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cancer: a competing risk nomogram based on the SEER database
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Background: With the improvement of survival for non-small cell lung cancer (NSCLC), research focused
on second primary malignancy (SPM) in NSCLC survivors is becoming urgent. This study aimed to estimate
the risk of SPM in NSCLC patients.

Methods: We retrospectively analysed NSCLC patients diagnosed between 2004 and 2010 in SEER
database. We firstly evaluated the crude and cumulative incidence of SPM. SPM incidence in NSCLC
survivors compared to that in the reference population was calculated as standardized incidence ratio (SIR).
A competing risk nomogram was also built, to predict the incidence of SPM.

Results: The crude and 10-year cumulative incidences of SPM were 4.04% and 5.05%, respectively, while
the SIR was 1.62. The nomogram was well calibrated and had good discriminative ability, with c-index of
0.80. It showed a significantly wide interval of SPM cumulative incidence between the first and tenth-decile
according to the risk model (1.04% wvs. 16.70%, P<0.05). The decision curve analysis indicated that the
clinical net benefit of risk model was larger than that in other scenarios (all-screening or no-screening) in a
range of threshold probabilites (1% to 20%).

Conclusions: Our study firstly performed a systematic estimation of the incidence of SPM in NSCLC,
which implied the necessity of a risk predicting model. We developed the first competing risk nomogram to
predict the risk of SPM, which performed well in the evaluation and might be helpful for individualized SPM

screening.
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Introduction to be 234,030 and 154,050 in 2018, respectively (1). About

O,
Lung cancer is the second most common cancer and the 85% of the lung cancer cases are non-small cell lung cancer

primary cause of cancer mortality in US (1). The number (NSCLC). Although 5-year survival rate was only 15%, it
of new cases and deaths of lung cancer in US are estimated has been reported that survival for NSCLC has improved
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because of the improvement in treatment and medical
care for NSCLC patients (2). With the improvement of
survival for NSCLC, studies on second primary malignancy
(SPM) in survivors from NSCLC patients are becoming
urgent. A single-center study of 569 patients showed that
the incidence for SPM in resected stage I NSCLC was
15% (3). Another research also reported an observed/
expected (O/E) ratio (2.04) of SPM for patients with stage
IA NSCLC in the United States (US) (4). While in stage
III NSCLC patients successfully treated with chemo-
radiotherapy, the O/E ratio was 2.8, which increased with
time (5). Hu ez 4l. reported that 1,412 (3.33%) survivors
from initial primary lung cancer developed metachronous
second primary lung cancer (6). Besides, when considering
about SPM, researchers mainly focus on the second primary
lung cancer, but actually SPMs are not just limited at lung,
but also involved other organs, which occupy a substantial
proportion (7). Although there are several studies about
SPM on patients with certain stage NSCLC (3-5),
comprehensive evaluation of SPM in all stages of NSCLC
patients is still warranted. Considering the increasing
number of survivors from NSCLC, a risk predicting model
for SPM in NSCLC patients is particularly needed for the
guidance of screening.

The present study was designed to evaluate the risk of
SPM in NSCLC patients utilizing the SEER database and
identify the clinical and demographic factors associated
with SPM risk. We tried to produce a competing risk
nomogram to predict SPM in NSCLC patients based
on subdistribution hazard methods. Moreover, we also
estimated the risk-stratification ability and clinical utility of
the risk predicting nomogram.

Methods
Data sources

The National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) database is a population-based
database that assembles data related to demographic,
incidence and survival of cancer patients in the US. SEER-
13 registries consist of patients from Atlanta, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, San Francisco-
Oakland, Seattle-Puget Sound, Utah, Los Angeles, San
Jose-Monterey, Rural Georgia and the Alaska Native
Tumor Registry, which covers approximately 13.4% of
the population in the US. Specifically, we extracted data
from the SEER-13 registries database (https://seer.cancer.
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gov/) by using the SEER*Stat software version 8.3.5
(accession number: 13693-Nov2015), to estimate the risk

of SPM in patients whose initial primary cancers (IPC) are
NSCLC (8,9).

Population cobort

We retrieved all records of patients diagnosed with NSCLC
as IPC between January 2004 and December 2010. The
study cohort composed of patients with the following
International Classification of Diseases for Oncology, Third
Edition ICD-0O-3), morphology codes: 8012/3, 8046/3,
8070/3, 8140/3, 8240/3, 8250/3, 8560/3 and 9053/3; and
the site codes: C33.9, C34.0, C34.1, C34.2, C34.3, C34.8
and C34.9 (10). The exclusion criteria were as follows: (I)
age at diagnosis younger than 18 years; (II) patients with
incomplete survival data and follow-up information; and (I1I)
patients with only autopsy or death certificate records. The
year 2004 was selected as the first year of the study given
that several employed covariates were introduced in SEER
in 2004 [American Joint Committee on Cancer: AJCC
Staging Manual (6th edition), http://www.cancerstaging.
org] (11). The year 2014 was set as the follow-up cutoff
date, ensuring that all included cases were followed up for
at least 4 years. Demographic and clinicopathological data
extracted from SEER database included age, gender, race,
marital status, IPC tumor site, tumor size, histologic type,
histologic grade, summary stage, TNM stage, surgery
history, follow-up information and SPM.

Definition of SPM

SPM of NSCLC is defined as a second primary cancer
with more than 6 months latency between SPM and IPC
based on Warren and Gates criteria (12). In addition, as
is proposed by Nael Martini and Myron R Melamed, a
second malignancy in lung specially can be considered to
be SPM if it fits any of the three criteria listed below: (I)
the histologic results of SPM and IPC are different; (II) the
latency between SPM and IPC is more than 2 years; (III)
the two tumors are located in different lobe and there is no
record of positive intervening lymph nodes and evidence of
metastasis (13). The selection criteria were summarized in

Figure S1.

Statistical analysis

The crude incidence of SPM was defined as the ratio
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of SPM cases among overall patients. The incidence of
SPM was compared to the expected incidence computed
using age-specific rates from a reference population in
the calculation of standardized incidence ratio (SIR)
and 95% confidence interval (CI). We calculated SIR of
SPM by SEER*Stat MP-SIR session. In consideration
of the different incidences and therapies outcomes
between squamous cell carcinoma (SCC) (23.1%) and
adenocarcinoma (ADC) (44.3%), we then analyzed SPM
in patients with NSCLC overall and different histological
groups respectively. In addition, we also analyzed how
SPM are influenced by some demographic or clinical
factors. Demographic and clinical factors considered here
were site of SPM, age at diagnosis of IPC, gender, race,
summary stage of IPC, latency and attained calendar year
of IPC.

We adopted a proportional subdistribution hazards
regression to obtain unbiased estimates of the risk of
SPM in the presence of competing risks, in order to
identify the clinical and demographic factors associated
with SPM risk (14). We regarded SPM and any cause
of death as two competing events in our competing-risk
analysis. We used the cumulative incidence function (CIF)
to show the probability for each event. The differences
in CIF between the groups were estimated by Gray’s
test. The variables to be included in the final prediction
model were selected based on the Bayesian information
criterion (15). Nomogram has been suggested as a reliable
tool to quantify the risk (16-19). We then built a competing-
risk nomogram based on Fine and Gray’s model to predict
the 3-, 5-, 10-year probability for patients with SPM.
Model performance was evaluated by discrimination and
calibration using a bootstrap cross-validation approach with
100 bootstrap resamples. We used the index of probability
of concordance between predicted probability and response
(c-index) to evaluate discrimination. Calibration was
evaluated using a calibration plot. We also examined the risk
stratification ability of the model because of some criticisms
of the c-index (20-22). Estimated risks are useful to identify
the high-risk individuals for prevention. We divided patients
into 10 groups by deciles based on estimated risks. We then
estimated CIF for each group using the Gray method and
compared them across the deciles (23). In order to assess
the potential clinical utility of our prediction nomogram, we
applied decision curve analysis by calculating its net benefit
(24,25). A model is clinically useful if the application of the
model produces a larger net benefit (24).

All statistical analyses were performed using R version
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3.4.2 software (Institute for Statistics and Mathematics,
Vienna, Austria; www.r-project.org). Statistical significance
was set at two-sided P<0.05.

Results
Population characteristic and SPM incidence

We identified 78,175 eligible NSCLC patients diagnosed
between 2004 and 2010. Characteristics of the study
population are listed in 7able 1. The median follow-up
was 10 months from the diagnosis of IPC (interquartile
range, 3-32 months). There were 3,161 (4.04%) patients
developing SPM during the follow-up period. The crude
incidence of SPM is greater in NSCLC patients with the
following characteristics, such as age at 60-74 (4.99%),
female (4.09%), white (4.28%), married (4.54%), middle
lung lobe (4.93%), small tumor size (1-2 cm, 9.05%),
bronchioloalveolar (10.02%), well-differentiated (I-II,
7.78%), localized (11.18%), early stage (IA 13.48%, IB
10.65%) and surgery history (11.85%). A vast majority of
the SPM is solid tumors. It’s worth noting that the sites of
SPM are not only limited to the lung (1,425/3,161, 45.1%),
but also other organs (1,736/3,161, 54.9%) (1able SI).

The SIR of SPM among NSCLC patients were listed
in Table 2. SIR in overall NSCLC patients, SCC group and
ADC group were 1.62, 1.73 and 1.64 respectively. The SIR
of second primary lung cancer (4.87) was higher than that
of other sites, followed by larynx (3.18) and thyroid (2.14)
cancers. We also analyzed the SIR in different subgroups,
classified by clinical or demographic factors. SIR in patients
whose NSCLC were diagnosed at 18-65 years old was
higher than that in patients diagnosed at 65+ years old
(2.08 vs. 1.42; Table S2). Higher SIR was observed in female
patients (1.71; Table S3). There was higher SIR for NSCLC
patients who were black than white or other (American
Indian/AK Native, Asian/Pacific Islander) (1.80 vs. 1.61 vs.
1.53; Table S4). Those with localized IPC got the highest
SIR (1.84; Table S5). In NSCLC patients, SIR of developing
SPM during the latency of 6-11 months and 12-23 months
were seen to be similar and relatively low, and SIR changed
as latency extended (7able S6). The highest SIR belongs to
patients with a latency of 60-119 months. SPM incidence
has increased with time (7zble S7). All these trends can
also be observed in both SCC group and ADC groups.
Subgroup SIR information was shown in Supplementary
Materials in detail (Tables S2-S7).

The 10-year cumulative incidence of SPM for NSCLC
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Table 1 Crude incidence and 10-year cumulative incidence of SPM among NSCLC patients

10-year SPM cumulative incidences

Characteristics Overall patients (n) SPM patients (n) SPM crude incidence (%)
Incidence (95% ClI) (%) P value
Total 78,175 3,161 4.04 5.05 (4.87-5.25)
Age (years) <0.001
<60 18,199 634 3.48 4.62 (4.23-5.03)
60-74 34,532 1,722 4.99 6.22 (5.91-6.54)
75+ 25,444 805 3.16 3.78 (3.50-4.06)
Sex 0.544
Male 41,962 1,679 4.00 4.89 (4.65-5.15)
Female 36,213 1,482 4.09 5.24 (4.95-5.53)
Race <0.001
White 59,670 2,555 4.28 5.31 (5.09-5.53)
Black 9,619 363 3.77 4.85 (4.31-5.42)
Others/unknown 8,886 243 2.73 3.46 (3.02-3.95)
Marital status <0.001
Married 40,104 1,822 4.54 5.70 (5.42-5.99)
Unmarried 38,071 1,339 3.52 4.37 (4.12-4.63)
Anatomic sites (IPC) <0.001
Upper 40,150 1,905 4.74 5.99 (5.70-6.29)
Middle 3,405 168 4.93 5.98 (5.09-6.96)
Lower 19,607 860 4.39 5.41 (5.03-5.81)
Bronchus/others 15,013 228 1.52 1.87 (1.62-2.14)
Size (cm) <0.001
0-1 2,168 176 8.12 10.13 (8.55-11.87)
1-2 9,617 870 9.05 11.33 (10.56-12.13)
2-3 11,670 677 5.80 7.45 (6.85-8.08)
3-4 10,149 454 4.47 5.53 (5.00-6.09)
4-5 7,981 285 3.57 4.17 (3.69-4.69)
5-7 9,869 289 2.93 3.68 (3.24-4.16)
7+ 7,815 158 2.02 2.62 (2.19-3.11)
Unknown 18,906 252 1.33 1.60 (1.39-1.83)
Histologic subtype <0.001
ADC 34,650 1,394 4.02 5.06 (4.78-5.36)
SCC 18,080 873 4.83 6.00 (5.59-6.43)
BAC 2,586 259 10.02 13.23 (11.58-15.00)
ASC 1,177 78 6.63 8.24 (6.48-10.27)
LCC 2,256 78 3.46 3.99 (3.14-4.99)
Others 19,426 479 2.47 3.02 (2.74-3.33)

Table 1 (continued)
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Characteristics Overall patients (n) SPM patients (n)

SPM crude incidence (%)

10-year SPM cumulative incidences

Incidence (95% ClI) (%) P value
Histologic grade <0.001
-1 17,035 1,325 7.78 9.94 (9.37-10.52)
-1V 23,800 1,102 4.63 5.79 (5.42-6.16)
Unknown 37,340 734 1.97 2.35(2.17-2.593)
Extension <0.001
Localized 13,224 1,479 11.18 13.91 (13.18-14.66)
Regional 17,870 1,134 6.35 8.04 (7.55-8.55)
Distant 45177 497 1.10 1.31 (1.19-1.44)
Unknown 1,904 51 2.68 3.36 (2.45-4.49)
TNM stage <0.001
IA 7,094 956 13.48 16.99 (15.89-18.13)
B 6,940 739 10.65 13.27 (12.28-14.31)
1A 765 71 9.28 11.24 (8.77-14.05)
1B 2,743 197 7.18 8.98 (7.77-10.30)
A 6,802 296 4.35 5.48 (4.80-6.21)
1B 12,307 363 2.95 3.73 (3.34-4.16)
\% 34,731 314 0.90 1.07 (0.95-1.21)
Occult 850 23 2.71 3.10 (2.00-4.57)
UNK stage 4,464 82 1.84 2.28 (1.79-2.86)
Unknown 1,479 120 8.11 9.90 (8.15-11.86)
Surgery history <0.001
Yes 18,663 2,212 11.85 14.88 (14.24-15.53)
No 59,512 949 1.59 1.95 (1.82-2.09)

NSCLC, non-small cell lung cancer; SPM, second primary malignancy; Cl, confidence interval; ADC, adenocarcinoma; SCC, squamous
cell carcinoma; BAC, bronchioloalveolar carcinoma; ASC, adenosquamous carcinoma; LCC, large cell carcinoma.

was 5.05% (95% CI: 4.87-5.25%). The 10-year estimates
of the cumulative incidence of SPM by age, sex, race,
marital status, IPC tumor site, tumor size, histologic
type, histologic grade, TNM stage, surgery history was
summarized in 7able 1. The corresponding CIF curves were
plotted in Figure 1. Patients with characteristics of younger
age, white race and married were at a higher cumulative
incidence of SPM. Small tumor size, earlier TNM stage,
well differentiated histological grade, localized, large cell
carcinoma and surgery history were also highly related with
higher SPM risk. CIF for SPM did not differ significantly
among different gender.

© Annals of Translational Medicine. All rights reserved.

Factors associated with SPM

As the results of competing risk model displayed on
Table 3, the age of IPC diagnosis, sex, race, marital status,
IPC tumor site, tumor size, TINM stage, extent of disease
and surgery history could strongly predict SPM risk. Tumor
TNM stage, extension of disease and surgery history was
the most crucial factors in predicting SPM risk. Patients
with advanced TNM stage were less likely to develop SPM,
with a subdistribution hazard ratios (sdHR) of 0.45 (95%
CI: 0.34-0.61) for IV stage, when compared with IA stage.
Regional and distant extensions of IPC were associated
with a gradually decreased risk of SPM (regional 0.83;
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Table 2 SIR for SPM in NSCLC patients
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SPM NSCLC SCC group ADC group
Obs Exp SIR (95% Cl) Obs Exp SIR (95% Cl) Obs Exp SIR (95% Cl)
All sites 3,161 1,950.92 1.62"(1.56-1.68) 873 50522 1.73" (1.62-1.85) 1,394 851.85 1.64" (1.55-1.72)
Non-lung cancer 1,736 1,658.47 1.05(1.00-1.10) 483 428.28  1.13"(1.03-1.23) 754 724.89 1.04(0.97-1.12)
Lung cancer 1,425 29245 4.87°(4.62-5.13) 390 76.94  5.07" (4.58-5.60) 640 126.96 5.04" (4.66-5.45)
All sites excluding 3,149 1,941.18 1.62°(1.57-1.68) 869 502.52 1.73" (1.62-1.85) 1,388 847.75 1.64" (1.55-1.73)
non-melanoma Skin
All solid tumors 2,927 1,721.01 1.70" (1.64-1.76) 807 444.55 1.82" (1.69-1.95) 1,299 75242 1.73"(1.63-1.82)
Oral cavity and pharynx 71 41.89 170 (1.32-2.14) 28 11.35  2.47%(1.64-3.56) 29 18.08 1.60% (1.07-2.30)
Digestive system 463 39515 1.17°(1.07-1.28) 132 101.46  1.30" (1.09-1.54) 195 173.70  1.12(0.97-1.29)
Stomach 46 37.43 1.23 (0.90-1.64) 15 9.78 1.53 (0.86-2.53) 19 16.50 1.15(0.69-1.80)
Small intestine 17 9.75 1.74" (1.02-2.79) 2 2.55 0.78 (0.09-2.83) 8 4.24 1.89 (0.81-3.72)
Colon excluding 173 14579 1.19°(1.02-1.38) 51  37.03 1.38% (1.03-1.81) 72 63.90 1.13(0.88-1.42)
rectum
Liver 41 33.03 1.24 (0.89-1.68) 8 8.60 0.93 (0.40-1.83) 19 14.76  1.29 (0.77-2.01)
Pancreas 69 64.33 1.07 (0.83-1.36) 17 16.45 1.03 (0.60-1.65) 32 28.30 1.13(0.77-1.60)
Respiratory system 1,474 309.30 4.77"(4.53-5.02) 415 81.84  5.07" (4.59-5.58) 657 134.00 4.90" (4.54-5.29)
Larynx 44 13.83 3.18" (2.31-4.27) 22 411 5.35" (3.35-8.10) 16 5.72  2.80" (1.60-4.54)
Lung and bronchus 1,419 292.22  4.86" (4.61-5.12) 386 76.88  5.02" (4.53-5.55) 640 126.87 5.04" (4.66-5.45)
Trachea 6 0.22 26.70"(9.80-58.11) 4 0.06 66.45" (18.11-170.14) 0 0.10 0.00 (0.00-37.77)
Soft tissue including 15 11.16 1.34 (0.75-2.22) 1 2.90 0.35 (0.01-1.92) 8 4.86 1.65 (0.71-3.25)
heart
Skin excluding basal 60 88.36  0.68" (0.52-0.87) 12 2463  0.49"(0.25-0.85) 34 37.16  0.91(0.63-1.28)
and squamous
Melanoma of the skin 48 78.62 0.61% (0.45-0.81) 8 21.92  0.36" (0.16-0.72) 28 33.06 0.85(0.56-1.22)
Breast 194  239.98 0.81(0.70-0.93) 33  43.71 0.76 (0.52-1.06) 83 115.10 0.72"(0.57-0.89)
Female breast 190 237.35 0.80°(0.69-0.92) 32 42.86 0.75 (0.51-1.05) 82 114.05 0.72* (0.57-0.89)
Female genital system 50 93.01 0.54" (0.40-0.71) 11 16.73 0.66 (0.33-1.18) 27 44,71  0.60" (0.40-0.88)
Male genital system 262 31569 0.83°(0.73-0.94) 80 99.69  0.80" (0.64-10) 111 128.24  0.87 (0.71-1.04)
Prostate 259 312.24 0.83°(0.73-0.94) 79 98.66  0.80"(0.63-1.00) 110 126.86 0.87 (0.71-1.05)
Urinary system 272 17853 1.52*(1.35-1.72) 91 51.14 1.78% (1.43-2.18) 122 7493 1.63"(1.35-1.94)
Urinary bladder 180 111.08 1.62"(1.39-1.88) 58 32.88 1.76" (1.34-2.28) 80 4587 1.74" (1.38-2.17)
Kidney 77 57.25 1.35%(1.06-1.68) 27  15.46 1.75% (1.15-2.54) 37 24.69 1.50" (1.06-2.07)
Brain and other nervous 11 18.96 0.58 (0.29-1.04) 0 4.90 0.00" (0.00-0.75) 8 8.25 0.97 (0.42-1.91)
system
Brain 1 18.18 0.61 (0.30-1.08) 4.71 0.00* (0.00-0.78) 8 7.90 1.01 (0.44-2.00)
Endocrine system 56 27.62 2.03" (1.53-2.63) 5.77 1.39 (0.60-2.73) 25 12.82  1.95" (1.26-2.88)
Thyroid 55 25.64  2.14" (1.62-2.79) 5.29 1.51 (0.65-2.98) 24 11.94 2.01%(1.29-2.99)
Lymphoma 81 91.65 0.88 (0.70-1.10) 25 23.83 1.05 (0.68-1.55) 29 39.89  0.73(0.49-1.04)
Non-Hodgkin 77 87.39 0.88 (0.70-1.10) 24 22.74 1.06 (0.68-1.57) 28 38.05 0.74 (0.49-1.06)
lymphoma
Leukemia 74 56.75 1.30% (1.02-1.64) 17 1535 1.11 (0.65-1.77) 30 24.30 1.23(0.83-1.76)

* P<0.05. Obs, observed, Exp, expected. NSCLC, non-small cell lung cancer; SPM, second primary malignancy; Cl, confidence interval;
ADC, adenocarcinoma; SCC, squamous cell carcinoma.
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Figure 1 Cumulative incidence curves of SPM. SPM, second primary malignancy; LCC, large cell carcinoma; SCC, squamous cell

carcinoma; ADC, adenocarcinoma; BAC, bronchioloalveolar carcinoma; ASC, adenosquamous carcinoma; ALL, all patients.
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Table 3 Proportional subdistribution hazard models of probabilities of SPM for patients with NSCLC

Characteristics Coefficient sdHR (95% ClI) P value

Age (years)

60-74 0.23 1.26 (1.15-1.38) <0.001

75+ -0.07 0.94 (0.84-1.04) 0.230
Female -0.10 0.91 (0.85-0.98) 0.009
Race

Black 0.14 1.15 (1.02-1.28) 0.017

Others/unknown -0.32 0.73 (0.64-0.83) <0.001
Unmarried -0.13 0.88 (0.82-0.95) <0.001

Anatomic sites (IPC)

Middle -0.02 0.98 (0.84-1.15) 0.820
Lower -0.07 0.94 (0.86-1.01) 0.100
Bronchus/others -0.17 0.85 (0.73-0.99) 0.032
Size (cm)
1-2 0.00 1.00 (0.85-1.18) 0.990
2-3 -0.20 0.82 (0.69-0.97) 0.020
3-4 -0.30 0.74 (0.61-0.90) 0.003
4-5 -0.34 0.72 (0.58-0.88) 0.002
5-7 -0.38 0.68 (0.56-0.84) <0.001
7+ -0.56 0.57 (0.45-0.72) <0.001
Unknown -0.50 0.60 (0.48-0.76) <0.001
Extension
Regional -0.18 0.83 (0.72-0.96) 0.014
Distant -0.84 0.43 (0.34-0.55) <0.001
Unknown 0.30 1.35(0.93-1.98) 0.120
TNM stage
B 0.09 1.10 (0.94-1.27) 0.230
A -0.21 0.81 (0.61-1.07) 0.140
1B -0.12 0.89 (0.70-1.13) 0.320
A -0.31 0.74 (0.59-0.92) 0.007
1B -0.04 0.96 (0.76-1.21) 0.720
v -0.80 0.45 (0.34-0.61) <0.001
Occult -0.60 0.55 (0.34-0.88) 0.012
UNK stage -0.77 0.47 (0.34-0.64) <0.001
Unknown -0.41 0.67 (0.55-0.81) <0.001
Surgery history 1.08 2.95 (2.64-3.29) <0.001

SPM, second primary malignancy; NSCLC, non-small cell lung cancer; sdHR, subdistribution hazard ratio; IPC, initial primary cancers; Cl,
confidence interval.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2019;7(18):439 | http://dx.doi.org/10.21037/atm.2019.09.01



Annals of Translational Medicine, Vol 7, No 18 September 2019 Page 9 of 13
. 0 1 2 3 4 5 6 7 8 9 10
Points
Age ' <60
75+ 60-74
Male
Sex
Female
White
Race r - ,
Others/unknown | Black
Marital status - Mgrried
Unmarried
. Lower Upper
——
Site (IPC) Bronchus/others | Middle
Size Unknown 4-5cm 2-3cm 1-2.cm
7+cm 5-7 cm 3-4cm 0-1cm
Regional Unknown
Summary stage L I T ]
Distant Utk A . Localilzgd
TNM staging L.JNI-( stage T own v . r .
\% Occult A B 1A
) Yes
Surgery history :
No
Total points r : v - - - . v 3
0 5 10 15 20 25 30 35 40
3-year probability of SPM : - - - .
0.01 0.02 0.03 0.05 0.1
5-year probability of SPM v ;
0.01 0.02 0.03 0.05 0.1 0.15 0.2
10-year probability of SPM r - - - - - )
0.01 0.03 0.05 0.1 0.15 0.2 0.3

Figure 2 Competing risk nomogram for predicting 3-, 5- and 10-year cumulative incidence of SPM in NSCLC. SPM, second primary
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distant 0.43). Patients who underwent surgery had a higher
SPM incidence, with a sdHR of 2.95 (95% CI: 2.64-3.29),
compared with those without surgery. Besides, survivors of
IPC had significantly gradually reduced SPM risks as the

tumor size increase.

Competing risk nomogram

The nomogram based on Fine and Gray’s model is shown
in Figure 2. We can use this predictive tool to predict the
probability of 3-, 5-, 10-year SPM events for NSCLC
survivors, by calculating the sum of points corresponding to
patient’s characteristic.

Evaluation of the model

Our nomogram showed good accuracy with c-index of 0.80,
which suggests good model discriminatory ability of the risk
predicting model. As shown in Figure S2, the calibration
curve was in good concordance with the 45° diagonal line,
thus the nomogram was well-calibrated.

The CIF of SPM were estimated for each decile of the
estimated risk using our risk model (Figure 3). The lowest
CIF belonged to the first decile (1.04%) and the highest

© Annals of Translational Medicine. All rights reserved.

CIF was observed in the tenth decile (16.70%). It shows
a wide CIF interval between the first-decile and tenth-
decile group, which has a statistically significant difference
(P<0.05). All these indicated that NSCLC patients can
be stratified to different risk groups according to their
estimated SPM risk. The model may perform well in
figuring out the high-risk NSCLC patients from the
survivors of IPC.

We compared the clinical net benefit of the risk model
with those in two alternative scenarios: all-screening and
no-screening scenarios. As shown in Figure 4, the net
benefit of our risk model was larger than that in other two
scenarios in a wide range of threshold probabilities (1% to
20%). Screening is recommended if an individual’s risk is
above the given risk threshold (selected from 1% to 20%),
then the calculated net benefit (the weighted sum of true
positives subtracted by the number of false positives) is
larger for the prediction model than that in other strategies
(all screening or no-screening).

Discussion

Among 3,161 SPM cases from our present study, 1,736
(54.92%) cases were not in lung or bronchus. There were

Ann Transl Med 2019;7(18):439 | http://dx.doi.org/10.21037/atm.2019.09.01
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benefit of the risk model-based selection strategy for screening,
whereas the gray and black lines display the net benefits in
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screening no patients (black).

2,329 (73.68%) cases occurring within the latency of 6 to
59 months in our study. The SIR of SPM after the initial
primary NSCLC was 1.62, which was larger than 1. The
SIR which was larger than 1 indicated that patients once
diagnosed with initial primary NSCLC are more likely
to develop another primary cancer as compared with the

© Annals of Translational Medicine. All rights reserved.

reference population and need surveillance.

Considering the elevated risk of developing SPM after
NSCLG, it is necessary to build a risk predicting model for
the guidance of screening. There has been a model for the
prediction of second primary lung cancer for patients who
survived over 5 years after the diagnosis of initial primary
lung cancer (26). But we thought this model was significant
and yet insufficient. Han’s model mentioned above mainly
focused on the second primary lung cancer. But prediction
for SPM from other sites is obviously necessary, because
more than half of SPM did not involve lung. Moreover,
Han’s model merely predicts SPM developing 5 years after
the diagnosis of IPC. However, we found that most of
cases occurring within 5 years. Therefore, it is reasonable
for us to predict SPM after the 6 months latency for
patients diagnosed with IPC, to cover more potential risk
population.

Traditional risk predicting models have been well
documented, such as those predicting the overall survival
of cancer patients. These models were mainly based on
Kaplan-Meier method and COX proportional approach,
which can handle only one outcome and may produce
biased results in the presence of competing risks. However,
in the study of SPM, competing risks are especially relevant,
because a substantial proportion of the survivors of NSCLC
often die as the result of other causes before developing
SPM, such as heart disease (10). Therefore, competing risks
methods based on the subdistribution hazard function is
recommended, instead of the conventional ones (26,27). But

Ann Transl Med 2019;7(18):439 | http://dx.doi.org/10.21037/atm.2019.09.01
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to our knowledge, there is no such risk predicting model for
SPM in NSCLC patients presented as nomogram.

In this study, a risk predicting model was set up and
presented in intuitive nomogram. Our results have indicated
that, patients with IPC diagnosed when aged 60-74 years
old, who are black or white, with smaller IPC tumor size,
with surgery performed, early TNM stage or localized/
regional extension got higher sdHR for SPM. We observed
the trend that patients with factors indicating better
prognosis got higher sdHR, which coincides the former
report (28). The explanation may be that these patients have
more time to develop SPM. Therefore, NSCLC survivors
with risk factors, like with IPC diagnosed when aged
60-74 years old, as mentioned above are in high need of
intense surveillance for SPM.

Our model performed well in the evaluation. It was of
good accuracy, calibration and strong ability in stratifying
high-risk individuals from low-risk individuals. In recent
years, there has been criticism that c-index is merely an
estimation of the accuracy of risk predicting models and
is not clinically relevant (24). Reporting c-index only is a
neglect of the harm of false-positive result and false-negative
result. For example, in situations when false-negative result
is considered more harmful, a prediction model with higher
sensitivity will be preferable, which c-index does not tell.
So, we additionally performed the decision curve analysis
for estimation of our model, which is clinically useful. In the
calculation of net benefit, benefit from screening individuals
who turn out to have true-positive result and loss caused by
screening individuals who have the false-positive result were
taken into consideration, using threshold probability as a
reflection of how doctors and patients weight the benefit
and loss mentioned above. Finally, net benefit was presented
with the set threshold probability. In this way, doctors and
patients can refer to the net benefit of our model according
to their threshold probability, for the decision to use or not
to use our model.

Our study is based on a large, population-based cohort
from SEER database. The sampling error was minimized as
compared with data from single-institution based studies.
The estimated SIR and the distribution of demographic and
clinical factors were closer and more similar to those in the
population. What’s more, SEER registers are distributed
throughout the US and collect data according to consistent
criteria, ensuring the quality of the data.

However, there are still some limitations in our study.
Although we fully trust in the quality of records in SEER
database, some relapse, intrapulmonary metastasis or

© Annals of Translational Medicine. All rights reserved.
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distant metastasis may have been mistaken as SPM, due
to the technical difficulty in discriminating between
them. For this concern, we deleted 46 SPM records
according to the definition of second primary lung cancer
as has been proposed by Martini N and Melamed MR,
which was explained in detail in the part of Material and
Methods (13). Moreover, as has been mentioned, we
observed that the extrapulmonary SPM sites with the highest
SIR were larynx and thyroid, which are not the common
sites of distant metastasis of lung cancer. This result may
indicate that the SPM records in SEER database are not
distant metastasis and are trustworthy. The SEER database
does not provide detailed information about the smoking
history, working environment, family history, complications,
existing diseases, gene mutation, therapy, which may be
risk factors of SPM (29-32). There is evidence that hazard
ratio (HR) of SPM in radiotherapy-associated sites in
early breast cancer patients got higher if radiotherapy was
received (33). With these factors considered, our model
may have gotten a better performance. The predicting
model was built based on data collected in the US. The
application of this model in other nations may cause some
unknown bias. However, this study still helps figure out
the potential risk factors of SPM after NSCLC in different
national settings, and patients in different countries can
simply get access to their estimated probability of SPM
using our nomogram. Notably, the predicted risk based
on our nomogram is only a reference, not an absolutely
accurate prediction. Although it demonstrates a satisfactory
performance when we used a bootstrap approach for
internal validation, external validation based on external
patient cohorts is still needed. That will be a major part in
our future research.

Conclusions

In the present study, we firstly provided a systematic
estimation of SPM in NSCLC patients using a large
population-based cohort from the SEER database.
Moreover, we developed the first competing risk nomogram
to predict the risk of SPM, which might be a convenient
and predictive tool for individualized SPM screening.
Further external validation is warranted.
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Supplementary

Patients diagnosed to have NSCLC between January, 2004 and
December, 2010 and at age equal to or larger than 18 years were
included.

Patients with incomplete survival data and follow-up information or
with only autopsy or death certificate records were excluded.
(n=78,175)

Y

SPM developed between January 2004 and December 2014 were
included.
SPM developed within the latency of 6 months were excluded.

(n=3,207)
\ 4
Patients with
SPM also in lung
(n=1,452)
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the same as that of IPC
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same lobes as that of IPC, or in different lobes from that SPM diagnosed 2 type different from that with SPM
with positive intervening lymph of IPC and without positive years after IPC of IPC not in lung
nodes or evidence of metastasis intervening lymph nodes and (n=442) (n=879) (n=1,755)

were excluded evidence of metastasis
(n=46) (n=85)
\

Patients considered to
have SPM in this study
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Figure S1 The selection criteria of study cohort and identification of SPM cases. We identified 78,175 eligible NSCLC patients diagnosed
between 2004 and 2010. There were 3,161 patients developing SPM during the following-up period. NSCLC, non-small cell lung cancer;

SPM, second primary malignancy; IPC, initial primary cancers.



Table S1 Clinical characteristics of the study population for SIR analysis

NSCLC (n=3,161) SCC group (n=873) ADC group (n=1,394)
Characteristics
N % N % N %
Age (years)
18-65 1,247 39.4 296 33.9 585 42.0
65+ 1,914 60.6 577 66.1 809 58.0
Sex
Male 1,679 53.1 563 64.5 689 49.4
Female 1,482 46.9 310 35.5 705 50.6
Race
White 2,555 80.8 716 82 1120 80.3
Black 363 11.5 102 1.7 153 11.0
Other 243 7.7 55 6.3 121 8.7
Site
Non-lung cancers 1,736 54.9 483 55.3 754 54.1
Lung cancer 1,425 45.1 390 44.7 640 45.9
Summary Stage
Localized 1,479 46.8 411 471 627 45.0
Regional 1,134 35.9 355 40.7 505 36.2
Distant 497 15.7 98 11.2 242 17.4
Latency
6-11 months 353 11.2 93 10.7 158 11.3
12-23 months 549 17.4 154 17.6 235 16.9
24-59 months 1,427 45.1 398 45.6 659 47.3
60-119 months 820 25.9 227 26 336 241
120+ months 12 0.4 1 0.1 6 0.4
Attained calendar year
2004-2005 1,014 32.1 256 29.3 430 30.8
2006-2007 990 31.3 275 31.5 424 30.4
2008-2010 1,157 36.6 342 39.2 540 38.7

Age: age when the patient was diagnosed with NSCLC; Other: American Indian/AK Native, Asian/Pacific Islander; Summary stage:
summary stage of IPC; Attained calendar year: year when the patient was diagnosed with NSCLC. SIR, standardized incidence ratio;
NSCLC, non-small cell lung cancer; SCC, squamous cell carcinoma; ADC, adenocarcinoma; IPC, initial primary cancers.



Table S2 SIR for SPM in NSCLC patients (age at diagnosis)

NSCLC SCC group ADC group
SR 18-65 years >B65 years 18-65 years >65 years 18-65 years >65 years
All sites 2.08" 1.42" 2.24" 1.55" 2.10" 1.41*
Non-lung cancer 1.23* 0.96 1.42* 1.02 1.17* 0.97
Lung cancer 8.49" 3.72* 8.25" 4.24* 9.05" 3.64"
All sites excluding non-melanoma skin 2.09* 1.42* 2.25* 1.55" 2.11% 1.41*
All solid tumors 2.16" 1.49" 2.31" 1.63" 2.20" 1.49"
Oral cavity and pharynx 1.91% 1.57* 3.13" 2.13* 1.55 1.64
Digestive system 1.52" 1.05 1.94* 1.11 1.32* 1.04
Stomach 1.33 1.20 1.44 1.56 1.65 0.98
Small intestine 2.97" 1.19 1.48 0.53 214 1.76
Colon excluding rectum 1.28 1.16 1.36 1.38 1.14 1.12
Liver 2.20* 0.64 1.63 0.54 2.05% 0.79
Pancreas 1.68* 0.88 2.01 0.77 1.81 0.90
Respiratory system 8.17* 3.65" 8.24* 4.22* 8.64" 3.56"
Larynx 4.91% 2.24% 8.62" 3.88" 416" 1.96
Lung and bronchus 8.44* 3.72* 8.01* 4.24% 9.06" 3.65"
Trachea 53.25" 13.37 225.45* 0 0 0
Soft tissue including heart 1.23 1.39 0 0.46 1.99 1.49
Skin excluding basal and squamous 0.65 0.69* 0.33 0.54* 0.94 0.90
Melanoma of the skin 0.66 0.59* 0.35 0.37" 1.01 0.77
Breast 0.88 0.76* 0.78 0.74 0.89 0.60"
Female breast 0.88 0.75" 0.79 0.73 0.90 0.59"
Female genital system 0.66* 0.45" 0.77 0.61 0.63 0.58"
Male genital system 0.91 0.78* 1.02 0.69* 0.78 0.92
Prostate 0.91 0.78* 1.03 0.68" 0.79 0.92
Urinary system 1.82" 1.43" 1.88" 1.75" 2.24% 1.40"
Urinary bladder 2.10" 1.50" 1.86 1.74* 2.81" 1.45"
Kidney 1.48 1.27 1.67 1.78* 1.73 1.36
Brain and other nervous system 0.47 0.63 0 0 0.69 1.12
Brain 0.50 0.66 0 0 0.72 1.17
Endocrine system 2.30" 1.75% 1.28 1.46 2.38" 1.48
Thyroid 2.36" 1.92* 1.37 1.61 2.36" 1.62
Lymphoma 1.29 0.73* 2.00 0.76 0.79 0.70
Non-Hodgkin lymphoma 1.29 0.73" 1.94 0.80 0.84 0.69
Leukemia 1.85" 1.13 1.58 0.98 1.78 1.05

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy; SCC, squamous cell

carcinoma; ADC, adenocarcinoma.



Table S3 SIR for SPM in NSCLC patients (gender)

NSCLC SCC group ADC group
SIR
Male Female Male Female Male Female
All sites 1.55" 1.71* 1.64" 1.92° 1.57" 1.70"
Non-lung cancer 1.08* 1.01 1.13* 1.13 1.10 0.98
Lung cancer 4.30" 5.55" 4.58" 6.02" 4.36" 5.73"
All sites excluding non-melanoma skin 1.55" 1.71* 1.64" 1.93" 1.58" 1.70*
All solid tumors 1.63" 1.79 1.78" 1.99 1.68" 1.78"
Oral cavity and pharynx 1.78* 1.52 2.35 2.88" 1.70° 1.43
Digestive system 1.22* 1.1 1.39° 1.13 1.16 1.08
Stomach 1.26 1.17 1.50 1.65 1.02 1.35
Small intestine 1.65 1.86 0.57 1.23 0.91 2.93"
Colon excluding rectum 1.23 1.14 1.55" 1.08 1.19 1.07
Liver 1.31 1.07 1.14 0 1.28 1.29
Pancreas 1.07 1.08 0.95 1.17 1.28 1.00
Respiratory system 4.15* 5.54* 4.50" 6.25" 4.19* 5.66"
Larynx 2.59" 6.21" 3.80" 18.92* 2.36" 4.69"
Lung and bronchus 4.28" 5.54* 4,53 5.99* 4.36" 5.73*
Trachea 29.80" 22.10* 69.04* 59.73* 0 0
Soft tissue including heart 0.94 1.89 0 1.14 1.16 2.20
Skin excluding basal and squamous 0.55* 0.94 0.42* 0.71 0.69 1.28
Melanoma of the skin 0.48° 0.87 0.29* 0.61 0.68 1.13
Breast 1.52 0.80* 1.18 0.75 0.95 0.72*
Female breast 0 0.80* 0 0.75 0 0.72*
Female genital system 0 0.54 0 0.66 0 0.60"
Male genital system 0.83" 0 0.80* 0 0.87 0
Prostate 0.83" 0 0.80" 0 0.87 0
Urinary system 1.50" 1.60" 1.68" 2.25" 1.68" 1.51"
Urinary bladder 1.60" 1.69" 1.71% 2.06 1.81% 1.54
Kidney 1.24 1.54" 1.45 2.65" 1.52 1.46
Brain and other nervous system 0.66 0.47 0 0 1.17 0.75
Brain 0.69 0.50 0 0 1.22 0.79
Endocrine system 2.10* 1.99* 1.45 1.33 2.40* 1.76"
Thyroid 2.24* 2.10* 1.64 1.40 2.40" 1.86"
Lymphoma 0.81 0.98 0.93 1.29 0.49° 0.98
Non-Hodgkin lymphoma 0.79 1.00 0.91 1.35 0.46" 1.02
Leukemia 1.18 1.49* 0.91 1.60 1.03 1.49

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy; SCC, squamous cell
carcinoma; ADC, adenocarcinoma.



Table S4 SIR for SPM in NSCLC patients (race)

NSCLC SCC group ADC group
SIR
White Black Other White Black Other White Black Other
All sites 1.61" 1.80" 1.53" 1.69" 1.87" 2.07" 1.65" 1.79" 1.39"
Non-lung cancer 1.02 1.31% 0.95 1.09 1.38° 117 1.03 1.34* 0.84
Lung cancer 4.94* 4.45" 4.72* 5.05" 4.43" 6.68" 5.22" 4.27* 4.44*
All sites excluding non-melanoma skin ~ 1.61% 1.80" 1.53" 1.69" 1.87* 2.08* 1.65" 1.79" 1.39"
All solid tumors 1.69" 1.89" 1.60" 1.77° 1.97" 2.24" 1.75" 1.85" 1.41*
Oral cavity and pharynx 1.79* 1.58 0.88 2.57* 1.94 1.64 1.71% 1.89 0.54
Digestive system 1.15* 1.46* 1.01 1.31% 1.25 1.28 1.14 1.48 0.75
Stomach 1.25 1.68 0.84 1.40 2.95 0.79 1.21 1.52 0.78
Small intestine 1.57 0.67 6.44" 0.49 0 9.75 2.15 0 2.93
Colon excluding rectum 1.20" 1.21 1.02 1.45" 0.45 2.25 1.16 1.56 0.53
Liver 1.03 2.40° 1.12 0.82 0.81 1.55 0.89 2.57 1.55
Pancreas 1.12 1.13 0.64 1.18 0.53 0 1.19 1.64 0.29
Respiratory system 4.84" 4.34* 4.64" 5.03" 4.62* 6.59" 5.09" 4.04* 4.33"
Larynx 3.21% 3.23" 2.62 4.84" 7.80" 6.18 3.15" 1.14 2.51
Lung and bronchus 4.93" 4.45" 4.68" 5.00* 4.43" 6.45" 5.23" 4.27* 4.44*
Trachea 28.45" 0 52.30" 63.04" 0 304.41* 0 0 0
Soft tissue including heart 1.29 3.32 0 0.4 0 0 1.53 5.08 0
Skin excluding basal and squamous 0.67* 1.36 0.88 0.50" 0 0 0.88 3.18 1.62
Melanoma of the skin 0.59* 2.44 1.40 0.37* 0 0 0.80 5.77 2.57
Breast 0.77* 1.12 0.86 0.66* 1.36 1.33 0.68" 0.98 0.85
Female breast 0.76" 1.09 0.87 0.65" 1.4 1.36 0.67* 1.00 0.85
Female genital system 0.50* 0.99 0.31 0.62 1.15 0 0.52* 1.37 0.50
Male genital system 0.81* 1.08 0.57" 0.72" 1.19 0.92 0.93 0.9 0.32*
Prostate 0.80* 1.08 0.58* 0.72* 1.20 0.93 0.93 0.91 0.32*
Urinary system 1.54* 1.78* 1.02 1.74* 2.22" 1.78 1.64* 2.26" 0.95
Urinary bladder 1.68" 1.27 1.05 1.76" 1.04 3.01 1.86" 1.59 0.57
Kidney 1.22 2.37" 0.96 1.57 3.56" 0 1.24 2.98" 1.75
Brain and other nervous system 0.54 0 1.77 0.00* 0 0 0.84 0 3.21
Brain 0.56 0 1.91 0.00* 0 0 0.87 0 3.46
Endocrine system 1.58* 3.80" 3.94" 1.23 1.94 2.56 1.51 3.70" 3.36"
Thyroid 1.64" 4.28" 4.32" 1.33 2.23 2.88 1.50 414" 3.67"
Lymphoma 0.98 0.17* 0.40 1.14 0 0.80 0.84 0.40 0.00*
Non-Hodgkin lymphoma 0.98 0.19 0.42 1.14 0 0.82 0.85 0.43 0.00*
Leukemia 1.18 2.71" 1.47 1.10 1.75 0 0.92 3.53" 2.70

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy; SCC, squamous cell
carcinoma; ADC, adenocarcinoma.



Table S5 SIR for SPM in NSCLC patients (extent of disease)

NSCLC SCC group ADC group
SR Localized Regional Distant Localized Regional Distant Localized Regional Distant
All sites 1.84" 1.67" 1.15" 1.95" 1.74" 1.19 1.89" 1.71* 1.15"
Non-lung cancer 1.15% 1.03 0.90 1.18* 1.19* 0.83 1.13* 0.98 0.98
Lung cancer 572" 5.34" 2.64" 6.08" 4.87* 3.27* 6.09° 5.88# 2.18
All sites excluding non- 1.85* 1.67* 1.15* 1.95* 1.74* 1.20 1.89* 1.70* 1.15%
melanoma skin
All solid tumors 1.94" 1.77" 117" 2.01" 1.87" 1.24 2.02* 1.81" 1.15"
Oral cavity and pharynx 2.03" 1.81% 1.06 2.63" 2.53" 2.13 2.46" 1.27 0.87
Digestive system 1.15 1.22* 1.08 1.17 1.68* 0.67 1.10 0.97 1.31
Stomach 1.38 1.00 1.17 1.95 1.27 1.26 0.94 1.07 1.43
Small intestine 1.74 1.46 1.88 0.94 0.97 0 1.79 1.35 1.96
Colon excluding rectum 1.15 1.26 1.13 1.26 1.79* 0.84 1.07 1.14 1.23
Liver 1.42 0.77 1.38 1.49 0.55 0 1.1 0.59 2.01
Pancreas 1.33 1.00 0.80 1.27 0.92 0.77 1.50 0.92 0.90
Respiratory system 5.61* 5.21* 2.59* 6.08" 4.88" 3.30* 5.95* 5.67* 2.15
Larynx 3.90° 3.18* 2.22 6.76" 4.64" 4.28 3.70° 2.46 2.07
Lung and bronchus 571" 5.31* 2.64" 6.05" 4.78" 3.28" 6.10° 5.88* 2.18
Trachea 21.79" 50.59" 0 40.25"  122.32* 0 0 0 0
Soft tissue including heart 1.07 0.78 2.47 0.82 0 0 1.04 1.19 2.53
Skin excluding basal and 0.58* 0.78 0.66 0.48 0.60 0.27 0.80 0.93 1.04
squamous
Melanoma of the skin 0.57* 0.62* 0.62 0.32* 0.44 0.30 0.82 0.78 0.91
Breast 1.00 0.72" 0.58" 1.02 0.68 0.28 0.8 0.68" 0.63"
Female breast 0.99 0.71" 0.59" 0.99 0.69 0.29 0.81 0.66" 0.64
Female genital system 0.62* 0.36" 0.63 0.53 0.80 0.37 0.69 0.32 0.90
Male genital system 1.00 0.84 0.58" 0.84 0.86 0.52* 1.05 0.96 0.50*
Prostate 1.00 0.84 0.57" 0.85 0.85 0.52" 1.06 0.97 0.48"
Urinary system 1.48" 1.69" 1.37* 1.58" 1.83" 2.24* 1.67" 1.81* 1.35
Urinary bladder 1.66" 1.83" 117 1.78" 1.96° 1.19 1.71% 2.03" 1.41
Kidney 1.22 1.37 1.63* 1.12 1.25 4.67* 1.80* 1.61 0.97
Brain and other nervous system  0.76 0.45 0.24 0 0 0 1.55 1.05 0
Brain 0.80 0.47 0.25 0 0 0 1.62 1.09 0
Endocrine system 2.97" 1.27 1.67 1.72 1.26 1.01 2.98" 0.90 1.99
Thyroid 3.10° 1.37 1.80 1.88 1.38 1.10 2.98" 0.97 213
Lymphoma 1.17 0.73 0.51* 1.57 0.84 0.27 1.01 0.58 0.42
Non-Hodgkin lymphoma 1.19 0.73 0.43" 1.54 0.88 0.28 1.05 0.53 0.44
Leukemia 1.20 1.27 1.68" 1.36 0.82 1.26 0.81 1.19 2.12*

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy; SCC, squamous cell
carcinoma; ADC, adenocarcinoma.



Table S6 SIR for SPM in NSCLC patients (latency)

NSCLC
SIR
6-11 months 12-23 months 24-59 months 60-119 months 120+ months
All sites 1.06 1.20" 1.83" 2.20" 1.72
Non-lung cancer 0.92 0.95 1.11% 1.14* 1.01
Lung cancer 1.85" 2.61% 5.89" 8.18" 5.69"
All sites excluding non-melanoma skin 1.06 1.20" 1.83" 2.20* 1.73
All solid tumors 1.12° 1.20" 1.94% 2.32° 1.81
Oral cavity and pharynx 0.85 1.44 2.27* 1.59 0
Digestive system 1.27* 1.02 1.21* 1.17 2.08
Stomach 1.25 1.59 1.07 1.12 0
Small intestine 1.93 2.27 2.03 0.50 0
Colon excluding rectum 1.06 0.95 1.41* 1.14 0
Liver 1.28 1.04 1.36 1.08 8.34
Pancreas 1.36 0.75 0.96 1.36 3.93
Respiratory system 1.88" 2.61" 5.74* 7.91* 6.30"
Larynx 2.38 3.27* 3.50" 2.84" 22.1
Lung and bronchus 1.86° 2.61* 5.86" 8.15" 5.69"
Trachea 0 0 43.94* 43.23* 0
Soft tissue including heart 3.30" 1.56 0.89 0.45 0
Skin excluding basal and squamous 0.50 0.70 0.56" 1.04 0
Melanoma of the skin 0.48 0.68 0.47* 0.93 0
Breast 0.57* 0.66" 0.93 0.92 0
Female breast 0.57* 0.67* 0.91 0.91 0
Female genital system 0.42* 0.43* 0.63" 0.58 0
Male genital system 0.55" 0.71* 1.01 0.95 0
Prostate 0.55" 0.72* 1.01 0.94 0
Urinary system 1.53" 1.33 1.61" 1.58" 1.51
Urinary bladder 1.18 1.32 1.89" 1.78" 2.38
Kidney 2.37" 1.34 0.92 1.36 0
Brain and other nervous system 0.94 0.23 0.39 1.10 0
Brain 0.98 0.24 0.41 1.14 0
Endocrine system 3.85" 2.20* 1.60 1.28 0
Thyroid 417" 2.37* 1.62 1.37 0
Lymphoma 0.53 0.95 0.73 1.43 0
Non-Hodgkin lymphoma 0.56 0.89 0.77 1.38 0
Leukemia 0.76 1.47 1.53* 1.13 0

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy.



Table S7 SIR for SPM in NSCLC patients (attained calendar year)

NSCLC SCC group ADC group
S 2004-2005 2006-2007 2008-2010 2004-2005 2006-2007 2008-2010 2004-2005 2006-2007 2008-2010
All sites 1.56" 1.67* 1.64" 1.59" 1.79* 1.80" 1.61" 1.67" 1.64"
Non-lung cancer 1.00 1.07 1.06 1.04 1.21% 1.13 1.02 1.03 1.07
Lung cancer 4.68" 5.02* 4.93" 4.60" 4.97* 5.55* 4.91* 5.31* 4.94*
All sites excluding non- 1.56* 1.67* 1.64* 1.60* 1.78* 1.80* 1.61* 1.66" 1.64*
melanoma skin
All solid tumors 1.64* 1.73* 1.73* 1.69* 1.84* 1.90* 1.72* 1.73* 1.72*
Oral cavity and pharynx 1.78" 1.67* 1.64" 2.88" 2.05 2.46" 1.28 1.87 1.65
Digestive system 1.10 1.29* 1.14 1.04 1.49° 1.37* 1.17 1.16 1.06
Stomach 1.28 1.31 1.11 1.58 1.69 1.37 0.97 1.41 1.10
Small intestine 0 2.41 2.65" 0 1.32 0.98 0 2.44 2.86
Colon excluding rectum 1.07 1.47° 1.05 1.06 1.75° 1.35 1.20 1.20 1.01
Liver 1.54 0.71 1.40 0.38 0.40 1.73 1.61 1.15 1.15
Pancreas 1.15 1.14 0.96 0.98 1.41 0.78 1.50 1.08 0.89
Respiratory system 4.60" 4.91% 4.80" 4.71% 4.87* 5.55" 477" 5.18" 4.79*
Larynx 3.45" 3.30° 2.83" 6.78" 3.17 5.91* 2.74 3.48" 2.30
Lung and bronchus 4.66" 4.99 4.92* 4,57 4.89" 5.52* 4.92" 5.31" 4.94*
Trachea 28.04" 45.16" 11.5 55.79" 114.44" 40.34 0 0 0
Soft tissue including heart 1.67 0.59 1.67 0 0 0.88 2.038 0.7 2.05
Skin excluding basal and 0.64 0.64 0.74 0.55 0.4 0.51 0.80 0.82 1.07
squamous
Melanoma of the skin 0.61" 0.51* 0.70 0.62 0.15" 0.34* 0.80 0.61 1.05
Breast 0.86 0.82 0.75" 0.73 0.78 0.76 0.85 0.74 0.61*
Female breast 0.86 0.82 0.74" 0.75 0.79 0.71 0.86 0.75 0.59"
Female genital system 0.43* 0.54* 0.63* 0.57 0.61 0.76 0.51 0.69 0.61
Male genital system 0.86 0.73" 0.89 0.92 0.80 0.69 0.75 0.81 1.02
Prostate 0.86 0.72* 0.90 0.90 0.81 0.70 0.76 0.79 1.04
Urinary system 1.44* 1.45* 1.65* 1.51 1.99* 1.84* 1.89° 1.17 1.77*
Urinary bladder 1.49° 1.59* 1.76* 1.27 2.18 1.84* 2.02* 1.24 1.91*
Kidney 1.51% 0.92 1.55* 2.08 1.28 1.83 1.98* 0.68 1.73*
Brain and other nervous 0.48 0.69 0.58 0 0 0 0.78 1.62 0.62
system
Brain 0.50 0.72 0.6 0 0 0 0.81 1.69 0.65
Endocrine system 1.38 2.67* 2.05 0 2.94 1.28 1.87 2.39* 1.69
Thyroid 1.50 2.75" 2.20* 0 3.21* 1.39 2.02 2.29 1.81
Lymphoma 0.93 1.04 0.71 1.08 1.10 0.98 0.73 0.93 0.58
Non-Hodgkin lymphoma 0.91 1.02 0.74 1.13 1.01 1.03 0.68 0.97 0.60
Leukemia 1.08 1.63* 1.23 0.63 1.50 1.18 0.67 1.67 1.35

* P<0.05. SIR, standardized incidence ratio; NSCLC, non-small cell lung cancer; SPM, second primary malignancy; SCC, squamous cell carcinoma;
ADC, adenocarcinoma.
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Figure S2 Calibration plot for the risk model. The solid line represents equality between the predicted and observed probability.



