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Background: Second primary lung cancer (SPLC) occurs not rarely in recent years. The effect of
radiotherapy on SPLC remains unclear. This study aims to explore the survival outcome of SPLC patients
with clinical stage T'1 lung cancer previously treated with radiotherapy.

Methods: A total of 705 SPLC patients that previously underwent radiotherapy for first primary lung
cancer (FPLC) were identified from the Surveillance, Epidemiology, and End Results (SEER) database
between 2004 and 2016. Univariate and multivariate Cox regression analyses were performed to find
prognostic factors. The survival outcomes were plotted using Kaplan-Meier (KM) method and compared by
log-rank test. Additionally, propensity score matching (PSM) analyses were used to compare overall survival
(OS) and lung cancer-specific survival (CSS) between radiotherapy and other treatment groups for SPLC.
Results: According to Cox analyses, age >62 years [hazard ratio (HR): 1.48, 95% confidence interval (CI):
1.10-1.99; P=0.010], SPLC tumor size >1 cm (HR: 1.95, 95% CI: 1.51-2.53; P<0.001), and treatments
for SPLC as chemotherapy (HR: 1.39, 95% CI: 1.13-1.71; P=0.002), no surgery (HR: 2.00, 95% CI:
1.34-2.98; P=0.001) and no radiotherapy (HR: 1.73, 95% CI: 1.39-2.15; P<0.001) independently indicated
worse survival. After PSM, patients treated with radiotherapy for SPLC had significantly better OS and
CSS than the none-treatment (OS: P=0.004; CSS: P<0.001), chemotherapy (P<0.001) or radiotherapy plus
chemotherapy (OS: P=0.032; CSS: P=0.008) groups, but demonstrated a worse OS than the surgery group
(P=0.034).

Conclusions: Surgery may be more beneficial to survival than radiotherapy and chemotherapy and should
be considered first if possible. When patients cannot tolerate surgery, radiotherapy can be an effective

alternative.
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Introduction

Lung cancer remains the one with the highest cancer-
related mortality in the world (1). In recent years, the rapid
advancement and wide application of low-dose computed
tomography (CT) have made it possible to find more cases
of lung cancer (2). Multiple primary lung cancer (MPLC),
which was defined in 1975 by Martini and Melamed (3),
also showed an increased incidence as the development of
screening methods. Patients diagnosed with first primary
lung cancer (FPLC) might be of a high risk for developing a
second primary lung cancer (SPLC) (4). One previous study
reported 2.95% of 156,494 lung cancer patients suffered
a SPLC in the study population from the Surveillance,
Epidemiology, and End Results (SEER) database between
1992 and 2007 (5). In spite of the fact that an inspiring
survival outcome has been obtained for early-stage lung
cancer (6), the clinical management and prognosis of SPLC
patients still remain unclear. Considering the worse survival
of SPLC patients, it is particularly necessary to conduct
prognostic studies for selecting potential survival indicators
and identifying optimal treatment strategies.

Currently, surgical resection predominates in the
curable medical interventions for early-stage lung cancer.
Radiotherapy, which has gone through high-quality
improvements in the past decades, can be an effective
alternative to surgery. Stereotactic ablative radiotherapy
(SABR) has been considered the standard treatment for
inoperable early-stage lung cancer patients, especially the
elderly (7). Several studies also showed a similar survival
outcome between surgical resection and SABR (8,9).
However, little is known about the effect of radiotherapy on
the survival of SPLC patients.

The SEER database collected the cancer data of incidence
and survival that covered approximately 30% of the American
cancer patients. Specifically, the dataset of multiple primary
cancer in this database is available, which defines MPLC
based on the followings: (I) topography; (II) histology; (III)
solitary tumors that located at each lung; (IV) time interval
between the diagnosis of two tumors more than 3 years; or
(V) more than 60 days between the first in situ carcinoma
and the second invasive carcinoma (10,11). Actually, in
spite of the commonly-accepted Martini criteria (3),
it is still difficult to distinguish MPLC from pulmonary
metastasis. Thus, in the present study, we identified SPLC
patients that previously received radiotherapy for FPLC
from the SEER database and compared the survival
outcome between radiotherapy and other treatments
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for SPLC. The prognostic factors were also determined
by analyzing the clinical and therapeutic characteristics
associated with SPLC patients. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-2024).

Methods
Study population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Patients
diagnosed with SPLC between 2004 and 2016 were
identified from SEER database. The initial search strategy
was set as: (I) number of tumors: two (person selection
session); (II) tumor site: “lung and bronchus” (site recode
ICD-0-3/WHO 2008); (III) sequence number for tumors
(multiple primary fields): 1st and 2nd of two or more
primaries; and (IV) diagnosis year of first primary tumor:
2004-2016. By further selection, we only enrolled clinical
T1 stage FPLC (tumor size <3 cm) patients who received
radiotherapy (radiation recode: beam radiation) without
undergoing surgical resection for FPLC (Figure I). Since
the SEER database was used publicly, all data included are
anonymous and the relevant requirement about informed
consent was thus waived. This study has been approved to
be exempted research for no human subject involved by
the Ethics Committee of Peking Union Medical College
Hospital.

Patients’ characteristics

The demographic characteristics of patients from SEER
database included age at diagnosis of FPLC, race (white,
black and others), sex (male and female), tumor size [CS
tumor size (2004-2015)], tumor laterality (right and left),
tumor site (primary site-labeled: upper lobe, middle lobe,
lower lobe and main bronchus), clinical TNM stage of
FPLC [derived AJCC TNM, 7th ed (2010-2015)]. Patients
were then restaged based on the 8th edition TNM staging
system (12). The TNM stage of SPLC was not included
in this study because there is still lack of evidence-based
staging tool for MPLC.

Treatment information included surgery [RX Summ-
Surg Prim Site (1998+): code 33 (lobectomy), code
21 (wedge resection) and code 22 (segmentectomy)],
chemotherapy and radiotherapy (radiation recode: beam
radiation). Wedge resection and segmentectomy were
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Patients with two primaries of lung
cancer in SEER database between
2004 and 2016 (n=11,226)
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Exclude patients who did not receive radiotherapy
(radiation recode: beam radiation) for first primary

Y

Y

Patients with two primary lung
carcinomas (n=2,993)

Y

lung cancer or unknown (n=8,233)

Exclude patients who underwent surgical resection

\d

Patients with two primary
carcinomas (n=2,312)

for first primary lung cancer (n=681)

® Exclude patients with tumor size >3 cm of first

Y

Patients with two primary
carcinomas (n=705)

¢ Exclude patients who died within one month after

primary lung cancer (n=1,594)

diagnosis of second primary lung cancer (survival
was recorded as 0 month; n=13)

Figure 1 The selection flowchart of the study cohort from the SEER database. SEER, Surveillance, Epidemiology, and End Results.

integrated into sublobar resection group. The follow-up
and survival data were also extracted from the database with
the information update time that ended in December, 2016.
Overall survival (OS) and disease (lung cancer)-specific
survival (CSS) were used to compare the survival outcome.
In the analyses of CSS, only deaths for lung cancer-related
cause (COD to site recode: “lung and bronchus”) were
counted. This study focused on the survival time after the
diagnosis of SPLC. The time interval (months) between the
diagnoses of both primaries was also calculated.

Statistical analysis

From the SEER database, two kinds of variables (continuous
and classified) that described patients’ demographic
characteristics were obtained using SEER*Stat software
(version 8.3.5). P value <0.05 (two-side) was considered
statistically significant. The continuous variables included
age at diagnosis, tumor sizes of both primary tumors and
diagnosis interval. All statistical analyses were performed
using R software (version 3.6.3; http://www.r-project.org).
With considering clinical usefulness, continuous variables
were categorized into classified ones, using a k-adaptive
partitioning algorithm (“kaps” R package), which provides
an effective approach to identifying optimal cutoff points
of continuous variables in the prognostic studies (13). To
find potential prognostic factors for SPLC patients, Cox
proportional hazard analyses were performed by forward
stepwise regression. Variables with certain significance
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(P value <0.10) in the univariate analysis were selected
for multivariate analysis. Survival curves of OS and CSS
were constructed using Kaplan-Meier (KM) method and
compared by log-rank test. Besides, to conduct more
reliable survival comparisons, propensity score matching
(PSM; “Matchlt” R package) was used to compare
the survival outcome between radiotherapy and other
treatments for SPLC. Demographic characteristics between
after-matching groups were compared by Pearson’s Chi
square test (or Fisher’s exact test when necessary).

Results
Demographic characteristics

There was a total of 705 SPLC patients enrolled in our
study, including 301 males and 404 females (7able 1). The
median age was 71 [interquartile range (IQR): 66-77] years.
Among all patients, 84.4% [595] presented a FPLC
diagnosis age older than 62 years. The white race people
accounted for the majority of study population (86.0%,
606/705). All enrolled patients were marked as “Active”
follow-up. The median follow-up time since the diagnosis
of SPLC was 17 (IQR: 9-30) months, while that of the
interval between diagnoses of two primaries was 30 (IQR: 3—
52) months. Until the update time of follow-up, the OS rate
was 37.0% (261/705). Of all deaths, 339 (77.0%) patients
died from the lung cancer-related and 105 (23.0%) from
other causes. All patients received radiotherapy for FPLC,
while 215 (30.4%) patients also received chemotherapy.
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Table 1 Univariate and multivariate Cox regression analysis of OS for SPLC patients
Univariate analysis Multivariate analysis
Characteristics N 95% Cl 95% CI
HR P value HR P value
Lower  Upper Lower Upper
Age, years
<62 110 Reference - - - Reference - - -
>62 595 1.39 1.04 1.85 0.021 1.48 110 1.99 0.010
Race
White 606 Reference - - -
Black 71 1.21 0.90 1.64 0.973
Others 26 0.99 0.58 1.69 0.632
Unknown 2 1.41 0.35 5.65 0.632
Sex
Male 301 1.30 1.08 1.56 0.007
Female 404 Reference - - -
Diagnosis interval, months
<12 427 Reference - -
>12 278 1.14 0.94 1.384 0.19
FPLC
Tumor size, cm
<1.0 46 Reference - - -
>1.0 659 1.41 0.93 2.126 0.11
Laterality
Right 360 Reference - - -
Left 345 0.96 0.79 1.15 0.634
Tumor site
Upper lobe 460 Reference - - -
Middle lobe 35 1.34 0.89 2.01 0.165
Lower lobe 193 1.06 0.85 1.30 0.623
Main bronchus 3 1.10 0.35 3.42 0.874
Unknown 14 0.88 0.42 1.86 0.734
N stage
NO 527 Reference - - -
N1/2/3 29/114/35 1.30 1.05 1.61 0.015
M stage
MO 619 Reference - - -
M1 86 0.98 0.74 1.31 0.901

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2020;12(10):5376-5386 | http://dx.doi.org/10.21037/jtd-20-2024



5380

Table 1 (continued)

Wau et al. Second primary lung cancer after radiation

Univariate analysis

Multivariate analysis

Characteristics N 95% Cl 95% Cl
HR P value HR P value
Lower  Upper Lower Upper
Chemotherapy
Yes 215 1.08 0.88 1.31 0.480
No/unknown 490 Reference - - -
SPLC
Tumor size, cm
<4.0 455 Reference - - - Reference - - -
>4.0 88 1.90 1.47 2.47 <0.001 1.95 1.51 2.58 <0.001
Unknown 162 1.44 1.12 1.85 0.004 1.25 097 1.62 0.083
Laterality
Right 382 Reference - - -
Left 323 1.07 0.89 1.28 0.462
Tumor site
Upper lobe 388 Reference - - -
Middle lobe 36 1.06 0.70 1.62 0.776
Lower lobe 231 1.15 0.94 1.42 0.176
Main bronchus 14 1.86 1.04 3.33 0.036
Unknown 36 1.51 1.01 2.27 0.047
Surgery
Yes 57 Reference - - - Reference - - -
No 648 1.55 1.07 2.25 0.021 2.00 1.34 2.98 0.001
Surgical procedure
Sublobar resection 29 0.56 0.33 0.96 0.036
Lobectomy 19 0.58 0.31 1.10 0.094
Others/unknown 9 1.32 0.59 2.95 0.503
No 648 Reference - - -
Radiotherapy
Yes 514 Reference - - - Reference - - -
No/unknown 191 1.46 1.19 1.79 <0.001 1.73 1.39 2.15 <0.001
Chemotherapy
Yes 520 1.37 1.12 1.68 0.002 1.39 113 1.7 0.002
No/unknown 185 Reference - - - Reference - - -

OS, overall survival; SPLC, second primary lung cancer; FPLC, first primary lung cancer; HR, hazard ratio; Cl, confidence interval.
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Figure 2 Survival analysis for SPLC before PSM. (A) OS and (B) lung CSS analysis for all patients; (C) OS and (D) CSS analysis between

different treatment groups. SPLC, second primary lung cancer; PSM, propensity score matching; OS, overall survival; CSS, cancer-specific

survival; CI, confidence interval.

Univariate and multivariate Cox regression analysis

According to the univariate analysis (Table 1), a worse
survival following the diagnosis of SPLC was significantly
associated with age >62 years [hazard ratio (HR): 1.39, 95%
confidence interval (CI): 1.04-1.85; P=0.021], male sex (HR:
1.30, 95% CI: 1.08-1.56; P=0.007), positive N stage of
FPLC (HR: 1.30, 95% CI: 1.05-1.61; P=0.015) and SPLC-
related characteristics as tumor size >1 cm (HR: 1.90, 95%
CI: 1.47-2.47; P<0.001), main bronchus of tumor sites
(vs. upper lobe: HR: 1.86, 95% CI: 1.04-3.33; P=0.0306),
no surgery (HR: 1.55, 95% CI: 1.07-2.25; P=0.021), no
radiotherapy (HR: 1.46, 95% CI: 1.19-1.79; P<0.001) and
chemotherapy (HR: 1.37, 95% CI: 1.12-1.68; P=0.002).
Multivariate analysis showed that age >62 years (HR: 1.48,
95% CI: 1.10-1.99; P=0.010), tumor size >1 cm (HR:
1.95, 95% CI: 1.51-2.53; P<0.001) and three therapeutic

© Journal of Thoracic Disease. All rights reserved.

strategies of SPLC significantly influenced the survival
outcome. The absence of surgery (HR: 2.00, 95% CI: 1.34-
2.98; P=0.001) or radiotherapy (HR: 1.73, 95% CI: 1.39-
2.15; P<0.001) indicated a worse survival, while patients
with the absence of chemotherapy (chemotherapy vs. no
chemotherapy, HR: 1.39, 95% CI: 1.13-1.71; P=0.002)
showed a better survival.

Survival analysis before PSM

As shown in Figure 2, the median survival time for the
entire study population was 25 (95% CI: 23-28) months for
OS and 27 (95% CI: 23-30) months for CSS. The 1-, 3-
and S-year rates of OS were 73.2% (95% CI: 69.9-76.6%),
33.6% (95% CI: 29.7-38.0%) and 16.1% (95% CI:
12.6-20.6%), respectively, while those of CSS were 76.1%
95% CI: 72.6-79.7%), 37.8% (95% CI: 33.3-42.8%) and
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Surgery + radiotherapy + chemotherapy

Figure 3 The number and percentage of patients at each treatment strategy.

20.1% (95% CI: 15.7-20.7%), respectively (Figure 24,B).
The survival analysis of subgroups based on identified
prognostic indicators was showed in Figures S1,52. All the
five indicators demonstrated significant difference (P<0.05)
in both OS and CSS curves by log-rank test except age
>62 years, which did not present significantly worse lung
CSS than those with age <62 years (P=0.055; Figure S1B).

The treatment strategies for SPLC mainly included
surgery (4.7%, 33/705), radiotherapy (54.8%, 386/705),
chemotherapy (7.4%, 52/705) and radiotherapy plus
chemotherapy (16.3%, 115/705; Figure 3). There were
95 (13.5%) patients that received none of treatments.
The survival comparisons between the treatment groups
were shown in Figure 2C,D. The radiotherapy group
had significantly better survival than none-treatment
(P<0.001), chemotherapy (P<0.001) and radiotherapy plus
chemotherapy (OS: P=0.006; CSS: P<0.001) in both OS
and CSS curves. However, it seemed that the surgery group
performed better than radiotherapy but not significantly
(OS: P=0.200; CSS: P=0.240).

Survival analysis after PSM

Considering the data bias of demographic factors, PSM
between different treatment groups was used to minimize
confounding effects. The baseline characteristics (age, race,
sex, tumor size, laterality, tumor site and treatment strategies
for SPLC) were incorporated into matching analysis.
For each comparison, most of characteristics were well
matched (7ables S1-S4). Similarly, patients who underwent
radiotherapy for SPLC had significantly better OS and CSS
than the study population of none-treatment (OS: P=0.004;
CSS: P<0.001; Figure 4), chemotherapy (P<0.001; Figure
5A4,B) or radiotherapy plus chemotherapy (OS: P=0.032;

© Journal of Thoracic Disease. All rights reserved.

CSS: P=0.008; Figure 5C,D). However, after matching, the
surgery group demonstrated a significantly better OS than
radiotherapy (P=0.034; Figure 4C), though the difference of
CSS was not significant (P=0.540; Figure 4D).

Discussion

Currently, multiple lung carcinomas have not been the
rare cases since the wide application of low-dose CT.
MPLC, which has been reported more frequently in
recent years, remains to be an emerging challenge with
several issues that need to be urgently solved, including
accurate diagnoses, appropriate treatments and reasonable
follow-up periods. Actually, MPLC is difficult to be
distinguished from pulmonary metastasis, and could not
be well described and staged until the 8th edition TNM
staging system (12). Exactly as the criteria suggested by
Martini (3) and American College of Chest Physicians
(ACCP) (14), pathological information is the key to the
diagnosis. Thus, most of the present studies that focused on
MPLC only enrolled patients who previously underwent
surgical resection for FPLC. However, for patients that
received radiotherapy for FPLC, it is much more likely
to be incorrectly regarded as intrapulmonary metastasis
or recurrence when they developed a SPLC, leading to
missing optimal treatments. To our knowledge, very few
studies have focused on the occurrence of SPLC in patients
that previously received radiotherapy for FPLC. The SEER
database provided the potential study population of SPLC
patients, though by its own definition of multiple primaries.

The standard radical surgery for lung cancer patients
remains to be lobectomy, which achieves a sufficient and
safe excision region of tumor tissues, but causes more
comorbidities and higher mortalities than sublevel resection
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Figure 4 Survival analysis for SPLC after PSM between radiotherapy and none-treatment (A,B) or surgery (C,D) groups. SPLC, second
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or other noninvasive alternatives. Radiotherapy, led by
SABR recently, demonstrated encouraging therapeutic
effects with limited incidence of complications on early-
stage lung cancer (11,15). For inoperable patients with
early-stage lung cancer, SABR might be the first choice
and showed similar prognosis to surgical procedures (8,9),
though the long-term survival outcome needs to be further
validated by randomized controlled trials. Actually, the
previous studies indicated the feasibility of surgical resection
for SPLC, and showed a great survival outcome (16-18), but
whether radiotherapy is equally effective remains unclear.
Considering that SPLC patients had suffered the FPLC,
the physical conditions and pulmonary function reserve
may not permit another surgery. Thus, SABR shows a great
potential in terms of the treatment of SPLC.

This study identified the SPLC patients that previously
received radiotherapy for clinical T1 stage FPLC from
the SEER database. Besides age >62 years (HR: 1.48, 95%

© Journal of Thoracic Disease. All rights reserved.

CI: 1.10-1.99; P=0.010) and tumor size >1 ¢cm of SPLC
(HR: 1.95, 95% CI: 1.51-2.53; P<0.001), we found that
the survival time was also significantly associated with
therapy strategies (Table 1). It seemed that performing
surgery or radiotherapy could significantly improve survival
(Figure 2C,D; P<0.05). However, patients that received
chemotherapy had a worse survival than those who did
not. This might attribute to the fact that chemotherapy
was usually considered for seriously-ill diseases, such as
lymph node metastasis or distant metastasis. Additionally,
radiotherapy showed a slightly worse survival outcome than
surgery, though difference was not significant. Nevertheless,
both of radiotherapy and surgery groups performed with
significantly better OS and CSS than none-treatment group
and other therapy groups before PSM.

PSM is an effective method to minimize the side effects
of confounding factors. The survival comparisons between
radiotherapy and other groups were performed with well-
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Figure 5 Survival analysis for SPLC after PSM between radiotherapy and chemotherapy (A,B) or radiotherapy plus chemotherapy (C,D)
groups. SPLC, second primary lung cancer; PSM, propensity score matching.

matched baseline data (7ibles S1-S4). Similar to the differences
before matching, the radiotherapy group demonstrated
significantly better OS and CSS than none-treatment,
chemotherapy and radiotherapy plus chemotherapy
groups after PSM (P<0.05; Figures 4,5). However,
the surgery group had a significantly better OS than
radiotherapy (P=0.034; Figure 4C), but no such significance
was observed in the CSS curve (P=0.540; Figure 4D).
Although there was a limited number of patients that
underwent surgery and the CSS was not significantly
different between surgery and radiotherapy groups, surgical
resection might be more beneficial to the survival for SPLC
patients. Thus, surgical procedures should be considered
first if other conditions permitted. Despite that, many
SPLC patients might not tolerate the surgery because of
having suffered the treatments on FPLC. Then SABR
might be an effective alternative, which had been accepted

© Journal of Thoracic Disease. All rights reserved.

for SPLC in previous studies (19,20).

In addition to the clinical implications, there were several
methodological innovations in our study. Firstly, considering
the difficulty in establishing a large study cohort of SPLC,
the SEER database provides a lot of data of MPLC patients
for researches. Secondly, to identify potential prognostic
factors for SPLC, a k-adaptive partitioning algorithm was
used for the optimal categorization of continuous variables,
which is based on survival data and minimizes information
loss (13). Thirdly, the application of PSM made the survival
comparisons more reliable between treatment groups.

There are also some limitations that should be noted
in this study. The analyses we performed were based on
the observational and retrospective data from the SEER
database. Thus, the data bias and heterogeneity of the
population could not be avoided. In addition, the definition
criteria of MPLC in this database was not totally consistent

7 Thorac Dis 2020;12(10):5376-5386 | http://dx.doi.org/10.21037/jtd-20-2024
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with Martini’s (3) or ACCP’s (14), which mainly relies
on pathological information. This was limited by the
study population itself because the pathological data was
unavailable for patients that received radiotherapy for
FPLC. Furthermore, the surgery group consisted of much
fewer patients than the radiotherapy group. This might
attribute to the fact that many patients could not tolerate
the surgery, otherwise they could have received surgery
for FPLC. Therefore, whether surgical resection is more
beneficial to survival than radiotherapy deserves further
investigation in the future.

Conclusions

For patients who underwent radiotherapy for FPLC, the
survival outcome following the treatment of SPLC was
significantly associated with age >62 years, SPLC tumor size
>1 cm and treatment strategies for SPLC including surgery,
radiotherapy and chemotherapy. Overall, surgical resection
may be more beneficial to survival than other treatments
and should be considered first when patients’ physical
conditions permit. However, if patients cannot tolerate
surgery, radiotherapy can be an effective alternative.
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Table S1 Baseline characteristics after PSM between radiotherapy and none-treatment groups

Match for OS Match for lung CSS
Characteristics
Radiotherapy None P value Radiotherapy None P value
All 95 95 80 80
Age >62 years 81 (85.3) 81 (85.3) 1.000 66 (82.5) 66 (82.5) 1.000
Race 0.174 0.411
White 86 (90.5) 77 (81.1) 71 (88.8) 65 (81.2)
Black 7 (7.4) 14 (14.7) 7 (8.8) 12 (15.0)
Others 2(2.1) 4(4.2) 2 (2.5) 3(3.9)
Female 50 (52.6) 51 (53.7) 1.000 55 (68.8) 42 (52.5) 0.052
FPLC
Tumor size >1 cm 87 (91.6) 88 (92.6) 1.000 77 (96.2) 73(91.2) 0.327
Laterality-left 53 (55.8) 45 (47.4) 0.310 36 (45.0) 36 (45.0) 1.000
N stage (N1/2/3) 15 (15.8) 28 (29.5) 0.037 13 (16.2) 24 (30.0) 0.061
M stage (M1) 9 (9.5) 12 (12.6) 0.644 11 (13.8) 10 (12.5) 1.000
Tumor site 0.699 0.560
Upper lobe 60 (63.2) 59 (62.1) 54 (67.5) 52 (65.0)
Middle lobe 44.2) 6 (6.3) 3(3.8) 6 (7.5)
Lower lobe 28 (29.5) 29 (30.5) 20 (25.0) 21(26.2)
Unknown 3(3.2) 1(1.1) 3(3.8) 1(1.2)
Chemotherapy 11 (11.6) 28 (29.5) 0.004 8(10.0) 27 (33.8) 0.001
SPLC
Tumor size, cm 1.000 1.000
<4.0 45 (47.4) 45 (47.4) 39 (48.8) 39 (48.8)
>4.0 15 (15.8) 15 (15.8) 11 (13.8) 11 (13.8)
Unknown 35 (36.8) 35 (36.8) 30 (37.5) 30 (37.5)
Laterality 0.063 0.064
Right 56 (58.9) 49 (51.6) 40 (50.0) 41 (51.2)
Left 39 (41.1) 41 (43.2) 40 (50.0) 34 (42.5)
Unknown 0(0.0) 5(5.3) 0(0.0) 5(6.2)
Tumor site 0.004 0.017
Upper lobe 0 (0.0) 6 (6.3) 1(1.2) 4 (5.0)
Middle lobe 51 (563.7) 47 (49.5) 45 (56.2) 42 (52.5)
Lower lobe 6 (6.3) 4(4.2) 5(6.2) 4 (5.0)
Main bronchus 36 (37.9) 26 (27.4) 28 (35.0) 19 (23.8)
Unknown 2(2.1) 12 (12.6) 1(1.2) 11 (13.8)
Surgery 0 0 - 0 0 -
Radiotherapy 95 0 - 80 0 -
Chemotherapy 0 0 - 0 0 -

PSM, propensity score matching; OS, overall survival; CSS, cancer-specific survival; FPLC, first primary lung cancer; SPLC, second
primary lung cancer.



Table S2 Baseline characteristics after PSM between radiotherapy and surgery groups

Match for OS Match for lung CSS
Characteristics
Radiotherapy Surgery P value Radiotherapy Surgery P value
All 66 33 56 28
Age >62 years 36 (54.5) 18 (54.5) 1.000 26 (46.4) 13 (46.4) 1.000
Race 0.186 0.411
White 57 (86.4) 27 (81.8) 48 (85.7) 23 (82.1)
Black 8 (12.1) 3(9.1) 6 (10.7) 3(10.7)
Others 1(1.5) 3(9.1) 2(3.6) 2(7.1)
Female 33 (58.9) 16 (57.1) 0.052
FPLC
Tumor size >1 cm 64 (97.0) 33 (100.0) 0.801 53 (94.6) 28 (100.0) 0.533
Laterality-left 34 (51.5) 11 (33.3) 0.134 25 (44.6) 8 (28.6) 0.236
N stage (N1/2/3) 9(13.6) 14 (42.4) 0.003 11 (19.6) 13 (46.4) 0.021
M stage (M1) 9 (13.6) 4(12.1) 1.000 8 (14.3) 4 (14.3) 1.000
Tumor site 0.591 0.566
Upper lobe 1(1.5) 1(3.0 0 (0.0 1(3.6)
Middle lobe 31 (47.0) 19 (57.6) 33 (58.9) 16 (57.1)
Lower lobe 5(7.6) 3(9.1) 6 (10.7) 3(10.7)
Main bronchus 26 (39.4) 10 (30.3) 17 (30.4) 8 (28.6)
Unknown 3 (4.5) 0 (0.0 0(0.0) 0(0.0)
Chemotherapy 7(10.6) 17 (51.5) <0.001 6 (10.7) 16 (57.1) <0.001
SPLC
Tumor size, cm 0.966 0.965
<4.0 45 (68.2) 22 (66.7) 35 (62.5) 17 (60.7)
>4.0 5(7.6) 3(9.1) 5(8.9) 3(10.7)
Unknown 16 (24.2) 8(24.2) 16 (28.6) 8 (28.6)
Laterality-left 34 (51.5) 14 (42.4) 0.063 29 (51.8) 13 (46.4) 0.817
Tumor site 0.800 0.922
Upper lobe 1(1.5) 0(0.0) 34 (60.7) 16 (57.1)
Middle lobe 42 (63.6) 18 (54.5) 3(5.4) 1(3.6)
Lower lobe 4 (6.1) 2 (6.1) 18 (32.1) 10 (35.7)
Main bronchus 18 (27.3) 12 (36.4) 0(0.0) 0(0.0)
Unknown 1(1.5) 1(3.0 1(1.8) 1(3.6)
Surgery 0 33 - 0 28 -
Radiotherapy 66 0 - 56 0 -
Chemotherapy 0 0 - 0 0 -

PSM, propensity score matching; OS, overall survival; CSS, cancer-specific survival; FPLC, first primary lung cancer; SPLC, second
primary lung cancer.



Table S3 Baseline characteristics after PSM between radiotherapy and chemotherapy groups

Match for OS

Match for lung CSS

Characteristics
Radiotherapy Chemotherapy P value Radiotherapy Chemotherapy P value
All 104 52 96 48
Age >62 years 82 (78.8) 41 (78.8) 1.000 76 (79.2) 38 (79.2) 1.000
Race 0.928 0.783
White 92 (88.5) 45 (86.5) 78 (81.2) 41 (85.4)
Black 9(8.7) 5 (9.6) 14 (14.6) 5(10.4)
Others 3(2.9) 2 (3.9 44.2) 2(4.2)
Female 59 (56.7) 32 (61.5) 0.688 58 (60.4) 29 (60.4) 1.000
FPLC
Tumor size >1 cm 95 (91.3) 51 (98.1) 0.204 92 (95.8) 47 (97.9) 0.872
Laterality-left 53 (51.0) 24 (46.2) 0.692 51 (53.1) 22 (45.8) 0.517
N stage (N1/2/3) 16 (15.4) 28 (53.8) <0.001 19 (19.8) 25 (52.1) <0.001
M stage (M1) 13 (12.5) 6 (11.5) 1.000 11 (11.5) 6 (12.5) 1.000
Tumor site 0.174 0.726
Upper lobe 1(1.0 0 (0.0) 70 (72.9) 35 (72.9)
Middle lobe 73 (70.2) 37 (71.2) 3(3.1) 3(6.2)
Lower lobe 2(1.9) 3(5.8) 22 (22.9) 10 (20.8)
Main bronchus 20 (19.2) 12 (23.1) 0(0.0) 0(0.0)
Unknown 8(7.7) 0(0.0) 1(1.0) 0 (0.0
Chemotherapy 14 (13.5) 31 (59.6) <0.001 15 (15.6) 27 (56.2) <0.001
SPLC
Tumor size, cm 1.000 1.000
<4.0 60 (57.7) 30 (57.7) 56 (58.3) 28 (58.3)
>4.0 10 (9.6) 5(9.6) 10 (10.4) 5(10.4)
Unknown 34 (32.7) 17 (32.7) 30(31.2) 15(31.2)
Laterality 0.238 0.203
Right 55 (52.9) 31 (59.6) 50 (52.1) 29 (60.4)
Left 49 (47.1) 20 (38.5) 46 (47.9) 18 (37.5)
Unknown 0(0.0) 1(1.9) 0(0.0) 1@2.1)
Tumor site 0.446 0.229
Upper lobe 55 (52.9) 27 (51.9) 1(1.0) 0 (0.0
Middle lobe 4 (3.8) 4(7.7) 58 (60.4) 23 (47.9)
Lower lobe 41 (39.4) 17 (32.7) 6 (6.2) 4(8.3)
Main bronchus 0 (0.0 1(1.9) 30(31.2) 17 (35.4)
Unknown 4 (3.8) 3(5.8) 1(1.0) 4(8.3)
Surgery 0 0 - 0 0 -
Radiotherapy 104 0 - 96 0 -
Chemotherapy 0 52 - 0 48 -

PSM, propensity score matching; OS, overall survival; CSS, cancer-specific survival; FPLC, first primary lung cancer; SPLC, second

primary lung cancer.



Table S4 Baseline characteristics after PSM between radiotherapy and radiotherapy plus chemotherapy groups

Match for OS Match for lung CSS
Characteristio Radiotherapy Zi:gﬁ?:rzi; P value Radiotherapy Ziiir\c;torlizz)r;; P value
All 115 115 102 102
Age >62 years 91 (79.1) 91 (79.1) 1.000 79 (77.5) 79 (77.5) 1.000
Race 0.564 0.769
White 96 (83.5) 95 (82.6) 85 (83.3) 83 (81.4)
Black 14 (12.2) 13 (11.3) 13 (12.7) 13 (12.7)
Others 5(4.3) 5(4.3) 4(3.9) 5(4.9)
Unknown 0 (0.0 2(1.7) 0(0.0) 1(1.0)
Female 58 (50.4) 64 (55.7) 0.509 54 (52.9) 59 (57.8) 0.57
FPLC
Tumor size >1 cm 105 (91.3) 107 (93.0) 0.806 93 (91.2) 94 (92.2) 1.000
Laterality-left 66 (57.4) 54 (47.0) 0.146 54 (52.9) 50 (49.0) 0.674
N stage (N1/2/3) 18 (15.7) 42 (36.5) 0.001 16 (15.7) 38 (37.3) 0.001
M stage (M1) 8 (7.0) 20 (17.4) 0.027 14 (13.7) 18 (17.6) 0.564
Tumor site 0.942 0.785
Upper lobe 1(0.9) 1(0.9) 0(0.0) 1(1.0)
Middle lobe 70 (60.9) 75 (65.2) 73 (71.6) 67 (65.7)
Lower lobe 6(5.2) 4 (3.5) 3(2.9) 3(2.9)
Main bronchus 34 (29.6) 32 (27.8) 24 (23.5) 29 (28.4)
Unknown 4 (3.5) 3(2.6) 2 (2.0) 2 (2.0
Chemotherapy 14 (12.2) 81 (70.4) <0.001 12 (11.8) 69 (67.6) <0.001
SPLC
Tumor size, cm 0.938 0.983
<4.0 71 (61.7) 69 (60.0) 62 (60.8) 61 (59.8)
>4.0 19 (16.5) 21(18.3) 19 (18.6) 20 (19.6)
Unknown 25 (21.7) 25 (21.7) 21 (20.6) 21 (20.6)
Laterality
Right 65 (56.5) 61 (53.0) 0.127 61 (59.8) 56 (54.9) 0.314
Left 50 (43.5) 50 (43.5) 41 (40.2) 44 (43.1)
Unknown 0(0.0) 4 (3.5) 0(0.0) 2 (2.0
Tumor site 0.020 0.281
Upper lobe 0(0.0) 3(2.6) 1(1.0) 3(2.9)
Middle lobe 79 (68.7) 59 (51.3) 56 (54.9) 52 (51.0)
Lower lobe 6(5.2) 3(2.6) 5(4.9) 3(2.9)
Main bronchus 27 (23.5) 40 (34.8) 39 (38.2) 37 (36.3)
Unknown 3(2.6) 10 (8.7) 1(1.0) 7 (6.9)
Surgery 0 0 - 0 0 -
Radiotherapy 115 115 - 102 102 -
Chemotherapy 0 115 - 0 102 -

PSM, propensity score matching; OS, overall survival; CSS, cancer-specific survival; FPLC, first primary lung cancer; SPLC, second
primary lung cancer.



