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Purpose: Different treatments for prostate cancer (PC) could affect a patient’s risk of developing second
primary cancers (SPCs). We assessed the incidence of SPC and overall survival (OS) after SPC diagnosis in
patients with PC who underwent radical prostatectomy (RP) or radiation therapy (RT) as primary
treatment.
Methods: Using the National Health Insurance Service database in South Korea, all male patients with
PC between 2002 and 2018 were corrected for selection bias between the RT and RP groups by inverse
probability of treatment weighting. The primary outcome was the incidence of SPC, and secondary
outcome was OS after SPC diagnosis; cumulative incidence functions for competing risks of each SPC
type were evaluated between the RP and RT groups. Cox regression analysis evaluated OS after SPC.
Results: Among 26,254 patients with PC, 20.3% and 79.7% were treated with RT and RP, respectively.
Patients with PC had a 7% lower risk of all SPCs than the general male population [standardized incidence
ratio (SIR) ¼ 0.93]. Bladder (SIR ¼ 1.65) and thyroid (SIR ¼ 2.75) cancers were more common in both
treatment groups. At 10-year follow-up, patients who underwent RP were less likely to have colon cancer
than those who underwent RT [risk difference (%) ¼ �0.9]. The former had a lower risk of death
following lung (aHRs: 0.70; P ¼ 0.010) and colon (aHRs: 0.53; P ¼ 0.001) SPCs and a higher risk of death
following esophageal SPC (aHRs: 6.9; P ¼ 0.008).
Conclusions: SPC incidence and OS after SPC diagnosis may be influenced by the initial PC treatment.
The choice of primary treatment for PC should guide the follow-up care and subsequent treatment
strategies for SPCs.
© 2025 The Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Approximately, 5% of the population in developed countries
survives a cancer diagnosis.1 In recent decades, early detection,
screening systems, and improved treatments have contributed to
the prolonged survival of patients with primary cancer. In the
United States, the 5-year survival rates exceed 99% for localized and
regional prostate cancer (PC).2 A significant increase in the number
of cancer survivors has led to a corresponding increase in the
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incidence of second primary cancers (SPCs), which are new primary
cancers occurring in individuals previously diagnosed with cancer.
The causes of SPC are not entirely clear owing to their relatively less
frequency among patients with primary cancer and the varied
treatments of the initial cancer. Development of SPC may be
influenced by genetic predisposition, environmental factors, life-
style choices, and treatments, such as chemotherapy or radiation
therapy (RT), used for the initial cancer.3 Generally, survival rates
for SPCs are worse than those for primary cancers.4 In the United
States, the estimated 5-year mortality specific to SPC is approxi-
mately double of that associated with the same primary cancer.5

Randomized controlled trials (RCTs) comparing radical prosta-
tectomy (RP) and RT for low- or favorable intermediate-risk local-
ized PC have shown similar oncologic outcomes.6 However, there
has been no randomized controlled trial report on high-risk PC yet,
and the optimal definitive treatment for localized PC remains
evier B.V. This is an open access article under the CC BY-NC-ND license (http://
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undetermined. The different mechanisms of action between RP and
RT could predispose patients to different medical conditions after
the primary treatment.7

This study aimed to evaluate the incidence of SPC and overall
survival following an SPC diagnosis in patients with localized PC
who were treated with RP or RT as a definitive curative treatment
option.

2. Materials and methods

2.1. Database

We used data from the National Health Claims Database pro-
vided by the National Health Insurance Service (NHIS). The latter
offers comprehensive medical care coverage to 99% of Koreans
(over 50 million individuals). The database includes records of
inpatient and outpatient diagnoses and prescriptions maintained
by the NHIS as a single public insurer. Disease codes were deter-
mined according to the Korean Standard Classification of Diseases
and Causes of Death, 8th edition (KCD-8).

The crude cancer-specific incidence rates for 24 types of cancer
in the general Korean population, stratified by age in 5-year in-
tervals and calendar year, were provided by the Korean Statistical
Information Service (KOSIS) database. We included the KOSIS data
for crude cancer-specific rates of only males aged 21 to over
85 years, from 2005 to 2018, with the following types of cancer:
stomach, lung, colon, liver, bladder, thyroid, pancreatic, gallbladder,
bile duct and other biliary, kidney, lip, oral cavity, pharyngeal, and
esophageal cancers.

2.2. Study design

This studywas approved by the institutional review board at the
Chung-Ang University Hospital. Considering the anonymous nature
of data, the requirement of informed consent was waived. The
study adhered to the guidelines of the Declaration of Helsinki.
Overall, 85,275 patients newly diagnosed with PC from 2004 to
2013 were identified using the KCD-8 code C61. The study excluded
patients who had been diagnosed with any cancer prior to the PC
diagnosis (n ¼ 9,801), those diagnosed with SPC within a year of PC
diagnosis (n ¼ 3,126), those with inaccurate information in their
records (n ¼ 359), those who did not receive RP or RP treatment
within a year of PC diagnosis (n ¼ 43,137), those who received
chemotherapy except for androgen deprivation therapy (ADT) prior
to RTor RP treatment (n¼ 296), and thosewho diedwithin a year of
PC diagnosis (n ¼ 385). Additionally, patients diagnosed with
metastatic cancer were excluded (n ¼ 1,917). The final number of
eligible patients was 26,254 (eFig. 1).

2.3. Outcomes and variables

All patients were followed up from 1 year after PC diagnosis
until the occurrence of SPC, death, or December 31, 2018, which-
ever occurred first. The primary outcomewas the occurrence of SPC
and SPC subtypes identified using the KCD codes. The initial pri-
mary treatments for PC-included RT and RP included open/lapa-
roscopic and robot-assisted RP. The latter was defined as any record
of a pathological diagnosis and anesthesia following a PC diagnosis
as robot-assisted RP had no corresponding surgical codes in the
NHIS. Open/laparoscopic RP and RT were identified using specific
surgical codes. Disease and treatment codes are provided in the
supplementary material (eTables 1 and 2). We adjusted for the
following predictors in the analysis: age at PC diagnosis (<65 years,
65e70 years, and >70 years), year of PC diagnosis (2004e2007,
2008e2010, and 2011e2013), income level (low, middle, and high),
Please cite this article as: Hyun J et al., Second primary cancer risk and
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use of ADT (within 3 months prior to or after the primary treat-
ment), and Charlson Comorbidity Index (CCI). The CCI scores were
stratified into three categories, namely 0e1, 2e3, and �4. For the
subset of our cohort diagnosed with both PC and SPC, we consid-
ered the following additional variables: age at SPC diagnosis, la-
tency period from PC to SPC diagnosis, RT treatment following SPC
diagnosis; hospitalization status; total days of hospitalization
within a year of SPC diagnosis; the occurrence of platelet and RBC
transfusions within a year of SPC diagnosis; the use of G-CSF within
a year of SPC diagnosis; and 1- and 5-year mortality rates after SPC
diagnosis.

2.4. Statistical analyses

The standardized incidence ratio (SIR), which serves as a mea-
sure of relative risk by comparing the incidence rate of SPC with
that in the general population, was calculated to compare the
incidence of SPC in male patients with PC to that of cancer in the
general male population stratified by PC treatment (either RT or
RP). To estimate the SIR, we divided the observed number of SPCs in
patients with PC by the expected number of cancer occurrences in
the general male population for each cancer type according to PC
treatment. The expected number was calculated by summing each
ageecalendar yearespecific cancer incidence rate of the general
male population multiplied by each ageecalendar yearespecific
personeyear in the study cohort of patients with PC. The 95%
confidence intervals (CIs) of the SIR were computed using profile
likelihood CIs based on a Poisson regression model.

We used stabilized inverse probability of treatment weighting
(IPTW) to correct for selection bias. A logistic regression was used
to calculate the propensity score, which represented the probability
of a patient receiving RP treatment. We assessed the balance of
covariates using standardized mean differences values; those
below 0.1 indicated the covariates being well balanced between the
two groups.

Next, we used competing risk analysis to accurately evaluate the
probability of an SPC type, considering 12 types of SPC and death as
competing risks. Cumulative incidence functions (CIFs) were esti-
mated for each type of SPC based on the AaleneJohansen estimator
using weighted data, and the differences in CIF (risk difference, RD)
at 5 years and 10 years of follow-up between the RT and RP groups
were calculated.8 Their 95% CIs were estimated using bootstrapping
with 1,000 bootstrap samples. In the subgroup analysis, we further
stratified the analysis by age at PC diagnosis (<65, 65e70, and
>70 years). To ensure the robustness of our findings, we conducted
sensitivity analyses using various approaches for covariate adjust-
ment. Specifically, we employed competing risk models with un-
weighted data and (non-stabilized) inverse probability-weighted
models.

For patients with SPC, adjusted hazard ratios were estimated
using multivariate Cox regression models to examine the associa-
tion between PC treatment and mortality according to the type of
SPC, after adjusting for age at PC diagnosis, period of PC diagnosis,
income level, CCI, and the usage of ADT for 3 months.

Analyses were conducted using SAS v.7.0 (SAS Institute Inc.,
Cary, NC, USA) and R software, version 4.0.1 (R Foundation for
Statistical Computing, Vienna, Austria). Statistical significance was
set at P < 0.05.

3. Results

3.1. Baseline characteristics of patients with PC

Among 26,254 patients with PC, 5,329 (20.3%) were treatedwith
RT and 20,925 (79.7%) with RP. The median follow-up was at 7.2
survival in prostate cancer patients: A nationwide analysis, Prostate
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(5.6e9.5) years for all patients, 6.5 (4.7e8.9) years for the RT group,
and 7.3 (5.8e9.6) years for the RP group. The baseline characteris-
tics of all patients are summarized in Table 1. Patients treated with
RT were older, with higher income, more comorbidities, and using
ADT. For the weighted data, no significant difference between the
treatment groups was observed in any of the variables with stan-
dardized mean difference values under 0.1.

Table 2 presents the SIR for all patients, in both RT and RP. The
risk for all SPCs excluding PC was 7% lower in patients with PC than
in the general male population (SIR ¼ 0.93; 95% CI: 0.90e0.97).
Patients treated with RT showed an increased risk of all SPCs
excluding PC (SIR ¼ 1.12; 95% CI: 1.04e1.20), whereas those
receiving RP showed a reduced risk of all SPCs excluding PC
(SIR ¼ 0.89; 95% CI: 0.85e0.92), compared with cancer incidence in
the general male population. There was a significant increase in
SIRs for urinary bladder cancer (SIR ¼ 1.65; 95% CI: 1.45e1.88),
thyroid cancer (SIR ¼ 2.75; 95% CI: 2.30e3.26), and other cancers
Table 1
Baseline characteristics of patients with prostate cancer according to treatment prior to

Patient characteristics Unadjusteda

Total RT RP SMD

(n ¼ 26,254) (n ¼ 5,329) (n ¼ 20,925)

Age at PC diagnosis (year) 0.48
<65 8,646 (32.9%) 1,185 (22.2%) 7,461 (35.7%)
65e70 8,858 (33.7%) 1,392 (26.1%) 7,466 (35.7%)
>70 8,750 (33.3%) 2,752 (51.6%) 5,998 (28.7%)

Period of PC diagnosis 0.08
2004e2007 5,809 (22.1%) 1,329 (24.9%) 4,480 (21.4%)
2008e2010 8,507 (32.4%) 1,637 (30.7%) 6,870 (32.8%)
2011e2013 11,938 (45.5%) 2,363 (44.3%) 9,575 (45.8%)

Income at diagnosis of PC 0.05
Low 4,704 (17.9%) 898 (16.9%) 3,806 (18.2%)
Medium 7,242 (27.6%) 1,415 (26.6%) 5,827 (27.8%)
High 14,308 (54.5%) 3,016 (56.6%) 11,292 (54.0%)

CCI 0.04
0,1 7,589 (28.9%) 1,534 (28.8%) 6,055 (28.9%)
2,3 9,156 (34.9%) 1,776 (33.3%) 7,380 (35.3%)
�4 9,509 (36.2%) 2,019 (37.9%) 7,490 (35.8%)

Usage of ADT 3 months before or after treatment 0.99
No 20,310 (77.4%) 2,320 (43.5%) 17,990 (86.0%)
Yes 5,944 (22.6%) 3,009 (56.5%) 2,935 (14.0%)

Abbreviations: PC, prostate cancer; RT, radiation therapy; RP, radical prostatectomy; SMD
deprivation therapy; CCI, commodity channel index.

a Data are presented as number (%).
b Chi-square test was conducted.

Table 2
Standardized incidence ratios (SIRs) of second primary cancers due to primary treatmen

Outcome Total

SIR (O/E) 95% CI

All SPCs excluding prostate 0.93 (3117/3340.84) (0.90, 0.97)
Stomach 0.90 (572/632.97) (0.83, 0.98)
Lung 0.74 (554/746.35) (0.68, 0.81)
Colon 0.88 (469/532.64) (0.80, 0.96)
Liver 0.72 (228/318.22) (0.63, 0.81)
Bladder 1.65 (224/135.48) (1.45, 1.88)
Thyroid 2.75 (125/45.47) (2.30, 3.26)
Pancreatic 1.00 (120/120.47) (0.83, 1.19)
Gallbladder, bile duct, and other biliary 0.81 (112/137.61) (0.67, 0.97)
Kidney 1.22 (87/71.30) (0.98, 1.49)
Lip, oral cavity, and pharyngeal 1.14 (70/61.45) (0.89, 1.43)
Esophageal 0.70 (59/84.84) (0.53, 0.89)
Other cancers 1.17 (497/426.38) (1.07, 1.27)

Abbreviations: SIR, standardized incidence ratio, PC, prostate cancer; O, observed numbe
primary cancer; RT, radiation therapy; RP, radical prostatectomy.

Please cite this article as: Hyun J et al., Second primary cancer risk and
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(SIR¼ 1.17; 95% CI: 1.07e1.27), the same patterns being observed in
the RT and RP groups. The risks of stomach, lung, colon, liver,
gallbladder, bile duct and other biliary, and esophageal complica-
tions were lower among patients with PC than in the general male
population. Furthermore, there were significantly lower risks of
colon cancer in all patients (SIR ¼ 0.88; 95% CI: 0.80e0.96) and in
the RP group (SIR ¼ 0.78; 95% CI: 0.70e0.86) than in the RT group
(SIR ¼ 1.30; 95% CI: 1.10e1.54).

3.2. Risk of SPCs in patients with PC according to treatment

Table 3 presents the estimated CIF (%) and the RD (%) using
competing risk models. At the 5-year follow-up, the risk of
pancreas and lip, oral cavity, and pharyngeal cancers was higher in
patients who received RP than in those who underwent RT [RD (%)
for pancreas ¼ 0.2; 95% CI: 0.1e0.3; and for lip, oral cavity, and
pharynx ¼ 0.1, 95% CI: 0.0e0.2]. At the 10-year follow-up, the RP
and after inverse probability weighting

IPW adjusteda

P valueb RT RP SMD Pb

(n ¼ 5,300) (n ¼ 2,0940.6)

6 <0.001 0.011 0.848
1,741.2 (32.9) 6,888.2 (32.9)
1,763.1 (33.3) 7,052.7 (33.7)
1,795.7 (33.9) 6,999.6 (33.4)

5 <0.001 0.045 0.057
1,141.8 (21.5) 4,614.0 (22.0)
1,844.6 (34.8) 6,850.2 (32.7)
2,313.7 (43.7) 9,476.4 (45.3)

4 0.002 0.024 0.450
941.8 (17.8) 3,760.6 (18.0)
1,405.8 (26.5) 5,753.0 (27.5)
2,952.4 (55.7) 1,1426.9 (54.6)

8 0.008 0.006 0.943
1,515.8 (28.6) 6,035.4 (28.8)
1,869.1 (35.3) 7,324.4 (35.0)
1,915.2 (36.1) 7,580.8 (36.2)

1 <0.001 0.005 0.752
4085.4 (77.1) 16,182.8 (77.3)
1,214.6 (22.9) 4,757.8 (22.7)

, standardized mean difference; IPW, inverse probability weighting; ADT, androgen

t of PC, adjusted for age and calendar year

Treatment

RT RP

SIR (O/E) 95% CI SIR (O/E) 95% CI

1.12 (738/661.69) (1.04, 1.20) 0.89 (2379/2679.16) (0.85, 0.92)
1.15 (140/122.00) (0.97, 1.35) 0.85 (432/510.96) (0.77, 0.93)
0.83 (127/153.02) (0.69, 0.98) 0.72 (427/593.33) (0.65, 0.79)
1.30 (136/104.26) (1.10, 1.54) 0.78 (333/428.38) (0.70, 0.86)
0.88 (54/61.12) (0.67, 1.14) 0.68 (174/257.10) (0.58, 0.78)
1.94 (56/28.80) (1.48, 2.50) 1.58 (168/106.68) (1.35, 1.83)
2.61 (19/7.29) (1.60, 3.96) 2.78 (106/38.17) (2.28, 3.34)
0.83 (20/24.16) (0.52, 1.25) 1.04 (100/96.30) (0.85, 1.26)
0.91 (26/28.59) (0.60, 1.31) 0.79 (86/109.02) (0.63, 0.97)
1.14 (15/13.19) (0.65, 1.81) 1.24 (72/58.11) (0.97, 1.55)
1.05 (12/11.44) (0.56, 1.76) 1.16 (58/50.01) (0.89, 1.48)
1.16 (19/16.37) (0.71, 1.76) 0.58 (40/68.48) (0.42, 0.78)
1.35 (114/84.34) (1.12, 1.62) 1.12 (383/342.04) (1.01, 1.24)

r of SPCs; E, expected number of SPCs; 95% CI, 95% confidence interval; SPC, second

survival in prostate cancer patients: A nationwide analysis, Prostate
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group had a lower risk of colon cancer than the RT group [RD
(%) ¼ -0.9; 95% CI: �1.5e �0.1]. Notably, the risk of death was
consistently lower in the RP group than in the RT group at both the
5- and 10-year follow-ups [RD (%) for 5-year ¼ �6.0; 95%
CI: �6.4e �4.4, and for 10-year ¼ �8.3; 95% CI: �8.6e �5.4]. The
CIF across the follow-up period for both RP and RT groups are
shown in Fig. 1 (all SPCs excluding PC, stomach, colon, and lung
cancers, and death) and eFig. 2 (bladder, thyroid, pancreatic, gall-
bladder, kidney, lip, oral cavity, esophageal, and other cancers). The
risk of colon cancer was consistently higher in the RT group than in
the RP group, and this difference increased over the follow-up
period. In subgroup analyses, the risks of kidney, lip, oral cavity,
and pharyngeal cancers were higher in the RP group than in the RT
group, particularly in patients aged <65 years. In the 65e70-year
age group, patients who underwent RP had a higher risk of thy-
roid, lip, oral cavity, and pharyngeal cancers than those who un-
derwent RT. Risk of colon cancer in the RP group was lower than
that in the RT group in the >70-year age group (eTable 3). In
sensitivity analyses, results regarding the risk of death were robust
using different covariate adjustments. However, there were sig-
nificant differences in the risks of all SPCs (excluding the prostate)
at both the 5- and 10-year follow-ups (eTable 4).

3.3. Risk of death in patients with SPCs after PC diagnosis according
to treatment

The characteristics of patients with SPCs after PC diagnosis are
presented in eTable 5. The average latency period from PC to SPC
diagnosis was 5 years [standard deviation (SD): 2.9 years]. Table 4
presents the adjusted HRs (aHRs) of the overall survival of pa-
tients with SPC after PC diagnosis according to the type of SPC. For
patients with all SPCs (excluding PC) and for those with lung and
colon SPCs, the risk of death was lower in the RP group than in the
RT group (aHRs for all SPCs excluding PC: 0.86; 95% CI: 0.75e0.99,
aHRs for lung: 0.70; 95% CI: 0.53e0.92; P ¼ 0.010, and aHRs for
colon: 0.53; 95% CI: 0.36e0.78; P ¼ 0.001). In contrast, for patients
with esophageal SPC, the RP group exhibited higher mortality
(aHRs, 6.9; 95% CI: 1.66e28.69; P¼ 0.008) than that of the RTgroup.
In patients with other SPC types, PC treatment was not associated
with mortality.

4. Discussion

To the best of our knowledge, this is the first nationwide cohort
study to show the different associations between primary treat-
ment for PC and survival according to the type of SPC. The risk of
SPC was 7% lower in patients with PC than in the general male
population. Bladder and thyroid cancers were detected more
frequently in both the RT and RP groups than in the general male
population. At the 10-year follow-up, patients treatedwith RT had a
higher risk of colon cancer than those treated with RP. The risk of
death after SPC of the lungs and colon was higher in patients who
underwent RT than in thosewho underwent RP. In contrast, the risk
of death after SPC of the esophagus was higher in patients who
underwent RP than in those who underwent RT. Considering that
there was no difference in survival rates among other cancers,
previous PC treatment was considered to affect the prognosis of
each cancer type.

Radiation-induced secondary malignancy involves a complex
process due to a long latency period and limited direct data.9 Ra-
diation carcinogenesis involves initiation of premalignant normal
cells, inactivation of killing cells, and proliferation of premalignant
clones.10 The sensitivity of various organs in the body is related to
the relative sensitivity of the cells that make up those organs.
Stochastic effects cannot be avoided;10 however, direct effects,
survival in prostate cancer patients: A nationwide analysis, Prostate



Figure 1. Cumulative incidence estimates for all SPCs excluding PC, stomach, lung, colon, and liver cancers, and death, according to the treatment of patients with PC. The
AaleneJohansen estimates of all SPCs, excluding PC, stomach, lung, colon, and liver cancers, and death, stratified by treatment of patients with PC, using the inverse treatment of
probability-weighted data. PC, prostate cancer; SPCs, second primary cancers.

Table 4
Multivariate Cox regression analysis of OS by SPC type in patients with SPC

SPC type Events, No. Multivariable modela

RT RP aHR (95% CI)b P

All SPCs excluding prostate 367 824 0.86 (0.75, 0.99) 0.030
Stomach 46 93 0.94 (0.63, 1.39) 0.744
Lung 94 217 0.70 (0.53, 0.92) 0.010
Colon 62 72 0.53 (0.36, 0.78) 0.001
Liver 33 99 0.96 (0.63, 1.45) 0.838
Urinary bladder 17 45 1.31 (0.69, 2.51) 0.414
Pancreatic 16 68 0.72 (0.37, 1.42) 0.346
Gallbladder and other biliary 15 57 1.11 (0.57, 2.15) 0.756
Lip, oral cavity, and pharyngeal 8 19 0.47 (0.12, 1.79) 0.267
Esophageal 6 19 6.90 (1.66, 28.69) 0.008
Other SPCs 70 135 0.60 (0.43, 0.84) 0.003

Abbreviations: aHR, adjusted hazard ratio; 95% CI, 95% confidence interval; OS,
overall survival; RT, radiation therapy; RP, radical prostatectomy; SPC, second pri-
mary cancer.

a In the multivariate Cox models, we adjusted for variables including age at PC
diagnosis (in years), period of prostate cancer diagnosis, income level, commodity
channel index, and androgen deprivation therapy usage (3 months).

b Reference was the RT group.
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caused by ionization of the particles and the rays, and indirect ef-
fects, caused by free radicals produced during radiolysis of water
and oxygen, can occur.11 Radiation exposure increased the risk of
developing SPCs as per the epidemiological studies on Japanese
atomic bomb survivors.12 In addition, a significant radiation-
associated increase in the risk of cancer in adolescence and young
adulthood has been reported.12 Radiation dose, time, and distance
could be another consideration for SPC.13,14 Significant increase in
SPC of colon in RT than in RP could be caused by rectal cancer being
Please cite this article as: Hyun J et al., Second primary cancer risk and
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near the prostate. For SPCs, we hypothesize that genetic pre-
dispositions, such as Lynch syndrome, could influence the devel-
opment of cancers like colorectal cancer.15 The higher incidence of
colon cancer in RT patients compared with the general population
may suggest that RT affects genetic mutations.16

Prognosis of SPC may be a different concern from the incidence
of SPC. Radiation was found to provoke submucosal fibrosis,
causing stricture and adhesion.17 Previous RT history could cause
difficulty in dissection during surgeries, and hence cause more
complications.18 The gastrointestinal tract is a radiosensitive organ
and could be a major limiting factor when determining tolerance to
radiotherapy.19 Previous radiation exposure history can influence
the decision-making of most radiologists.20 Sufficient and higher
re-irradiation dose could contribute to more favorable outcomes in
some types of SPC.21 Radio-resistance could be associated with
several biological changes of the tumor cells and the tumor
microenvironment.22 Further, while RT had shown only immuno-
suppressive effects previously, its immunostimulatory effects were
revealed recently.23 Finally, a higher ratio of invasive and variant
histology with poor prognosis of SPC of bladder was observed after
RT rather than RP.24 Therefore, different circumstances may influ-
ence the prognosis after SPC diagnosis for each cancer type.

It is hard to assume a fundamental correlation between the
incidence of SPC with RP, because there does not appear to be a
chronic mechanism by which RP directly induces SPCs. First, it is
possible that the observed differences were due to chance. For
instance, at the 5-year follow-up, the risk of pancreatic cancer and
lip, oral cavity, and pharyngeal cancers was higher in patients who
received RP than in those who underwent RT. These cancers are not
commonly observed, with only 120 cases of pancreatic cancer and
70 cases of lip, oral cavity, and pharyngeal cancers among 26,254
survival in prostate cancer patients: A nationwide analysis, Prostate
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patients. Second, differences in detection rates may have contrib-
uted. Patients undergoing RP are often followed up in urology de-
partments, where comprehensive systemic evaluations may lead to
higher detection rates of SPCs.

Our study has some limitations. First, the NHIS database, which
compared RT and RP, included a retrospective cohort. Although
IPTW analyses were used to control potential confounders, some
factors could not be controlled in a nationwide dataset. In partic-
ular, the NHIS database did not provide PC stage and grade. We
considered that metastatic disease would be excluded and that
local or locally advanced PC would be included. Second, NHIS re-
cords for robot-assisted RP could not be found as it was a non-
covered service. Therefore, we used a combination of anesthetic
and pathology codes as an operational definition without surgical
codes for robot-assisted RP. Third, this database does not include
detailed data regarding the stage or treatment after SPC diagnosis.
Fourth, data on RT were not included. Regarding RT, technological
advancements have significantly improved treatment efficacy,
quality of life, and reduced adverse effects.25 Intensity-modulated
RT offers highly precise tumor-targeted dose delivery, minimizing
the damage to adjacent tissue, but its longer beam-on time could
increase the exposure of peripheral healthy tissue to ionizing ra-
diation of low dose.26 In modern RT era, the issue of SPC has
arisen.27 However, during our study period, three-dimensional
conformal RT was the most commonly used technique, and
intensity-modulated RT only became the predominant method af-
ter 2019 in South Korea.28 Large-scale prospective datasets for
comparing the incidence and prognosis of SPC may provide a so-
lution. Nevertheless, considering the rarity and latency of SPC, a
retrospective study using nationwide data was practical to ensure
adequate follow-up measures and sample size.

5. Conclusion

Although the risk of total SPC among patients treated with
primary RT or RP was lower than that in the general age-matched
male population, there was significant increase in the SIRs of
bladder and thyroid cancers in both the groups. Patients who un-
derwent RT had a higher risk (0.9 %) of SPC of the colon than those
who underwent RP at 10-year follow-up. In SPC of the lung, colon,
and esophagus, PC treatment was associated with survival after SPC
diagnosis. Therefore, primary treatment for PC should be consid-
ered for the follow-up of SPC, and for proper treatment after SPC
diagnosis.
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