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Background: This study aimed to investigate the optimal management of stage IITA (cN2) non-small cell
lung cancer (NSCLC) patients and determine potential predictive factors.

Methods: We extracted patients diagnosed as NSCLC stage IIIA (cN2) between 2004 and 2011 from
Surveillance, Epidemiology, and End Results (SEER) database. Overall survival (OS) and lung cancer-specific
survival (LCSS) were compared among patients given different clinical managements by Kaplan-Meier
method. Other variables such as age, sex and tumor size were analyzed to explore the factors associated with
outcomes.

Results: A total of 98,700 IITA-cN2 NSCLC patients were identified from SEER database. Survival
of patients treated with surgery was better than that of patients treated by radiotherapy alone (P<0.001).
Radiation prior to surgery significantly improved the survival in comparison with surgery alone (P<0.001).
In the subgroups of OS analysis, age >65 (P=0.902), adenocarcinoma (P=0.279), tumor size <3 cm (P=0.170),
well differentiated (P=0.360) patients, preoperative radiotherapy improved survival insignificantly compared
with surgery alone.

Conclusions: Preoperative radiation with surgery had the most encouraging survival outcomes in stage
TITA-cN2 NSCLC patients compared with radiation or surgery alone. No significant outcome improvement

was shown between postoperative radiotherapy (PORT) and surgery alone.
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Introduction

Lung cancer has become the worldwide leading cause of
cancer-related mortality nowadays and non-small cell lung
cancer (NSCLC) accounts for 80% of all lung cancers (1).
Among patients with NSCLC, 15% are diagnosed
with stage IIIA (2-4). With the acknowledgement that
mediastinal lymph node metastases (N2 staging) are

associated closely with treatment and prognosis, the
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optimal management of stage IITA-N2 NSCLC patients
is unclear. Variable results of surgery versus radiotherapy
after induction chemotherapy were reported (5,6).
Nevertheless, despite surgical resection is radical and may
lead to a survival benefit, whether the surgery is superior to
radiotherapy is still controversial (7).

Furthermore, the difficulty of accurate clinical staging
challenges the treatment scenario of those patients in this
stage. According to the 7" edition AJCC TNM staging,
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NSCLC patients with ipsilateral mediastinal and/or
subcarinal lymph node (N2) diagnosed as IIIA stage include
T1-T3 (T3: tumor >7 cm or invades) and MO (without
distant metastasis) (8,9). Moreover, the precise designation
of mediastinal or subcarinal lymph node also plays the
critical role in the classification (10). The false positive rate
of the noninvasive staging reaches 25% to 40%, and it is
recently reported that the clinical nodal overstaying rate is
43%. However, the invasive method such as mediastinoscopy
or biopsy is done with varying frequency and effectiveness.
(11-13). Therefore, the clinical stage evaluation of IITA-N2
NSCLC patients is needed to be more precise and the issue
whether IITA (cN2) cases are resectable or unresectable
(treated mainly with chemotherapy or radiation) is still
controversial.

The Surveillance, Epidemiology, and End Results
(SEER) database of the National Cancer Institute provides
information on cancer occurrences in 18 areas of United
States and covers approximately 26% of the population (14).
We perform this database study to evaluate the outcomes
of patients treated with surgery, radiation, or both of them
with different sequences. In addition, we investigate several
relevant potential factors to clarify how they affect the
outcome and hope to provide more information for clinical
treatment decision-making.

Methods
Data collection

We conducted this retrospective study using the data
retrieved from SEER database of National Cancer Institute
through the SEER*Stat software version 8.3.2. For we had
no access to the identities of patients included, the informed
consent was not deemed as necessary in this population-
based research.

Histologically confirmed NSCLC patients diagnosed
between 2004 and 2011 were selected by us from SEER.
Patients were further specified as being clinical stage
ITIA [7™ editions of the American Joint Commission on
Cancer staging manual (8)] T1-3, N2, and MO. Patients
with missing data for treatment were excluded. The study
was approved by ethic community of Shandong Provincial
Hospital afflicted to Shandong University (ID: 2017-222).
All the experiments described here were performed in
accordance with the approved guidelines.

We collected relevant information of those patients,
which included patient ID, age, sex, characteristics of tumor
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(size, location, histologic type and differentiation grade)
and treatment details (surgical type and radiation sequence).
The outcome endpoints studied in this research are overall
survival (OS) and lung cancer-specific survival (LCSS).
Thus, we retrieved the vital status, cause of death and
survival months of the patients.

Subgroup definitions

In this study, included patients were grouped into different
sexes, ages, differentiation grades, tumor sizes and tumor
locations. According to International Classification of
Diseases for Oncology 3™ Edition (ICD-0-3) codes,
histologic subgroups were defined as adenocarcinoma,
squamous cell carcinoma and other types such as large
cell carcinoma. Surgical types were classified into partial/
wedge resection, lobectomy/bilobectomy and complete
pneumonectomy. Moreover, based on different treatment
modalities, patients were divided into five subgroups
including: (I) patients with no surgery or radiation; (II)
patients with surgery alone; (III) patients with radiation
alone; (IV) patients with radiation prior to surgery; (V)
patients with radiation after surgery.

Statistical analysis

The Kaplan-Meier method was used to estimate OS and
LCSS. OS was the interval from the time of diagnosis to
death of any cause, and LCSS was defined as the time from
diagnosis to death of lung cancer. We analyzed the OS and
LCSS as a function of 5 different treatment interventions
in overall patients and each of 19 subgroups and used the
log-rank test to evaluate the difference of survival between 5
treatment subgroups. Cox Proportional Hazards Regression
Model was used to estimate the effects of multiple variables
on survival. All tests were two-sided and P values less than
0.05 were considered to be statistically significant. All
statistical analyses were conducted using SPSS statistics
(version 22, IBM).

Results
Study population

Based on the inclusion criteria, 98,700 IITA-cN2 NSCLC
patients diagnosed from 2004 to 2011 were identified from
SEER database, including 55,208 males and 43,492 females.
Among the patients, 47,568 (48.19%) were without surgery
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Table 1 Patient demographics, tumor characteristics, and management of patients included

Number of patients (N=98,700)

Characteristics No surgery or Only surgery ~ Only radiation  Radiation priorto  Radiation after P
radiation (n=47,568) (n=5,419) (n=35,283) surgery (n=1,390) surgery (n=9,040)

Sex <0.001
Male 26,352 2,719 20,484 780 4,873
Female 21,216 2,700 14,799 610 4,167

Age <0.001
<65 13,812 2,205 15,022 887 4,797
>65 33,756 3,214 20,261 503 4,243

Histology <0.001
Adenocarcinoma 14,414 2,656 10,822 495 3,788
Squamous carcinoma 8,461 1,161 9,733 399 1,994
Other 21,057 999 12,179 399 2,617

Location <0.001
Left 17,017 2,326 12,934 491 3,178
Right 27,640 3,050 21,316 884 5,545

Tumor size (cm) <0.001
<3 9,759 2,431 6,888 354 3,128
3-5 10,844 1,544 8,881 407 2,347
5-7 6,685 698 6,517 279 1,162
>7 5,301 375 5,280 190 770

Differentiation <0.001
Well 899 341 646 33 183
Moderately 3,953 1,937 4,195 247 1,463
Poorly 10,712 2,336 10,997 575 2,858

Surgery type <0.001
Partial/wedge resection - 1,081 - 85 748
Lobectomy/bilobectomy - 3,644 - 821 1,903
Complete pneumonectomy - 537 - 161 213

or radiation, 5,419 (5.49%) were given surgery alone, 35,283
(35.75%) were treated with radiotherapy alone, 1,390 (1.41%)
were given radiation prior to surgery, 9,040 (9.16%) were
given radiation after surgery. The patient demographics and
tumor characteristics were listed in Table 1.

Univariate and multivariate analysis

In the Cox hazard analysis, after testing the proportional
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hazards assumption, we selected variables including sex,
age, tumor histology, size, location, differentiation degree,
surgery type and therapy. According to the result of
univariate Cox-regression analysis, male, age >65, squamous
and other histologic types, larger tumor, poor differentiation
degree were associated with shorter OS and LCSS.
Compared with the male (reference), the hazard ratio, 95%
confidence interval [HR (95% CI)] of the female was 0.864
(0.853, 0.876) for OS and 0.847 (0.834, 0.860) for LCSS.
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In comparison with the younger (age <65), HR (95% CI)
was 1.341 (1.323, 1.360) for OS and 1.344 (1.324, 1.365) for
LCSS in elder (age >65) patients. When adenocarcinoma
was considered as reference, the HR (95% CI) was 1.065
(1.047, 1.084) for OS and 1.072 (1.051, 1.094) for LCSS in
squamous carcinoma patients, and other histologic types
had HR (95% CI) of 1.373 (1.352, 1,393) for OS and 1.373
(1.350, 1,396). For surgical types, lobectomy/bilobectomy
with HR (95% CI) of 0.576 (0.543, 0.610) for OS and 0.538
(0.503, 0.574) for LCSS and complete pneumonectomy
with 0.747 (0.682, 0.817) for OS and 0.712 (0.640, 0.792)
for LCSS have the better outcomes, compared with partial/
wedge resection. All of P values were less than 0.05 except
the location of tumor (P=0.406 for OS and 0.282 for LCSS).

In the multivariable analysis of OS and LCSS, the
variables of sex, age, tumor size, differentiation degree,
surgery type and therapy were statistically significant
(P<0.001), with only squamous cell carcinoma (P=0.902 for
OS and 0.329 for LCSS) excluded. Results of univariate and
multivariate Cox regression of prognostic factors for OS
and LCSS in stage IIIA (¢cN2) NSCLC patients were stated
in Table 2.

According to multivariable analysis, the outcomes of
four different managements were significantly improved
from that of the patients without any surgery or radiation
(reference). HRs (95% CI, P) for patients given surgery
alone were 0.632 (0.598, 0.668), P<0.001 for OS and 0.586
(0.550, 0.625), P<0.001 for LCSS. For patients treated with
radiation alone, HRs (95% CI, P) were 0.712 (0.701, 0.722),
P<0.001 for OS and 0.725 (0.714, 0.738), P<0.001 for
LCSS. Among the patients given both, the HRs (95% CI,
P) were 0.516 (0.480, 0.556), P<0.001 for OS and 0.471
(0.433, 0.513), P<0.001 for LCSS in patients given radiation
prior to surgery and were 0.565 (0.549, 0.581), P<0.001 for
OS and 0.522 (0.506, 0.539), P<0.001 for LCSS in patients
treated by radiation after surgery.

Survival analysis

The OS, LCSS were estimated by Kaplan-Meier method
(Figures 1,2), which showed that for those IITA-cN2
patients, all of the four treatments improved the survival of
patients (P<0.001). Survival of patients treated with surgery
was better than that of patients treated by radiotherapy
alone (P<0.001). Besides, radiation prior to surgery was
the optimal sequence among the four managements. The
survival analysis by log-rank test showed that there were
significant differences between each two of them with every

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

4049

P value less than 0.001.

In the subgroup analysis, the same optimal order of the
managements was observed in every subset. Based on the
results of OS analysis, in the subgroups of age >65 (P=0.902),
adenocarcinoma (P=0.279), tumor size <3 c¢cm (P=0.170),
well differentiated (P=0.360) patients, the survival of
patients treated by radiation prior to surgery showed
insignificantly difference from that of patients given surgery
alone. Besides, there was no significant difference between
natural outcome and outcome of patients given radiation
alone (P=0.132) in well differentiation group.

According to the LCSS analysis, preoperative radiation
showed significant superior to surgery alone in male
(P<0.001), right lung location (P=0.019), tumor of 5-7 cm
(P=0.005) and poorly differentiated (P<0.001) patients.
Moreover, in well differentiated patients, compared with
natural outcome, the survival improvement of radiation
was insignificant (P=0.490). The P values of the overall and
every subset survival analysis were listed in Table 3 for OS
and Table 4 for LCSS.

Discussion

The role of surgery in stage IIIA (N2) NSCLC patients
was still controversial. Radiotherapy or surgery had been
operated singly or in combination to control the local
tumor. It was reported in many studies that induction
treatment followed by surgery had a survival benefit in
selected IIIA (N2) NSCLC patients (15-19); however,
several trials had failed to demonstrate the superiority
of surgery over chemoradiotherapy (20-22). The main
causes of the debate were the heterogeneity of stage
IITA definition ranging from T1N2-T3N2 (8,9) and the
variation of determination of N2, including pathologically
proven N2 (pN2) in the resected specimen or biopsy and
radiologically determined clinical N2 (23). In previous
studies comparing the different treatment sequences of
this stage patients, eleven trials and meta-analysis reported
that postoperative radiotherapy (PORT) was detrimental
to patients with cancer resection and shall not be used in
the routine treatment of those patients (24-26). However,
there were some other trials pointing out that PORT was
no benefit or detriment to survival for stage III disease and
the effect was unclear, especially in patients with N2 (27,28).
Besides, one population-based study using data retrieved
from National Cancer Database (NCDB) showed that the
PORT improved survival of stage IIIA (pN2) NSCLC
patients treated with complete resection and multi-agent
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Figure 1 The Kaplan-Meier curves of OS in overall and subgroup patients. OS, overall survival.

chemotherapy (29).

The NCI SEER database covers approximately 28% of
the US population, which will include a larger population
size than other clinical trials (30). In addition, the
robustness of SEER database to determine the predictors of
survival outcomes has been underscored by the revisions to
the NSCLC AJCC TNM classification project (9,31,32). In
this effort, we analyzed the survival data of stage I1IA (cN2)
patients from SEER to compare the outcomes of different
treatments and explore the potential clinical factors related
with prognosis.

In our study, we investigated the survival data of stage
IITA (cN2) NSCLC patients with different managements,
mainly to investigate if the surgery benefited. The results
showed significant differences between OS in patients
without any treatments, patients with surgery only, patients
with radiation only, patients with radiation before surgery
and patients with radiation after surgery. The OS of
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patients with radiation before surgery was longer than any
other managements and all four treatments were superior to
natural outcomes in the overall population. In the subgroup
analysis, we found that the difference was not significant
between surgery alone group and radiation before surgery
group in age >65, adenocarcinoma, tumor size <3 cm and
well differentiated groups. Thus according to our results, we
suggested that for patients in those subgroups, preoperative
radiation was not necessary in improving the OS.

The finding about LCSS was similar to that of OS in
the overall patients. The LCSS was longest in patients with
radiation before surgery. All four treatments functioned for
outcomes of treated patients were significantly improved
compared with the untreated patients. However, the results
of subgroup analysis indicated that in comparison with
patients given surgery alone, preoperative radiation showed
significant superiority only in male, right lung location,
tumor size between 5 and 7 cm and poorly differentiated
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Figure 2 The Kaplan-Meier curves of LCSS in overall and subgroup patients. LCSS, lung cancer specific survival.

patients. In other subgroups, the effect of preoperative
radiation was unobvious. Besides, in well differentiated
group, radiation could not improve the prognosis, for the
outcome difference between patients given radiation and
untreated patients was not significant.

In the Cox-regression analysis, we concluded that male,
age >65, squamous and other histologic types, larger tumor,
poor differentiated patients were faced with higher death
risk. Besides, the parameter of tumor location was excluded
to be an independent prognostic factor. Other parameters
such as age, sex and tumor size were identified meaningful
factors.

However, our retrospective research was limited by
the lack of some related data from the database and did
not allow for randomization. The limitation of our study
was mainly due to the lack of chemotherapy data of
SEER. Many phase IIT RTOG clinical trials demonstrated
chemotherapy along with radiotherapy prolonged the

© Journal of Thoracic Disease. All rights reserved.
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survival of stage III (N2) and the effect of chemotherapy
could not be neglected (33). Moreover, it was possible that
patients who received chemotherapy would be more likely
to perform the operation, which would also cause the bias
to the results favoring the surgery. Second, the radiotherapy
arm of patients might be inoperable for comorbidities which
also influenced their survival (34). Third, SEER database
did not include many potential parameters influencing
outcomes such as specific mutations, forced expiratory
volume in 1 second and specific radiation technology.
Besides, the infiltrative N2 status, such as the station and
number of lymph nodes, was also considered to be valuable
in the multi-modality treatment decision on this stage
N2 patients as proposed by American College of Chest
Physicians recently, which might provide more references
for clinical research and practice.

In conclusion, our study showed that in SEER database,
preoperative radiation with surgery was used less frequently

J Thorac Dis 2017;9(10):4046-4056
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Table 3 P values of the log-rank test in Kaplan-Meier method analyzed OS
Variables P1v2 P1v3 P1v4 P1v5 P2v3 P2v4 P2v5 P3v4 P3v5 P4v5
Overall <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sex

Male <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Female <0.001 <0.001 <0.001 <0.001 <0.001 0.009  <0.001 <0.001 <0.001 <0.001
Age

<65 <0.001 <0.001 <0.001 <0.001 <0.001 0.011 <0.001 <0.001 <0.001 <0.001

>65 <0.001 <0.001 <0.001 <0.001 <0.001 0.902  <0.001 <0.001 <0.001 <0.001
Histology

Adenocarcinoma <0.001 <0.001 <0.001 <0.001 <0.001 0.279  <0.001 <0.001 <0.001 <0.001

Squamous carcinoma <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Other <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Location

Left <0.001 <0.001 <0.001 <0.001 <0.001 0.010  <0.001 <0.001 <0.001 <0.001

Right <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Tumor size (cm)

<3 <0.001 <0.001 <0.001 <0.001 <0.001 0.170  <0.001 <0.001 <0.001 <0.001

3-5 <0.001 <0.001 <0.001 <0.001 <0.001 0.015  <0.001 <0.001 <0.001 <0.001

5-7 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

>7 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Differentiation

Well <0.001 0.132  <0.001 <0.001 <0.001 0.360 0.003  <0.001 <0.001 0.017

Moderately <0.001 <0.001 <0.001 <0.001 <0.001 0.041 <0.001 <0.001 <0.001 <0.001

Poorly <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Surgery type

Partial/wedge resection - - - - - 0.974 0.017 - - 0.338

Lobectomy/bilobectomy - - - - - <0.001 0.003 - - <0.001

Complete pneumonectomy - - - - - 0.020 0.177 - - 0.235
Therapy

No surgery or radiation <0.001 <0.001 <0.001 <0.001 <0.001 - - - - -

Only surgery <0.001 - - - <0.001 0.010 <0.001 - - -

Only radiation - <0.001 - - <0.001 - - <0.001 <0.001 -

Radiation prior to surgery - - <0.001 - - 0.010 - <0.001 - <0.001

Radiation after surgery - - - <0.001 - - <0.001 - <0.001 <0.001

1, patients with no surgery or radiation; 2, patients with surgery only; 3, patients with radiation only; 4, patients with radiation prior to
surgery; 5, patients with radiation after surgery. OS, overall survival.
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Table 4 P values of the log-rank test in Kaplan-Meier method analyzed LCSS

Variable P1v2 P1v3 P1v4 P1v5 P2v3 P2v4 P2v5 P3v4 P3v5 P4v5
Overall <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sex

Male <0.001 <0.001 <0.001 <0.001 <0.001 0.007  <0.001 <0.001 <0.001 <0.001

Female <0.001 <0.001 <0.001 <0.001 <0.001 0.092  <0.001 <0.001 <0.001 <0.001
Age

<65 <0.001 <0.001 <0.001 <0.001 <0.001 0.204  <0.001 <0.001 <0.001 <0.001

>65 <0.001 <0.001 <0.001 <0.001 <0.001 0.887  <0.001 <0.001 <0.001 <0.001
Histology

Adenocarcinoma <0.001 <0.001 <0.001 <0.001 <0.001 0.020  <0.001 <0.001 <0.001 <0.001

Squamous carcinoma <0.001 <0.001 <0.001 <0.001 <0.001 0.007  <0.001 <0.001 <0.001 <0.001

Other <0.001 <0.001 <0.001 <0.001 <0.001 0.002  <0.001 <0.001 <0.001 <0.001
Location

Left <0.001 <0.001 <0.001 <0.001 <0.001 0.195  <0.001 <0.001 <0.001 <0.001

Right <0.001 <0.001 <0.001 <0.001 <0.001 0.019  <0.001 <0.001 <0.001 <0.001
Tumor Size

<3 <0.001 <0.001 <0.001 <0.001 <0.001 0.431 <0.001 <0.001 <0.001 <0.001

3-5 <0.001 <0.001 <0.001 <0.001 <0.001 0.073  <0.001 <0.001 <0.001 <0.001

5-7 <0.001 <0.001 <0.001 <0.001 <0.001 0.005  <0.001 <0.001 <0.001 <0.001

>7 <0.001 <0.001 <0.001 <0.001 <0.001 0.279 0.051 <0.001 <0.001 0.008

Differentiation

Well <0.001 0.490 <0.001 <0.001 <0.001 0.851 <0.001 <0.001 <0.001 0.055
Moderately <0.001 <0.001 <0.001 <0.001 <0.001 0.638  <0.001 <0.001 <0.001 0.038
Poorly <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Surgery type
Partial/wedge resection - - - - - 0.799 0.023 - - 0.236
Lobectomy/bilobectomy - - - - - <0.001 0.049 - - <0.001
Complete pneumonectomy - - - - - 0.296 0.284 - - 0.933
Therapy
No surgery or radiation <0.001 <0.001 <0.001 <0.001 <0.001 - - - - -
Only surgery <0.001 - - - <0.001 0.010  <0.001 - - -
Only radiation - <0.001 - - <0.001 - - <0.001 <0.001 -
Radiation prior to surgery - - <0.001 - - 0.010 - <0.001 - <0.001
Radiation after surgery - - - <0.001 - - <0.001 - <0.001 <0.001

1, patients with no surgery or radiation; 2, patients with surgery only; 3, patients with radiation only; 4, patients with radiation prior to
surgery; 5, patients with radiation after surgery. LCSS, lung cancer specific survival.
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in patients of clinical stage IIIA-cN2 disease, but had
the most encouraging survival outcomes compared with
radiation or surgery alone. However, in several subsets, such
as the elder, adenocarcinoma, smaller tumor size and well
differentiated patients, the preoperative radiotherapy was
not necessary with the purpose of improving survival. In
addition, the PORT was less recommended for those patients
in this stage because of no significant outcome improvement.
Further study was warranted to investigate the related clinical
factors more comprehensively and analyze the survival
benefit with the chemotherapy or tri-modality data to reach
a more accurate conclusion for clinical therapy. Besides, the
new treatment such as targeting therapy and immunotherapy
could be evaluated and offer more options for the treatment
of this stage patients in the future.
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