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Abstract

Background: To investigate the effects of postoperative radiotherapy (PORT) on the survival of patients with resected

stage IIA-N2 non-small cell lung cancer (NSCLC).

Methods: A total of 3,334 patients with resected stage IlIA-N2 NSCLC in 2004 to 2013 were identified in the Surveillance,
Epidemiology, and End Results database and stratified according to use of PORT. Propensity score-matching (PSM)
methods were used to balance the baseline characteristics of patients who did (n = 744) or did not (n = 744) undergo
PORT. Overall survival (OS) and lung cancer-specific survival (LCSS) were compared between these two patient groups.
Results: After PSM, PORT increased OS (hazard ratio, 0.793; p=0.001) and LCSS (hazard ratio, 0.837; p = 0.022) compared
with no PORT. The OS benefit for PORT was mainly seen in patients aged <60 years (5-year OS, 354% versus 28.9% for
PORT versus no PORT, respectively; p=0.026) and in those who underwent lobectomy (5-year OS, 43.5% versus 34.5%
for PORT versus no PORT, respectively; p = 0.001). The LCSS benefit for PORT was significant in patients undergoing
lobectomy (5-year LCSS, 48.3% versus 42.3% for PORT versus no PORT, respectively; p = 0.036).

Conclusions: The survival benefits of PORT were primarily observed in patients with resected stage IIIA-N2 NSCLC who

were <60 years of age or had undergone lobectomy.

Keywords: Non-small cell lung cancer, Postoperative radiotherapy, Survival

Background

Lung cancer is the leading cause of cancer-related mor-
tality among both men and women worldwide [1]. Most
lung cancers are non-small cell lung cancers (NSCLCs)
[1]. Although surgical resection remains the mainstay of
therapy for NSCLC without metastasis, local relapse and
distant metastasis can occur after surgery, especially at
advanced disease stages. In patients with node-positive
disease, for example, the risk of locoregional recurrence
is as high as 20%-40% [2].
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Postoperative radiotherapy (PORT) sterilizes regions at
risk of microscopic disease and thus is an appealing means
of preventing locoregional recurrence and improving out-
comes in NSCLC patients. Studies on patients with stage
I, stage II, or stage IIIA NSCLC have been performed to
test this hypothesis [3-6]. These studies consistently
showed detrimental effects of PORT on the survival of
early-stage (stages I and II) patients [4, 6-9]. In contrast,
the results for stage III patients with N2 NSCLC were
conflicting. PORT had survival advantages in a random-
ized trial of adjuvant chemotherapy, in which the use of
PORT was not randomized or mandatory [4], and in two
population-based cohort studies, one using the National
Cancer Data Base (NCDB) [5] and the other using the
Surveillance, Epidemiology, and End Results (SEER)
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database [6]. On the other hand, in the randomized con-
trolled trial conducted by Shen et al.[10], PORT decreased
the incidence of local recurrence and distant metastasis,
but failed to improve overall survival (OS) when adminis-
tered after complete resection of N2 NSCLCs. PORT also
failed to improve OS, as well as failure-free survival, in the
earlier study by Perry et al. [11] on resected N2 NSCLC.
The results of several meta-analyses are contradictory and
hence do not justify the routine use of PORT in patients
with completely resected N2 NSCLC [7, 9, 12, 13].

In this study, we explored the effects of PORT in pa-
tients with resected stage IIIA-N2 NSCLC using SEER
data from 2004 to 2013 and propensity score-matching
(PSM) methods.

Methods

The SEER program collects data from 18 population-
based registered cancer institutes that cover approxi-
mately 30% of the US population [14]. We used SEER*-
Stat version 8.3.2 software to extract data from the SEER
database. This study was approved by the review board
of our institute.

The selection criteria included adult patients (age>
20 years) who underwent resection for pathologically con-
firmed NSCLC without distant metastasis between 2004
and 2013. To fulfill these inclusion criteria, we selected
patients with adenocarcinoma (SEER codes 8140, 8250,
8252-8255, 8260, 8310, 8323, 8480, 8481, 8490, 8570,
8574), squamous cell carcinoma (SEER codes 8052, 8070—
8074, 8083, 8084, large cell carcinoma (SEER codes 8012,
8013), and adenosquamous carcinoma (SEER code 8560).
Only patients coded as stage T1-3 and N2 were included
in this study; those without positive regional lymph nodes
(LNs) were excluded. Patients with a previous malignant
disease were also excluded.

Surgical types were categorized as sublobectomy, lobec-
tomy, or pneumonectomy. Sublobectomy consisted of
wedge resection and segmentectomy. Only patients who
either underwent beam radiation after surgery or no radi-
ation were included in this study. In an effort to account
for surgical mortality, those who died within 1 month after
surgery were excluded, as were those without complete in-
formation regarding tumor size, tumor location, regional
LN examination results, histology, and differentiation
grade. One case with an abnormally large tumor size
(450 mm) was also excluded. Fig. 1 shows the detailed
case selection process. Ultimately, our study consisted of
3,334 patients.

Data extracted for this study included age, sex, race,
marital status, insurance coverage, laterality, tumor loca-
tion, tumor size, T stage (based on the criteria of the 6th
edition of the American Joint Committee on Cancer), hist-
ology, pathologic differentiation grade, surgical procedure,
the number of examined LNs, the number of positive
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Fig. 1 Patient selection for this study

LNs, and the use of PORT. The ratio of positive to exam-
ined LNs was calculated for analysis as a continuous vari-
able. Race, marital status, and insurance coverage were
combined into dichotomized variables separately.

The endpoints were OS and lung cancer-specific sur-
vival (LCSS). OS was the time from diagnosis to death
from any cause. LCSS was the time from diagnosis to
death from lung cancer, and any deaths due to causes
other than lung cancer were censored.

Statistics

We used Pearson’s chi-square test to assess the associ-
ation between the use of PORT and the categorical vari-
ables, and the Mann—-Whitney U test to assess the
association between the use of PORT and the continu-
ous variables. Survival curves were generated by using
the Kaplan-Meier method, and differences in survival
among subgroups were examined by using the log-rank
test. Multivariate Cox proportional hazards analysis was
used to examine the association between survival and
potential prognostic factors. In the pretest, we found
that patients <60 years of age had a shorter survival time
than those 60-79 years of age. Therefore, ages were
grouped into three categories (<60 years, 60—79 years,
and >80 years) in the multivariate analysis.

To balance the differences in the basic clinical charac-
teristics between patients who underwent PORT and
those who did not, we used PSM methods. Propensity
scores were calculated via a logistic regression analysis
including age, race, marital status, insurance coverage,
laterality, tumor location, tumor size, T stage, histology,
pathologic differentiation grade, surgical procedure, the
number of LNs examined, the number of positive LN,
and the ratio of positive to examined LNs. Patients who
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Table 1 Demographics and clinical characteristics for patients treated with and without PORT before and after PSM

Demographic or clinical characteristic Before PSM After PSM
No PORT PORT (N=1244) P No PORT PORT P
(N=2090) (N=744) (N=744)
Age, years (range) 65.5 (22-89) 65.7 (28-93) 0.581 66.4 (62-89) 65.7 (28-90) 0.692
Gender
Male 1026 (62.0%) 629 (38.0%) 0411 355 (48.2%) 381 (51.8%) 0.178
Female 1064 (63.4%) 615 (36.6%) 389 (51.7%) 363 (48.3%)
Race
White 1689 (62.8%) 999 (37.2%) 0.720 604 (49.9%) 607 (50.1%) 0.842
Nonwhite 401 (62.1%) 245 (37.9%) 140 (50.5%) 137 (49.5%)
Marital status
Married 1185 (59.4%) 810 (50.6%) 0.000 465 (50.6%) 454 (49.4%) 0557
others 905 (67.6%) 434 (324%) 279 (49.0%) 290 (51.0%)
Insurance
Insured 1261 (61.7%) 783 (383%) 0.135 462 (49.5%) 471 (50.5%) 0.629
others 829 (64.3%) 461 (35.7%) 282 (50.8%) 273 (49.2%)
Laterality
Left 976 (63.9%) 552 (36.1%) 0.192 317 (47.7%) 347 (52.3%) 0.118
Right 1114 (61.7%) 692 (38.3%) 427 (51.8%) 397 (48.2%)
Location
Upper lobe 1229 (61.5%) 768 (38.5%) 0.084 436 (48.9%) 455 (51.1%) 0.587
Middle lobe 89 (58.9%) 62 (41.1%) 36 (52.9%) 32 (47.1%)
Lower lobe 772 (65.1%) 414 (34.9%) 272 (51.4%) 257 (48.6%)
Tumor size, cm (range) 3.8 (0.1-19.0) 3.7 (0.5-15) 0.340 3.7 (0.1-15) 3.8 (0.5-15) 0.670
LN positive (range) 34 (1-41) 3.8 (1-30) 0.000 34 (1-33) 35 (1-24) 0.062
LN examined (range) 12.2 (1-90) 11.6 (1-64) 0.006 11.9 (1-68) 12.0 (1-61) 0473
% of LN positive (range) 354 (1.4-100) 41.2 (1.7-100) 0.000 355 (1.4-100) 358 (1.7-100) 0.380
Histology
Adenocarcinoma 1423 (61.5%) 891 (38.5%) 0.097 478 (48.1%) 515 (51.9%) 0.110
Squamous cell carcinoma 505 (65.2%) 270 (34.8%) 204 (54.4%) 171 (45.6%)
Adenosquamous and large cell carcinoma 162 (66.1%) 83 (33.9%) 62 (51.7%) 58 (48.3%)
Differentiation
Well differentiated 131 (724%) 50 (27.6%) 0.012 20 (40.8%) 29 (59.2%) 0.548
Moderately differentiated 930 (61.5%) 581 (38.5%) 354 (51.1%) 339 (48.9%)
Poorly differentiated 969 (62.2%) 589 (37.8%) 354 (49.7%) 358 (50.3%)
Undifferentiated 60 (71.4%) 24 (28.6%) 16 (47.1%) 18 (52.9%)
Surgical procedure
Sublobectomy 145 (51.4%) 137 (48.6%) 0.000 50 (51.0%) 48 (49.0%) 0.972
Lobectomy 1741 (62.9%) 1026 (37.1%) 643 (49.9%) 646 (50.1%)
Pneumonectomy 204 (71.6%) 81 (28.4%) 51 (50.5%) 50 (49.5%)
T stage (sixth edition)
T1 629 (61.3%) 397 (38.7%) 0.359 235 (50.6%) 229 (49.4%) 0.908
T2 1341 (63.6%) 768 (36.4%) 468 (49.8%) 471 (50.2%)
T3 120 (60.3%) 79 (39.7%) 41 (48.2%) 44 (51.8%)

LN lymph node, PSM propensity score-matching, PORT postoperative radiotherapy
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received PORT and those who did not were matched 1:1
based on their propensity scores using nearest-neighbor
matching, for which the matching tolerance was 0.01%. OS
and LCSS were compared in patients who received PORT
and those who did not by using the Kaplan-Meier method
and Cox regression multivariate survival analysis was also
performed to examine potential prognostic factors.

A probability value <0.05 was considered to be signifi-
cant. All analyses were conducted by using SPSS version
22.0 software (SPSS Inc. Chicago, IL).

Results

The patient cohort (n =3,334) in this study consisted of
1655 men (49.6%) and 1679 women (50.4%) with a me-
dian age of 66.0 years (range, 22—93 years). Among these
patients, 1,244 (37.3%) received PORT. The last follow-

Page 4 of 11

up occurred in December 2013, and the median follow-
up duration was 24 months (range, 0-119 months). A
total of 1,895 patients (56.8%) died during the follow-up
period, and the median OS and LCSS times were
36 months and 43 months, respectively.

Married patients and patients with more positive LNs, a
higher ratio of positive to examined LNs, poorer differen-
tiation, or less resected lung tissue were more likely to re-
ceive PORT (Table 1). After adjusting for propensity
scores, the patient and tumor characteristics were well
balanced between the group that received PORT (n =744
patients) and the group that did not (n = 744) (Table 1).

Before PSM, median and 5-year OS and LCSS values
were significantly higher in patients who received PORT
versus those who did not (median OS, 39 versus
35 months; 5-year OS, 37.7% versus 34.1%; p = 0.019 and
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Fig. 2 Overall survival (OS) and lung cancer-specific survival (LCSS) according to the use of postoperative radiation therapy (PORT) before and
after propensity score-matching (PSM). a, OS curves before PSM. The 5-year OS rate was 37.7% for the PORT group and 34.1% for the no PORT
group. b, LCSS curves before PSM. The 5-year LCSS rate was 43.5% for the PORT group and 30.6% for the no PORT group. ¢, OS curves after PSM.
The 5-year OS rate was 41.3% for the PORT group and 34.1% for the no PORT group. d, LCSS curves after PSM. The 5-year LCSS rate was 46.0%
for the PORT group and 41.6% for the no PORT group
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Fig. 3 Overall survival (OS) and lung cancer-specific survival (LCSS) in patients with different age ranges according to the use of postoperative
radiation therapy (PORT) after propensity score-matching (PSM). a, OS curves for patients aged <60 years. The 5-year OS rate was 35.4% for the
PORT group and 28.9% for the no PORT group. b, LCSS curves forpatients aged <60 years. The 5-year LCSS rate was 39.5% for the PORT group
and 36.2% for the no PORT group. ¢, OS curves for patients aged 60-79 years. The 5-year OS rate was 42.8% for the PORT group and 36.9% for
the no PORT group. d, LCSS curves for patients aged 60-79 years. The 5-year LCSS rate was 48.2% for the PORT group and 45.0% for the no PORT
group. e, OS curves for patients aged 280 years. The 5-year OS rate was 47.9% for the PORT group and 29.2% for the no PORT group. f, LCSS
curves for patients aged =80 years. The 5-year LCSS rate was 49.0% for the PORT group and 33.3% for the no PORT group

median LCSS, 48 versus 41 months; 5-year LCSS, 43.5%
versus 30.6%; p = 0.040) (Fig. 2a, b). Following PSM, OS
and LCSS values were still significantly higher in patients
who underwent PORT than in those who did not (me-
dian OS, 43 versus 34 months; 5-year OS, 41.3% versus
34.1%, p = 0.002 and median LCSS, 50 versus 41 months;
5-year LCSS, 46.0% versus 41.6%, p = 0.032) (Fig. 2c, d).

In the age subgroup analysis after PSM, PORT offered
an OS benefit only to patients aged < 60 years (5-year
OS, 35.4% for PORT versus 28.9% for no PORT; p=
0.026). There was no significant difference in LCSS be-
tween the PORT and no PORT patients in the <60 years
of age subgroup (Fig. 3a, b) or in either OS or LCSS be-
tween the PORT and no PORT patients in the 60-79
years of age and >80 years of age subgroups (Fig. 3c—f).

In patients who received lobectomy, both OS and
LCSS were better in the PORT versus the no PORT
group (5-year OS, 43.5% versus 34.5%, p =0.001 and 5-
year LCSS, 48.3% versus 42.3%, p =0.036) (Fig. 4c, d).
OS and LCSS did not differ significantly between the pa-
tients in the PORT and no PORT groups who underwent
sublobectomy or pneumonectomy (Fig. 4a, b, e, f).

Multivariate analysis revealed that the use of PORT was
an independent prognostic factor for OS and LCSS both
before and after PSM. Before PSM, the hazard ratio (HR)
for PORT (compared with no PORT) was 0.846 (95% con-
fidence interval [CI], 0.769-0.932; p =0.001) for OS and
0.838 (95% CI, 0.755-0.931; p =0.001) for LCSS. After
PSM, the HR for PORT (compared with no PORT) was
0.793 (95% CI, 0.690-0.912; p = 0.001) and 0.837 (95% ClI,
0.719-0.975; p = 0.022) for LCSS (Table 2). The other sig-
nificant prognostic factors were age, tumor size, regional
number of positive LNs, the ratio of positive to examined
LNs, surgical procedure, and T stage.

Discussion

There is a high risk of both local and distant relapse
after NSCLC resection. Adjuvant chemotherapy is typic-
ally administered after resection of stage II or III
NSCLCs to reduce the possibility of recurrence and thus
improve survival outcomes [15-17]. However, the rate
of locoregional tumor recurrence is as high as 20%—40%
even after adjuvant chemotherapy [2]. Therefore, studies

have been performed to evaluate the effect of PORT on
tumor recurrence and OS.

For completely resected NO and N1 NSCLC, most stud-
ies have shown that PORT worsens survival [6, 7, 9, 18].
For N2 disease, the use of PORT is controversial owing to
conflicting or inconclusive results in randomized studies
performed before 1998 [3, 19-21]. Other studies showed
that PORT improved local control and survival (the meta-
analysis by Billiet et al. [13]), was more effective in patients
with a high risk of local recurrence [22], and was mainly
restricted to patients with multiple-station versus single-
station N2 disease [23]. The randomized intergroup Lun-
gART trial, which is assessing the role of radiation after
complete NSCLC resection, is ongoing with results not
expected for several years [24].

Two retrospective studies using large population-
based databases seemingly support the use of PORT for
post-resection treatment of N2 NSCLC. Using data reg-
istered in the SEER database between 1988 and 2002,
Lally et al. [6] found that PORT prolonged survival in
patients with N2 NSCLC. A similar result was demon-
strated in a population-based cohort study performed by
Robinson et al. [5] using the NCDB. Although sample
volumes were large and confounders were adjusted via
multivariate analysis, bias in these two studies was not
fully controlled. Therefore, conclusions should be drawn
cautiously from the results.

Although propensity score methods may not fully
eliminate confounding variables [25], they are often
more practical and statistically more efficient in observa-
tional studies than are multivariate statistical methods
[26]. An analysis of propensity score-matched patients
can substitute in part for a randomized trial by directly
comparing outcomes between individuals who received
the treatment of interest and those who did not [27].
Some studies failed to demonstrate the superiority of
propensity score methods compared with conventional
multivariate regression analyses in terms of controlling
confounders in specific situations [25, 28]. Nonetheless,
the use of PSM in this study provides new information
about the effects of PORT in patients with N2 NSCLC.

The results of our study show a modest improvement in
the 5-year OS (3.6%) and LCSS (2.9%) rates in the PORT
versus no PORT group before PSM. These improvements
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Fig. 4 Overall survival (OS) and lung cancer-specific survival (LCSS) in patients who underwent different surgical procedures according to the use
of postoperative radiation therapy (PORT) after propensity score-matching (PSM). a, OS curves for patients who underwent sublobectomy. The
5-year LCSS was 32.2% for the PORT group and 30.0% for the no PORT group. b, LCSS curves for patients who underwent sublobectomy.
The 5-year LCSS rate was 27.8% for the PORT group and 25.6% for the no PORT group. ¢, OS curves for patients who underwent lobectomy.
The 5-year OS rate was 43.5% for the PORT group and 34.5% for the no PORT group. d, LCSS curves for patients who underwent lobectomy. The
5-year LCSS rate was 48.3% for the PORT group and 42.3% for the no PORT group. e, OS curves for patients who underwent pneumonectomy.
The 5-year OS rate was 28.7% for the PORT group and 39.1% for the no PORT group. f, LCSS curves for patients who underwent pneumonectomy. The
5-year LCSS rate was 32.7% for the PORT group and 45.1% for the no PORT group

are less than those reported by Lally et al. [6], whose data
were also derived from the SEER database, although from
a different time period. The reasons for the discrepancies
between the two studies are unknown, but may include
the evolution in surgical and radiation techniques between
1988-2002 and 2004—2013 and disparity in the inclusion
criteria. PORT-related improvements in the 5-year OS
and LCSS rates were slightly higher after PSM than before
PSM. This finding indicates that the bias of the baseline
variables skews the results toward null.

In the age subgroup analysis, there was modest OS su-
periority of PORT over no PORT in younger patients
(age < 60 years), which disappeared gradually as the age
of the patients increased. This result may reflect the
good performance status of the younger patients and
their capability to better survive the cardiac and pul-
monary complications of radiotherapy. PORT did not
significantly improve LCSS in any of the age subgroups,
which indicates that more patients died of non-cancer
causes in the no PORT group than the PORT group. It is
reasonable to presume that there were more comorbidi-
ties in the no PORT group, which contributed to the ob-
served results.

Regarding surgical procedures, PORT improved OS
and LCSS in patients who underwent lobectomy but not
sublobectomy or pneumonectomy. This finding indicates
that patients who receive sublobectomy or pneumonec-
tomy should avoid radiation. The toxicity of PORT fol-
lowing pneumonectomy may offset its benefits. We
speculate that the patients who received sublobectomy
may have had poor cardiopulmonary function or severe
comorbidities that contraindicated lobectomy and
pneumonectomy and decreased tolerance for PORT.
These possibilities may account for the lack of a posi-
tive effect of PORT on survival in cases involving
sublobectomy.

Our multivariate analysis showed that use of PORT was
an independent prognostic factor for OS and LCSS, both
before and after PSM. Some other well-established predic-
tors for poorer survival were also confirmed in this study,
including increased tumor size, a large number of regional
positive LNs, the percentage of positive LNs, squamous
cell carcinoma, and sublobectomy [6, 29-32].

This study has the typical limitations of a retrospective
study. Selection bias cannot be fully eliminated even
after PSM because this method is based on the available
variables, and unadjusted confounding factors may still
exist [26]. Moreover, the SEER database is itself a limita-
tion because observational data may engender inaccurate
results [33]. Additional limitations of the SEER database
are as follows. First, there was no information regarding
the surgical margin status. Compared with a negative
surgical margin, a positive surgical margin increases the
risk of locoregional recurrence, thus decreasing OS
rates, and tends to lead to the use of PORT. This con-
founder would bias the result toward a null result. Sec-
ond, the performance status and comorbidities of the
patients were unknown. Usually, patients with a good
performance status are more likely to receive PORT,
leading to a result favoring the use of PORT. Third,
there was no information regarding the use of systemic
therapies such as chemotherapy and targeted treatment.
Chemotherapy and targeted therapy are strong prognos-
tic factors for NSCLC and can influence the prescription
and results of PORT [34]. Four, there was no informa-
tion about PORT parameters (e.g., dose, segmentation,
and use of a linear accelerator or cobalt) that would cer-
tainly affect the treatment results [13]. Lastly, detailed
information regarding surgical complications was lack-
ing. Severe surgical complications will limit the use of
the PORT and also affect survival.

Conclusions

Our analysis of the SEER database using PSM to reduce
selection bias demonstrates that PORT has a significant
survival benefit for patients with N2 NSCLC. However,
the advantage is only modest. Unlike previous studies, in
which PORT positively affected patients with N2 disease
regardless of age or treatment [5, 6], our study suggests
that PORT mainly benefits younger patients (age <
60 years) and those who underwent lobectomy as opposed
to pneumonectomy or sublobectomy. Owing to the retro-
spective nature of this study, prospective randomized evi-
dence is needed to further clarify the efficacy of PORT for
treatment of N2 NSCLC.
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