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Postoperative radiotherapy
might be a risk factor for
second primary lung cancer:
A population-based study
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and Jinming Yu***

Department of Cardiovascular Medicine, The First Affiliated Hospital of Shantou University Medical
College, Shantou, China, ?Department of Radiation Oncology, Shandong Cancer Hospital and
Institute, Shandong First Medical University and Shandong Academy of Medical Sciences, Jinan, China,
sDepartment of Oncology, The Affiliated Hospital of Southwest Medical University, Luzhou, China

Background: Surgery is the main curative therapeutic strategy for patients with
initial primary lung cancer (IPLC). Most international guidelines recommend
regular follow-ups after discharge to monitor patients for tumor recurrence
and metastasis. As the overall survival (OS) in patients with lung cancer
improves, their risk of secondary primary lung cancer (SPLC) increases.
Previous studies on such patients lack separate assessment of different
survival outcomes and evaluation of high-risk factors for SPLC. Therefore, we
aimed to determine the correlation between high-risk factors and causes of
death in patients with SPLC, based on the Surveillance, Epidemiology, and End
Results (SEER) database.

Methods: We screened the SEER database for patients with IPLC and SPLC
from 2004 to 2015 and included only patients who underwent surgery since
the IPLC and in whom the cancer was pathologically verified of an International
Classification of Diseases grade of 0-3 and to be non-small-cell lung cancer.
The standardized incidence ratio (SIR) was calculated between variables and
SPLC. Multivariable Cox proportional-hazards regression analyses were
conducted to calculate the correlation of different variables with overall
survival (OS) and cancer-specific survival (CSS). A competing-risk model was
conducted for SPLC. The effect of baseline bias on survival outcomes by
performing propensity score matching analysis in a 1: 6 ratio (SPLC: IPLC).

Results: For patients aged 0-49 years, the overall SIR was higher in older
patients, reaching a maximum of 27.74 in those aged 40-49 years, and at 11.63
in patients aged 50-59 years. The overall SIR was higher for patients who were
more recently diagnosed with IPLC and increased with time after diagnosis.
Male sex, SPLC (hazard ratio, 1.6173; 95% confidence interval, 1.5505-1.6869;
P < 0.001), cancer grade Il or IV, lower lobe of the lung, advanced stage and
postoperative radiotherapy (PORT) were independently detrimental to OS. In
terms of CSS, PORT was a high-risk factor.
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Conclusions: Postoperative radiotherapy is a risk factor for second primary
lung cancer and detrimental to overall and cancer-specific survival in patients
who had initial primary lung cancer. These data support the need for life-long
follow-up of patients who undergo treatment for IPLC to screen for SPLC.

KEYWORDS

initial primary lung cancer, secondary primary lung cancer, standardized incidence
ratio (SIR), postoperative radiotherapy, overall survival (OS), cancer-specific

survival (CSS)

Introduction

Lung cancer is one of the main causes of cancer-related
deaths worldwide (1). Although various therapies have been
used for local control, reduction of recurrence, and palliative
care, including targeted therapy (2), immunotherapy (3), and
radiotherapy, surgery remains the most important curative
treatment. Although treatment modalities vary, most
international guidelines recommend regular follow-up and
chest computed tomography after discharge; however, the
duration and frequency of optimal follow-up remains unclear.
The main focus in the follow-up of patients with initial primary
lung cancer (IPLC) after discharge is monitoring of recurrence
and evaluation of treatment effectiveness. The occurrence of
second primary lung cancer (SPLC) requires careful attention as
the expected overall survival (OS) of patients with lung cancer is
improving, which is accompanied by increased risk of SPLC in
the patient population (4, 5).

Compared to the population with no lung cancer history, the
risk of developing SPLC among patients who have had IPLC is
the highest in the first year after treatment and remains high at
10 years (6). However, the current diagnostic criteria for SPLC
are not standardized. There is also a lack of consensus on the
cause of death and high-risk factors in patients diagnosed with
SPLC. Many research teams have explored these issues. For
example, one team developed a risk prediction model based on
the metabolomic profiles of 82 SPLC cases and 82 frequency-
matched IPLC controls; they proposed the use of an untargeted
metabolomics approach to screen patients who have had IPLC
and identify those at a high risk of SPLC (7). Smoking pack-years
and smoking intensity have been repeatedly mentioned as risk
factors for SPLC (8, 9). However, to our knowledge, the different
causes of death have not been explored in patients with SPLC,
despite probable differences in risk factors influencing cancer-
specific survival (CSS), cardiovascular-related death, and chronic
obstructive pulmonary disease (COPD)-related death. Such
differences have been confirmed in unpublished studies by our

Frontiers in Oncology

02

research group. Moreover, for patients who develop SPLC, there
is a need to explore whether the two primary tumors are
completely independent events and whether the same risk
factors have similar effects on both.

Therefore, we conducted a study in which we separately
analyzed the different survival outcomes, with the aim of
determining the correlation between high-risk factors and
causes of death in patients with SPLC based on the
Surveillance, Epidemiology, and End Results (SEER) database.
We hope that our findings will help improve screening of the
high-risk population for timely treatment and provide guidance
for clinicians in monitoring the patients’ condition during
regular follow-ups.

Materials and methods
Patient selection

Within Surveillance, Epidemiology and End Results (SEER)-
18 registries, cancer patients who were diagnosed at 2001-2015
had been reviewed. We screened the SEER database for patients
with initial (n = 589,722) and second (n = 11,105) primary
cancers in the lungs and bronchi. Among these, we included only
patients who underwent surgery since the IPLC was diagnosed
and those in whom the cancer was pathologically verified to have
an International Classification of Diseases grade of 0-3 and to be
non-small-cell lung cancer. We excluded patients for whom the
cancer grade, stage, laterality, and/or radiation treatment status
were unknown. SPLC was defined by the well-established
Martini and Melamed criteria: if the new tumor was diagnosed
over 2 years after the IPLC diagnosis, or the histology of new
tumor is different from the histology of IPLC developed within 2
years (9, 10). Considering the definition of SPLC, we decided to
also exclude patients with a survival time of <24 months. For
analysis in this study, we treated IPLC and SPLC in the same
patient as independent events.

frontiersin.org


https://doi.org/10.3389/fonc.2022.918137
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mo et al.

Ethics statement

This study was based on the SEER database and was
conducted in compliance with the tenets of the Declaration of
Helsinki. Permission was obtained to access the files containing
the SEER program research data (reference number: 15388-
Nov2020). Informed consent was not required because the
patients were not personally identifiable.

Statistical analysis

Statistical analyses were performed using Stata MP 16
(StataCorp LLC) and R 4.0 software and R package ggforest
and ggsurvplot to visualizes the data were used to generate
graphs. The variables analyzed for all patients were race, sex, age,
primary site, tumor grade, laterality, tumor histology, staging,
radiotherapy status, chemotherapy status, and record. The
observation endpoints of the study were OS, CSS,
cardiovascular-related death, and COPD-related death, all
extracted from the SEER database. Observed/Expected (O/E)
ratios (with 95% confidence intervals (CI)) of second primary
malignancies (SPC) among these cases were calculated by
comparison to the age-adjusted cancer incidence in the general
population through SEER*stat software (version 8.3.8) for the
patients’ cohort as well as for patients’ subgroups that were
defined according to clinicopathological characteristics (age,
race, sex, treatment, and SEER summary stage). The
standardized incidence ratio (SIR) was used to express the
observed disease incidence of our cohort relative to the

10.3389/fonc.2022.918137

expected disease incidence in the general population. Chi-
square tests of independence (for categorical data) and
Student’s t-tests (for continuous data) were used to compare
baseline characteristics between the IPLC and SPLC groups. We
attempted to minimize the effects of latent differences by
performing propensity score matching analysis. Matching was
performed for race, age, and cancer stage and histology. We
stratified the baseline characteristics of matched patients
according to the occurrence of SPLC. Univariate and
multivariable Cox proportional-hazards regression analyses
were used to calculate the correlation between different
variables and OS, CSS, cardiovascular-related death, and
COPD-related death. The cumulative incidence of SPLC was
calculated with a competing-risk model. All statistical tests were
two-sided, and statistical significance was set at P < 0.05.

Results
Patient demographics

After applying the inclusion and exclusion criteria, a sample
of 91,883 patients with IPLC and 7,117 with SPLC were included
for the analysis. After rigorously screening, we included 58,719
patients in the IPLC group and 6,815 in the SPLC group
(Figure 1). We matched patients with IPLC to those with
SPLC in a 6: 1 ratio because of the disparity in group sizes.
Baseline characteristics of included patients in the current study
were detailed in Table 1. The majority of included patients in
IPLC groups were females (58.0%), white race (85.4%) and aged

SEER database 2001-2015
Lung and bronchus (IPLC)
N = 589722

SEER database 2001-2015
Lung and bronchus (SPLC)
N =11105

B Hist/behavior of lung cancer

Included based on ICD-0-3

and received surgery

IPLC: N=100781

SPLC: N=8115
Excluded based on unknown of
< Grade, Stage, Laterity,
Radiation, Suvival time within
24 months
IPLC: N= 58719
SPLC: N=6815

FIGURE 1
Selection strategy of patients.
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between 60 and 69 (39.1%). 29126 patients (93.9%) who did not
receive postoperative radiotherapy (PORT) and 25381 patients
(81.8%) who did not receive chemotherapy. Here, 94.6% of
patients were in early stage of lung cancer. 58.1% of patients
had Grade I or II, while 60.7% of tumor were located in upper
lobe of lung. Those patients in SPLC groups were females
(56.0%), white race (85.4%) and aged between 60 and 69
(39.2%). Here, 450 patients (7.2%) who received PORT and
1288 patients (20.6%) who received chemotherapy. The mean of
interval time between IPLC and SPLC was 54.8 months. As
summarized in Table 1, patient sex, cancer grade, PORT status,
and chemotherapy status significantly differed between
the groups.

10.3389/fonc.2022.918137

SIR according to baseline characteristics

The whole patients’ cohort of SPLC as well as for patients’
subgroups were defined according to clinicopathological
characteristics which were detailed in Table 2. The overall SIR
was 4.68 compared to the general US population, which was
significant and this means a high risk of SPLC. We firstly
observed an increase in SIR of age at diagnosis, with 0-49
(27.74, 95% CI, 23.83-32.11), 50-59 (11.63, 95% CI, 10.98-
12.31), 60-69 (6.44, 95% CI, 6.23-6.65), 70-79 (4.3, 95% CI,
4.18-4.42) and 280 (3.28, 95% CI, 3.14-3.43). Similarly, calendar
year of diagnosis showed gradually changing trend, with 2000-
2005 (2.28, 95% CI, 2.14-2.42), 2006-2010 (4.56, 95% CI, 4.41-

TABLE 1 All Patients after propensity score matching, stratified by Second Primary Lung Cancer (SPLC) vs. Initial Primary Lung Cancer (IPLC).

non-PORT
(N=31013)
Sex
Female 17997 (58.0%)
Male 13016 (42.0%)
Age
0-49 1807 (5.8%)
50-59 6467 (20.9%)
60-69 12127 (39.1%)
70-79 9076 (29.3%)
80+ 1536 (5.0%)
Race
White 26488 (85.4%)
Black 2682 (8.6%)
Others 1843 (5.9%)
Primary

18810 (60.7%)
9487 (30.6%)
165 (0.5%)
1827 (5.9%)

Upper lobe, lung
Lower lobe, lung
Main bronchus

Middle lobe, lung

Others 724 (2.3%)
Grade

Iand IT 18024 (58.1%)

I and IV 9668 (31.2%)

Others 3321 (10.7%)

Summary stage
29330 (94.6%)
1683 (5.4%)

Early stage

Advanced stage

PORT
non-PORT 29126 (93.9%)
PORT 1887 (6.1%)
Chemotherapy

non-Chemotherapy 25381 (81.8%)

Chemotherapy 5632 (18.2%)
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PORT
(N=6260)

P-value

3504 (56.0%)
2756 (44.0%)

0.0028

322 (5.1%)
1255 (20.0%)
2453 (39.2%)
1894 (30.3%)

336 (5.4%)

0.0517

5345 (85.4%)
561 (9.0%)
354 (5.7%)

0.517

3811 (60.9%)
1891 (30.2%)
31 (0.5%)
352 (5.6%)
175 (2.8%)

0.226

3325 (53.1%) <0.001
2318 (37.0%)

617 (9.9%)

5927 (94.7%)
333 (5.3%)

0.755

5810 (92.8%) 0.00112

450 (7.2%)

4972 (79.4%) <0.001

1288 (20.6%)
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TABLE 2 Standardized incidence ratios for second lung cancer risk in patients with lung cancer by characteristic.
Standardised incidence rate ratio

Characteristic (0] E SIR (O/E) (95% CI)

Total 13041.00 2787.63 4.68 % 4.60-4.76
Age at diagnosis, years

0-49 179.00 6.45 27.74* 23.83-32.11
50-59 1183.00 101.70 11.63 * 10.98-12.31
60-69 3646.00 566.24 6.44 * 6.23-6.65
70-79 4816.00 1119.91 430 * 4.18-4.42
80+ 2017.00 614.43 3.28% 3.14-3.43

Calendar year of diagnosis

2000-2005 1018.00 447.21 228 % 2.14-2.42
2006-2010 3635.00 796.96 4.56 * 4.41-4.71
2011-2015 5838.00 965.00 6.05 * 5.890-6.21

Latency period, months

6-11 739.00 403.61 1.83 * 1.70-1.97
12-35 3041.00 864.25 3.52% 3.39-3.65
35-59 2946.00 457.98 6.43 * 6.20-6.67
60-119 4063.00 53593 7.58 * 7.35-7.82
>120 1052.00 146.96 7.16 * 6.73-7.6
Race
White 10159.00 2070 491* 4.81-5.00
Black 1108.00 23.00 476 * 4.48-5.05
Other 572.00 101.77 5.62* 5.17-6.10
Unknown 2.00 391 0.51 0.06-1.85
Laterality
Right 6621.00 1368.01 4.84 % 4.72-4.96
Left 5124.00 977.59 524 * 5.10-5.39
Grade
I 1257.00 243.36 517 * 4.88-5.46
11 3858.00 631.01 6.11 % 5.92-6.31
111 3670.00 660.97 5.55* 5.37-5.74
v 462.00 94.41 4.89 * 4.46-5.36
Unknown 2594.00 778.99 3.33* 3.320-3.46
Sex
Male 5545.00 1328.04 4.18* 4.07-4.29
Female 6296.00 1080.70 5.83* 5.68-5.97
RT
No 10528.00 2182.08 482 % 4.73-4.92
Prior to 245.00 34.29 7.14 * 6.28-8.10
PORT 1016.00 183.03 5.55* 5.21-5.90
Chemotherapy
No 8095.00 1584.54 5.11%* 5.00-5.22
Yes 3746.00 824.20 4.55* 4.40-4.69

Excess risk is per 10,000.

Confidence intervals are 95%.

* P<0.05.

4.71), 2011-2015 (6.05, 95% CI, 5.890-6.21). Moreover, SIR of 119 months (7.58, 95% CI, 7.35-7.82), =120 months (7.16, 95%
SPLC was obviously higher with longer latency period, changing CI, 6.73-7.6). When observed variable was laterality, left (5.24,
from 6-11 months (1.83, 95% CI, 1.70-1.97), 12-35 months (3.52, 95% CI, 5.10-5.39) was higher than right (4.84, 95% ClI, 4.72-
95% CI, 3.39-3.65), 36-59 months(6.43, 95% CI, 6.20-6.67), 60- 4.96). Female showed higher SIR (5.83, 95% CI, 5.68-5.97) than
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male (4.18, 95% CI, 4.07-4.29). Consistent with consensus,
tumor grade II and III held higher SIR, with 1(5.17, 95% CI,
4.88-5.46), 1I (6.11, 95% CI, 5.92-6.31), III (5.55, 95% CI, 5.37-
5.74), IV (54.89, 95% CI, 4.46-5.36). Considering of therapies,
chemotherapy (4.55, 95% CI, 4.40-4.69) showed a lower SIR
than non-Chemotherapy (5.11, 95% CI, 5.00-5.22).

Risk factors detrimental to OS in patients
with lung cancer

Since multiple variables of SPLC had higher SIR, we
performed propensity score matching analysis in a 1: 6 ratio
(SPLC: IPLC) to examine the influence to OS from primary lung
cancer record and other variables. Adjusted survival curve
showed the change in survival outcomes over time among
patients with SPLC vs IPLC (HR, 1.6173; 95% CI, 1.5505-
1.6869; P < 0.001) (Figure 2). According to the multivariable
analysis, male sex (hazard ratio [HR], 1.2089; 95% CI, 1.1632-
1.2564; P < 0.001), cancer grade III or IV (HR, 1.1770; 95% CI,
1.1287-1.2275; P < 0.001), lower lobe of the lung (HR, 1.0940;
95% CI, 1.0483-1.1417; P < 0.001), advanced stage (HR, 1.4767;
95% CI, 1.3718-1.5895; P < 0.001), PORT (HR, 1.7651; 95% CI,
1.6536-1.8841; P < 0.001), and chemotherapy (HR, 1.4836; 95%
CI, 1.4134-1.5574; P < 0.001) were independently detrimental to
OS. Furthermore, we noticed that the HR increased with age: 50-
59 (HR, 1.5038; 95% CI, 1.0926-1.3264; P < 0.001), 60-69 (HR,
1.5774; 95% CI, 1.4392-1.7288; P < 0.001), 70-79 (HR, 1.8154;
95% CI, 1.6526-1.9941; P < 0.001) and >80 (HR, 2.3105; 95% CI,
2.0470-2.6079; P < 0.001) years (Figure 3).

Record

10.3389/fonc.2022.918137

Detrimental and beneficial factors for
different prognostic endpoints

After finding that secondary lung cancer group was
detrimental to OS, we tried to explore whether different
variables played the same role in the two treatments for
patients with secondary lung cancer group, especially the
treatment modality. We divided patients who developed SPLC
finally into initial lung cancer group and secondary lung cancer
group by their primary lung cancer stage. In the initial lung
cancer group, male sex (HR, 1.2177; 95% CI, 1.1404-1.3003; P <
0.001), older age (HR, 1.1031; 95% CI, 1.0641-1.1435; P < 0.001),
PORT (HR, 1.2916; 95% CI, 1.1420-1.4607; P < 0.001), and
adenocarcinoma (HR, 1.1071; 95% CI, 1.0613-1.1548; P < 0.001)
were independently detrimental to CSS, while white race (HR,
0.9125; 95% CI, 0.8545-0.9745; P = 0.006) and chemotherapy
(HR, 0.8872; 95% CI, 0.8123-0.9691; P = 0.008) were
independently beneficial to CSS. Impact of PORT on death
from lung cancer was further evaluated among different
clinically defined subgroups (according to age at diagnosis, sex,
race, grade, primary site, and summary stage). The result showed
that female (HR, 1.264; 95% CI, 1.076-1.486; P = 0.004), white
race (HR, 1.170; 95% CI, 1.031-1.328; P = 0.015), 50-59 years
(HR, 1.330; 95% CI, 1.043-1.696; P = 0.022), 60-69 years (HR,
1.410; 95% CI, 1.177-1.690; P < 0.001), upper lobe (HR, 1.166;
95% CI, 1.022-1.329; P = 0.022), adenocarcinoma(HR,
1.317; 95% CI, 1.111-1.560; P = 0.001), tumor grade I or II
(HR, 1.265; 95% CI, 1.051-1.522; P = 0.013), early stage(HR,
1.189; 95% CI, 1.050-1.347; P = 0.006) were prone to SPLC. In
the secondary lung cancer group, older age (HR, 1.0974; 95% CI,

IPLC =k SPLC

1.00

e
3
o

Survival probability
g

o
N
o

P <0.001

0.00

0 50

Number at risk

100
Time

150 200

21501 14748
15772 10353

Record

SPLC

6435
4298

1941
1269

83
54

0 50

FIGURE 2

100 150 200

Time

Forest plot of association between survival and SPLC diagnosis (vs. IPLC) in multivariable cox regression.
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Hazard ratio
Sex Female reference
Male 1,2089
(11635 = 1.2564) A <0.001
Race White reference
Black 11059 i
(1.0345 - 1.1821) —— 0.0031
Othe 0.7689 v
e (0.7024-0.8417) W <0.001
Age @0 reference
50-59 1.2038 -
(1.0926 = 1.3264) —— <0.001
60-69 1.5774 e
(1.4392 - 1.7288) e <0.001
70-79 18154
(1.6526 - 1.9941) —-—— <0.001
80+ 23105
(2.0470 - 2.6079) ————— <0.001
IPLCISPLC IPLC reference
SPLC 1.6173 P
(1.5505 - 1.6869) - <0.001
Primary Site Upper lobe, lung reference
L lobe, It 1.0940 P
it (1.0483 = 1.1417) i <0.001
Main bronchus 09191
©7134-1.1847) T M 051401
Middle lobe, lun 1.0321
2 (0.9470 = 1.1249) =i = 0.47174
Others 1.2876
(1.1544~1.4363) — <0.001
Grade lend It reference
Ilhand IV 1.1770, v
o (1.1287 - 1.2275) i <0.001
Others. 1,0214
(0.9572 - 1.0898) — 0.52322
Summary Stage Early stage reference
Advanced stage 1.4767
¢ (1.3718 - 1.5895) ——— <0.001
PORT non-PORT reference
PORT 1.7651
(1.6536 - 1.8841) —— <0.001
Chemotherapy non-Chemotherapy reference
Chemothera 14836,
il (14134 = 1.5574) i <0.001
1 15 2 25 3
FIGURE 3

Adjusted survival curves for survival possibility among patients with SPLC vs. IPLC.

1.0527-1.1439; P < 0.001), cancer grade III or IV (HR, 1.1662;
95% CI, 1.1155-1.2193; P < 0.001), advanced stage (HR, 1.7984;
95% CI, 1.6307-1.9835; P < 0.001), and chemotherapy (HR,
1.3838; 95% CI, 1.2663-1.5123; P < 0.001) were independently
detrimental to CSS while PORT showed no significant different
(HR, 1.0150; 95% CI, 0.8845-1.1648; P = 0.832)(Figure 4).
Furthermore, we examined the influence of chemotherapy to
OS (HR, 0.9300; 95% CI, 0.8600-1.000; P = 0.049) (Figure 5).
Lung cancer survivors had high risk of SPLC and PORT for
IPLC might be detrimental for patients with SPLC. Meanwhile,
considering of CSS, patients might benefit from chemotherapy
who diagnosed IPLC, while benefit from chemotherapy who
diagnosed SPLC when the endpoint was OS.

Discussion

Patients who have undergone surgery for lung and bronchus
cancer have a high risk of recurrence and death rate, even after
complete resection (11). Therefore, follow-ups and regular
monitoring after discharge are crucial. However, doctors
normally pay more attention to IPLC than to the possibility of
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SPLC. As there is a lack of research on SPLC, we used the SEER
database to explore high-risk factors for different causes of death
in patients with SPLC. Our study suggested that lung cancer
survivors have high risk of SPLC and PORT for IPLC may be
detrimental with SPLC. The results may guide clinicians in
treatment and disease monitoring in patients with primary

lung cancer.

SIR and high-risk variables

First, we notice that the stratified SIR is higher than the
overall SIR of 4.68 in this table. We believe that it indicates that
patients diagnosed with IPLC have a high tendency of
developing SPLC. This may be ascribed to the unique
structure of the lungs; they are composed of loose connective
tissue. In simple terms, when a certain part of the lung develops a
tumor, both it and other high-risk factors cause widespread
changes in the lung tissue; the surrounding lung tissues share the
same carcinogenic environment and undergo corresponding
changes. Second, with the improvements in equipment and
technology, such as low-dose computed tomography and other
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screening methods, detection of SPLC has improved (12). This
may be why we observed an increase in SIR as the year of IPLC
diagnosis approached the present. Third, young and middle-
aged patients are expected to have a longer survival time than
older patients upon diagnosis with IPLC, which is the likely
reason why patients aged 0-49 had a higher SIR (27.74) than
older patients. Specifically, the SIR at diagnosis seems to
gradually increase up to a peak in the fifth decade of life. With
advancing therapeutic, lung cancer survivors are rapidly
increasing in number. Clinical trials, treatment guidelines and
further research for SPLC are needed.

PORT as a high-risk factor

From our results, the risk of SPLC may be even higher than
previously thought. This risk seems to be underestimated by
clinicians, as there have been few published studies on the risk
factors for SPLC (13). In a previous study of patients in the SEER
database, radiotherapy for IPLC seemingly did not affect the
development of SPLC (14). Therefore, we explored the risk that
PORT and chemotherapy poses in terms of different death
outcomes as treatment for initial lung cancer group and
secondary lung cancer group in those same patients. We used
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appropriate methods to adjust for competing risks and revealed
that PORT for IPLC was detrimental to CSS for patients
with SPLC.

Although PORT is performed with the aim of reducing the
recurrence risk in patients with lung cancer, it is not indicated
for every patient. For example, Leroy et al. suggested that
patients who received postoperative thoracic radiotherapy were
at higher risk than those who did not after complete non-small-
cell lung cancer resection (15). In a study on patients with stage
IITA-N2 non-small-cell lung cancer, receiving 3D-conformal
PORT was not associated with a higher disease-free survival
rate than not receiving PORT. A higher proportion of SPLC(5%)
was observed in the PORT group than in the control group(1%),
which was inferior to cardiopulmonary. Patients with SPLC
could not be excluded whether they were affected by PORT
(16). which will require more detailed analyses. In a study on
rectal cancer, the cumulative incidence of mortality was higher
in patients who received radiotherapy than in those who did not,
as they generally had more advanced disease, although death was
a strong competitor for second primary malignancy in both
patient groups (17). Moreover, epidemiological data suggest that
most second solid cancers in patients who received radiation
followed a linear dose response (18). The second cancer may be
induced directly by the radiation beam passing through the
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normal tissue or by intermediate radiation products, resulting in
the induction, deletion, or transcription of genes in normal cells
(19). Compared to patients who did not undergo surgical
resection, those who did were more likely to sustain damage to
their normal cells upon irradiation. This indicates that any dose
increase to the surrounding tissue may result in treatment-
induced second cancer and a corresponding reduction in
survival benefit. Radiation may induce second primary tumors
not only in the target organ but also in other regions. There is a
clear trend of a higher relative risk of second cancers in organs
outside of the irradiated target compared to patients who were
not irradiated (20-25). There is a need to study the mechanism
by which PORT affects patient survival outcomes. Moreover,
there is a clear need not only to improve radiotherapy techniques
to minimize normal tissue doses but also to develop combination
therapies. The addition of chemotherapy is widely recognized to
have an additive effect in the development of second tumors
(26). In our study, chemotherapy for IPLC seemed to benefit
patients with SPLC in terms of CSS and cardiovascular-related
death. It is unlikely that the results of this study regarding PORT
were biased by chemotherapy, as PORT and chemotherapy had
opposite effects on survival outcomes.

Our results suggest that there are several high-risk factors for
the development of SPLC in patients who were treated for IPLC,
most notably those receiving PORT for IPLC. Hence, treatment
strategies may need to be changed for this population and
regular follow-ups are vital. Thus, the emerging challenge in
lung cancer treatment is to identify patients who will benefit
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from PORT or chemotherapy and who will derive no additional
benefit or even have an increased risk of SPLC following
such treatment.

Previous study has shown that tobacco smoking was a risk
factor for SPLC among IPLC patients (8), but data on smoking
status and specific radiotherapy techniques were not available in
the SEER database and were not included in this analysis. In
addition, one relevant question concerns the relationship
between radiotherapy techniques in patients with SPLC on
survival and how radiotherapy techniques contribute to
survival differences. Future directions should aim to elucidate
these relationships and mechanism.

Conclusion

Following IPLC surgery, it is of utmost importance to
monitor patients for the development of SPLC, as survival
time for such patients is increasing. Multiple factors, including
a longer time since and a younger age at IPLC diagnosis, yield a
higher SIR for the development of SPLC. Furthermore, PORT
for IPLC is significantly detrimental to CSS and OS.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fonc.2022.918137
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mo et al.

Author contributions

YM designed the work and wrote the manuscript. MC and
MW analyzed and interpreted the patient data. DC was
responsible for the management and coordination of the
planning and execution of research activities. DC and JY
revised the manuscript. JY was the major contributor in
writing the manuscript. All authors contributed to the article
and approved the submitted version.

Funding

Natural Science Foundation of China, Grant/Award Number:
82172676; Science Foundation of Shandong, Grant/Award
Number: ZR2020LZL016 and ZR2021YQ52; Foundation of
Bethune Charitable, Grant/Award Number: 2021434953; Young
Elite Scientist Sponsorship Program By Cast, Grant/Award
Number: No. YESS20210137; Foundation of National Natural
Science Foundation of China, Grant/Award Number: 81627901,
81972863 and 82030082.

References

1. Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Vansteenkiste J,
et al. Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO
clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol
(2017) 28(suppl_4):ivl-iv21. doi: 10.1093/annonc/mdx222

2. Le X, Nilsson M, Goldman J, Reck M, Nakagawa K, Kato T, et al. Dual EGFR-
VEGF pathway inhibition: A promising strategy for patients with EGFR-mutant
NSCLC. J Thorac Oncol (2021) 16(2):205-15. doi: 10.1016/j.jtho.2020.10.006

3. Camidge DR, Doebele RC, Kerr KM. Comparing and contrasting predictive
biomarkers for immunotherapy and targeted therapy of NSCLC. Nat Rev Clin
Oncol (2019) 16(6):341-55. doi: 10.1038/s41571-019-0173-9

4. Detillon D, Driessen EJM, Aarts MJ, Janssen-Heijnen MLG, van Eijck CHJ, Veen
EJ. Changes in treatment patterns and survival in elderly patients with stage I non-small-
cell lung cancer with the introduction of stereotactic body radiotherapy and video-
assisted thoracic surgery. Eur ] Cancer (2018) 101:30-7. doi: 10.1016/j.jca.2018.06.016

5. Kapadia NS, Valle LF, George JA, Jagsi R, D'Amico TA, Dexter EU, et al. Patterns
of treatment and outcomes for definitive therapy of early stage non-small cell lung
cancer. Ann Thorac Surg (2017) 104(6):1881-8. doi: 10.1016/j.athoracsur.2017.06.065

6. Surapaneni R, Singh P, Rajagopalan K, Hageboutros A. Stage I lung cancer
survivorship: risk of second malignancies and need for individualized care plan.
J Thorac Oncol (2012) 7(8):1252-6. doi: 10.1097/JTO.0b013e3182582a79

7. Aredo JV, Purington N, Su L, Luo SJ, Diao N, Christiani DC, et al.
Metabolomic profiling for second primary lung cancer: A pilot case-control
study. Lung Cancer (2021) 155:61-7. doi: 10.1016/j.lungcan.2021.03.007

8. Aredo JV, Luo SJ, Gardner RM, Sanyal N, Choi E, Hickey TP, et al. Tobacco
smoking and risk of second primary lung cancer. ] Thorac Oncol (2021) 16(6):968—
79. doi: 10.1016/j.jth0.2021.02.024

9. Choi E, Luo SJ, Aredo JV, Backhus LM, Wilkens LR, Su CC, et al. The survival
impact of second primary lung cancer in patients with lung cancer. J Natl Cancer
Inst (2022) 114(4):618-25. doi: 10.1093/jnci/djab224

10. Martini N, Melamed MR. Multiple primary lung cancers. J Thorac
Cardiovasc Surg (1975) 70(4):606-12. doi: 10.1016/50022-5223(19)40289-4

11. Reuss JE, Anagnostou V, Cottrell TR, Smith KN, Verde F, Zahurak M, et al.
Neoadjuvant nivolumab plus ipilimumab in resectable non-small cell lung cancer.
J Immunother Cancer (2020) 8(2). doi: 10.1136/jitc-2020-001282

12. Oudkerk M, Liu S, Heuvelmans MA, Walter JE, Field JK. Lung cancer LDCT
screening and mortality reduction - evidence, pitfalls and future perspectives. Nat
Rev Clin Oncol (2021) 18(3):135-51. doi: 10.1038/s41571-020-00432-6

Frontiers in Oncology

10

10.3389/fonc.2022.918137

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.918137/full#supplementary-material

SUPPLEMENTARY FILE S1
Subgroup analysis between PORT and non-PORT group with IPLC.

13. Choi E, Sanyal N, Ding VY, Gardner RM, Aredo JV, Lee J, et al.
Development and validation of a risk prediction model for second primary lung
cancer. J Natl Cancer Inst (2022) 114(1):87-96. doi: 10.1093/jnci/djab138

14. Song X, Hu Z, Tian Y, Guo Y. Does irradiation for initial primary lung
cancer affect the risk of metachronous second primary lung cancer? Radiat Environ
Biophys (2021) 60(3):475-83. doi: 10.1007/s00411-021-00923-9

15. Leroy T, Monnet E, Guerzider S, Jacoulet P, De Bari B, Falcoz PE, et al. Let
us not underestimate the long-term risk of SPLC after surgical resection of NSCLC.
Lung Cancer (2019) 137:23-30. doi: 10.1016/j.lungcan.2019.09.001

16. Le Pechoux C, Pourel N, Barlesi F, Lerouge D, Antoni D, Lamezec B, et al.
Postoperative radiotherapy versus no postoperative radiotherapy in patients with
completely resected non-small-cell lung cancer and proven mediastinal N2
involvement (Lung ART): an open-label, randomised, phase 3 trial. Lancet Oncol
(2022) 23(1):104-14. doi: 10.1016/S1470-2045(21)00606-9

17. Wang TH, Liu CJ, Chao TF, Chen TJ, Hu YW. Second primary malignancy
risk after radiotherapy in rectal cancer survivors. World ] Gastroenterol (2018) 24
(40):4586-95. doi: 10.3748/wjg.v24.i40.4586

18. Berrington de Gonzalez A, Gilbert E, Curtis R, Inskip P, Kleinerman R,
Morton L, et al. Second solid cancers after radiation therapy: A systematic review of
the epidemiologic studies of the radiation dose-response relationship. Int J Radiat
Oncol Biol Phys (2013) 86(2):224-33. doi: 10.1016/j.ijrobp.2012.09.001

19. Philadelphia PLippincott, Williams & Wilkins. Principles of cancer
management: Radiation therapy-biologic consideration: Adverse effects of
radiation. In: Cancer: Principles & practice of oncology (ed 6).

20. Birgisson H, Pahlman L, Gunnarsson U, Glimelius B. Occurrence of second
cancers in patients treated with radiotherapy for rectal cancer. J Clin Oncol (2005)
23(25):6126-31. doi: 10.1200/JC0O.2005.02.543

21. Grantzau T, Thomsen MS, Vaeth M, Overgaard J. Risk of second primary
lung cancer in women after radiotherapy for breast cancer. Radiother Oncol (2014)
111(3):366-73. doi: 10.1016/j.radonc.2014.05.004

22. Milano MT, Li H, Gail MH, Constine LS, Travis LB. Long-term survival
among patients with hodgkin's lymphoma who developed breast cancer: A
population-based study. J Clin Oncol (2010) 28(34):5088-96. doi: 10.1200/
JCO.2010.29.5683

23. Morton LM, Gilbert ES, Hall P, Andersson M, Joensuu H, Vaalavirta L, et al.
Risk of treatment-related esophageal cancer among breast cancer survivors. Ann
Oncol (2012) 23(12):3081-91. doi: 10.1093/annonc/mds144

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.918137/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.918137/full#supplementary-material
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.1016/j.jtho.2020.10.006
https://doi.org/10.1038/s41571-019-0173-9
https://doi.org/10.1016/j.ejca.2018.06.016
https://doi.org/10.1016/j.athoracsur.2017.06.065
https://doi.org/10.1097/JTO.0b013e3182582a79
https://doi.org/10.1016/j.lungcan.2021.03.007
https://doi.org/10.1016/j.jtho.2021.02.024
https://doi.org/10.1093/jnci/djab224
https://doi.org/10.1016/S0022-5223(19)40289-4
https://doi.org/10.1136/jitc-2020-001282
https://doi.org/10.1038/s41571-020-00432-6
https://doi.org/10.1093/jnci/djab138
https://doi.org/10.1007/s00411-021-00923-9
https://doi.org/10.1016/j.lungcan.2019.09.001
https://doi.org/10.1016/S1470-2045(21)00606-9
https://doi.org/10.3748/wjg.v24.i40.4586
https://doi.org/10.1016/j.ijrobp.2012.09.001
https://doi.org/10.1200/JCO.2005.02.543
https://doi.org/10.1016/j.radonc.2014.05.004
https://doi.org/10.1200/JCO.2010.29.5683
https://doi.org/10.1200/JCO.2010.29.5683
https://doi.org/10.1093/annonc/mds144
https://doi.org/10.3389/fonc.2022.918137
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mo et al.

24. Storm HH. Second primary cancer after treatment for cervical cancer. Late
effects after radiotherapy. Cancer (1988) 61(4):679-88. doi: 10.1002/1097-0142
(19880215)61:4<679::aid-cncr2820610411>3.0.c0;2-s

25. Ye JC, Yan W, Christos P, Nori D, Chao KS, Ravi A. Second cancer, breast
cancer, and cardiac mortality in stage T1aNO breast cancer patients with or without

Frontiers in Oncology

11

10.3389/fonc.2022.918137

external beam radiation therapy: a national registry study. Clin Breast Cancer
(2015) 15(1):54-9. doi: 10.1016/j.clbc.2014.07.003

26. Dores GM, Metayer C, Curtis RE, Lynch CF, Clarke EA, Glimelius B, et al. Second
malignant neoplasms among long-term survivors of hodgkin's disease: a population-based
evaluation over 25 years. ] Clin Oncol (2002) 20(16):3484-94. doi: 10.1200/JC0O.2002.09.038

frontiersin.org


https://doi.org/10.1002/1097-0142(19880215)61:4%3C679::aid-cncr2820610411%3E3.0.co;2-s
https://doi.org/10.1002/1097-0142(19880215)61:4%3C679::aid-cncr2820610411%3E3.0.co;2-s
https://doi.org/10.1016/j.clbc.2014.07.003
https://doi.org/10.1200/JCO.2002.09.038
https://doi.org/10.3389/fonc.2022.918137
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Postoperative radiotherapy might be a risk factor for second primary lung cancer: A population-based study
	Introduction
	Materials and methods
	Patient selection
	Ethics statement
	Statistical analysis

	Results
	Patient demographics
	SIR according to baseline characteristics
	Risk factors detrimental to OS in patients with lung cancer
	Detrimental and beneficial factors for different prognostic endpoints

	Discussion
	SIR and high-risk variables
	PORT as a high-risk factor

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


