but among patients with higher prognostic scores,
PORT brought a significant reduction in CSM and
OM. Before adjusting for potential confounding factors, the
Cox proportional hazards analyses and interaction tests
yielded consistent results which provided us with more cred-
ible evidence.

There were some limitations in this study. First, the
major limitation of this study was its retrospective nature.
The patients were included in this study between 1988 and
2016. During this period (almost 30 years), the treatment
strategy of NSCLC has changed in many aspects. Patients
were not grouped in a random way, which might cause con-
founding factors that affected the results. We applied the
inverse scoring weighted matching method to minimize the
influence of confounding factors. Second, the surgical mar-
gin status was not available in the SEER database which
could make a difference in the use of PORT. If surgical mar-
gins were positive, the physician would be more likely to
recommend PORT and the benefit would therefore be
underestimated in our study. Third because patients from
the same database were analyzed, there was an overlap in
the study population. There are also similarities and any dif-
ference in the eligibility criteria or study design. Finally,
because of missing detailed information of the surgical
approach (lobectomy/pneumonectomy), targeted therapy,
immunotherapy, chemotherapy, and PORT (dose and radia-
tion field), our results may be affected.
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The strength of our study is that this is the first time the
survival benefit of PORT in resected IIIA/N2 NSCLC
patients according to a patient prognostic score has been
explored. By using a large population-based database, detec-
tion of the absolute difference of survival between the PORT
and non-PORT groups was possible. Furthermore, our
results provide information to guide individual treatment
options according to prognostic scores that predict which
patients could benefit from PORT.

In conclusion, the results of this study validated that the
long-term survival of the entire cohort of IIIA/N2 NSCLC
patients who received PORT was significantly better than
that of the entire cohort of patients who did not. Further-
more, the patient prognostic score could be used not only to
predict the survival of patients receiving PORT, but also
determine which patients with resected IIIA/N2 NSCLC
may benefit from PORT. Therefore, patient prognostic
scores and clinicopathological characteristics may be helpful
in proper patient selection for PORT. Given the limitations
of this study, larger prospective studies are needed in the
future to confirm our findings.
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