
Purpose: About 40% of men diagnosed with prostate cancer (Pca) are ≤65 years of age. This study 
evaluates the risk of second cancer among young Pca patients treated with surgery or radiation.
Materials and Methods: This is a retrospective review of 150,915 men aged ≤65 years at Pca diagno-
sis treated with surgery or radiation registered in the Surveillance, Epidemiology, and End Results 
(SEER) database between 1973 and 2014. Incidence rates of second rectum/rectosigmoid junction 
(RJ), bladder, and lung cancer in each treatment group were reported with adjustment for potential 
confounders. Cumulative incidence functions were used to summarize the risk of second cancer after 
completing initial treatment.
Results: Men treated with external beam radiation (BEAM), brachytherapy (SEED), or combined radi-
ation all exhibited a statistically significant increased incidence of second bladder cancer compared 
to men treated with surgery (adjusted incidence rate ratio [IRR]: 2.09, 1.91, and 2.04, respectively). 
Incidence of rectum/RJ cancer was also significantly increased in men receiving BEAM and combined 
radiation (adjusted IRR: 1.58 and 1.98, respectively). There were also significant differences in the cu-
mulative incidence of second bladder cancer after receiving any form of radiation compared to sur-
gery.
Conclusion: Pca survivors ≤65 years of age at Pca diagnosis had an increased risk of second bladder 
and rectum/RJ cancer after BEAM and combined radiation treatment after adjusting for confounding 
factors. Second bladder cancer incidence after either form of radiation treatment was increased even 
at 5 years after a Pca diagnosis.
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Introduction

Prostate cancer is the second most common cancer in men, behind 

only skin cancer. There will be an estimated 191,930 new prostate 

cancer cases diagnosed in 2020; 40% will occur in men ≤65 years 

of age [1]. Not all men diagnosed with prostate cancer, however, 

will die from the disease. It has been estimated that 3.1 million 

men who have at some point been diagnosed with prostate cancer 

are alive today [2]. Prostate cancer survivors face many challenges, 

including the risk of a second primary cancer [3,4]. This challenge is 
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more pronounced in younger men due to their longer post-diagno-

sis life expectancy. 

Many factors may contribute to the risk of second primary can-

cer among prostate cancer survivors. Some are similar to those in 

men with no prior cancer diagnosis, such as lifestyle, environmen-

tal exposure, and genetic susceptibility. External beam radiation 

(BEAM), brachytherapy (permanent seed implants or high-dose-

rate brachytherapy, SEED), or a combination of the two are used as 

less invasive alternatives to surgery for treating localized prostate 

cancer; radiation has been shown to increase the risk of bladder 
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and rectal cancer [5]. 

Many studies have reported on the risk of second cancer after 

prostate cancer treatment while including men of all ages at the 

time of diagnosis [6-28]. These studies may underestimate the risk 

of second cancer due to under-reporting from limited follow-up for 

older patients. So far, no study only evaluates the risk of second 

cancer in men ≤65 years of age. The purpose of this study is to re-

port the risk of bladder and rectal/rectosigmoid junction (RJ) can-

cer, using the risk of lung cancer as a reference, after prostate can-

cer diagnosis among this younger cohort. This information is 

much-needed for cancer treatment consent when discussing op-

tions at the time of prostate cancer diagnosis, and for guidance for 

second cancer screening for young men diagnosed with prostate 

cancer.

Materials and Methods

Eligible patients (n =  150,915) were identified in the 1973–2014 

multi-primary SEER (Surveillance, Epidemiology, and End Results) 

database. Patients ≤65 years of age at diagnosis with prostate 

cancer as their first malignancy were included. Patients were ex-

cluded from further analysis if they were diagnosed by autopsy or 

death certificate; had second cancer diagnosis less than 12 months 

following a prostate cancer diagnosis; had less than 12 months of 

follow-up after prostate cancer diagnosis; were listed as having re-

ceived a form of radiation therapy that was not BEAM, SEED, or a 

combination of both; or received post-operative radiation treat-

ment after radical prostatectomy. Selected patients were separated 

into four categories based on treatment received for primary pros-

tate cancer: 92,679 underwent surgery without any form of radia-

tion listed, 36,225 underwent BEAM alone, 13,001 underwent SEED 

alone, and 9,010 underwent both BEAM and SEED.

We identified the urinary bladder and the rectum/RJ as organs of 

interest in which to monitor second cancer events. These organs 

were chosen due to their proximity to the prostate, thus being 

more likely to receive incidental radiation during therapy. We also 

monitored second lung cancer as a reference group.

1. Statistical analysis
Descriptive statistics characterizing the study cohort were generat-

ed and compared between treatment modality groups. Continuous 

variables were compared using ANOVA, and categorical variables 

were compared using the chi-square test. To account for varying 

lengths of follow-up, we calculated the incidence rates (IR) of any 

second cancer, and specific second diagnoses of bladder, rectum/RJ, 

and lung cancers, for each treatment modality. Incidence rates 

were calculated as the number of observed second cancers over 

the number of person-years at risk (reported per 100 person-years). 

Person-years at risk were defined as the time from 12 months 

post-prostate cancer diagnosis to second cancer diagnosis of any 

type, death, or end of follow-up, whichever occurred first. Subjects 

with less than 12 months of follow-up post-prostate cancer diag-

nosis were excluded, and second events with a latency of less than 

12 months were discarded to avoid including occurrences of can-

cers that likely antedated the treatment for prostate cancer. With 

an offset of person-years at risk, Poisson regression was used to 

generate incidence rate ratios comparing the risk of second cancer 

between treatment modalities. Multivariate Poisson models were 

generated to adjust for potential confounders, including age at pri-

mary prostate cancer diagnosis, race, and year of primary prostate 

cancer diagnosis. Cumulative incidence functions were used to 

graphically summarize the risk of any second cancer diagnosis and 

specific cancer diagnosis of interest over time, by treatment mo-

dality, in order to account for the presence of many competing 

risks. For the lung, bladder, and rectum/RJ cumulative incidence 

analyses, subjects with a subsequent malignancy of any other type 

were censored at the time of the second malignancy. Subjects alive 

and free from subsequent malignancy throughout available fol-

low-up were censored at the date of the last follow-up. The Ka-

plan-Meier method was used to graphically summarize overall sur-

vival from the time of primary prostate cancer diagnosis to death 

from any cause; and was also used to graphically summarize sec-

ond cancer-free survival from 12 months post-primary prostate 

cancer diagnosis to second malignancy or death, whichever oc-

curred first. SAS 9.2 (SAS Institute Inc., Cary, NC, USA) was used for 

all analyses.

Results

Patient characteristics can be seen in Table 1. There were signifi-

cant differences in age, year of primary cancer diagnosis, and race 

among patients treated with surgery, BEAM, SEED, and combined 

radiation. 

The incidence rate per 100 person-years, incidence rate ratio 

(IRR), and IRR adjusted for race, age at primary prostate cancer di-

agnosis, and year of primary prostate cancer diagnosis are reported 

in Table 2 (detailed information regarding statistical analysis is in-

cluded in Supplement A, B). The adjusted IRRs for any second ma-

lignancy and lung cancer after treatment for BEAM, SEED, and 

combined radiation, compared with surgery, were significantly 

higher (Table 2). The adjusted IRRs for bladder cancer after treat-

ment for BEAM, SEED, and combined radiation, compared with 

surgery, were 2.09 (95% confidence interval [CI], 1.88–2.32), 1.91 

(95% CI, 1.61–2.26), and 2.04 (95% CI, 1.70–2.45), respectively. The 
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Table 1. Study patient characteristics

Surgery (n =  92,679) BEAM (n =  36,225) SEED (n =  13,001) Combined (n =  9,010) p-value
Person-years at risk 886,757.2 297,935 99,396.6 75,740.1
Age at prostate cancer diagnosis (yr) 58.2 ±  5.3 59.7 ±  4.7 59.0 ±  4.8 58.8 ±  4.9 <0.0001
Year of primary diagnosis 2,000.5 ±  9.2 1,998.0 ±  10.5 2,004.8 ±  4.8 2,002.9 ±  6.6 <0.0001
Race <0.0001
 White 77,443 (83.6) 26,947 (74.4) 10,356 (79.7) 6,288 (69.8)
 Black 11,213 (12.1) 7,246 (20.0) 1,962 (15.1) 2,318 (25.7)
 Other 3,218 (3.5) 1,755 (4.8) 563 (4.3) 353 (3.9)
 Unknown 805 (0.9) 277 (0.8) 120 (0.9) 51 (0.6)
SEER historic stage A <0.0001
 Localized/regional 70,615 (76.2) 22,209 (61.3) 12,594 (96.9) 8,167 (90.6)
 Un-staged 489 (0.5) 234 (0.7) 102 (0.8) 88 (1.0)
 Distant 96 (0.1) 1003 (2.8) 19 (0.2) 39 (0.4)
 Blank 21,479 (23.2) 12,779 (35.3) 286 (2.2) 716 (8.0)
Any second cancer diagnosis 9,796 (10.6) 4,807 (13.3) 1,298 (10.0) 1,018 (11.3)
  Lung 1,620 (1.8) 1,000 (2.8) 186 (1.4) 166 (1.8)
 Bladder 828 (0.9) 625 (1.7) 170 (1.3) 137 (1.5)
 Rectum/RJ 370 (0.4) 219 (0.6) 49 (0.4) 59 (0.7)
Age at second cancer diagnosis 69.2 ±  7.4 69.3 ±  7.1 67.1 ±  5.9 67.5 ±  6.3 <0.0001
Latency of second cancer diagnosis (yr) 9.7 ±  6.0 8.8 ±  5.9 7.0 ±  4.2 7.6 ±  4.9

Values are presented as mean ± standard deviation or number (%).
BEAM, external beam radiation; SEED, brachytherapy, SEER, Surveillance, Epidemiology, and End Results; RJ, rectosigmoid junction.

Table 2. Incidence rate and ratio (IRR) with adjustment for age, year of primary prostate cancer diagnosis, and race

Total person-years Incidence rate per 100 person-years 
(95% CI) IRR (95% CI) Adjusted IRRa) (95% CI)

Modelling any second malignancy
 Surgery 886,757.2 1.10 (1.08, 1.13) 1.0 (ref) 1.0 (ref)
 BEAM 297,935 1.61 (1.57, 1.66) 1.46 (1.41, 1.51)* 1.35 (1.30, 1.40)*
 SEED 99,396.6 1.31 (1.24, 1.38) 1.18 (1.12, 1.25)* 1.20 (1.13, 1.27)*
 Combined 75,740.1 1.34 (1.26, 1.43) 1.22 (1.14, 1.30)* 1.22 (1.14, 1.30)*
Modelling lung second malignancy
 Surgery 886,757.2 0.18 (0.17, 0.19) 1.0 (ref) 1.0 (ref)
 BEAM 297,935 0.34 (0.32, 0.36) 1.84 (1.70, 1.99)* 1.60 (1.48, 1.74)*
 SEED 99,396.6 0.19 (0.16, 0.22) 1.02 (0.88, 1.19) 1.11 (0.95, 1.30)
 Combined 75,740.1 0.22 (0.19, 0.26) 1.20 (1.02, 1.41)* 1.22 (1.03, 1.43)*
Modelling bladder second malignancy
 Surgery 886,757.2 0.09 (0.087, 0.10) 1.0 (ref) 1.0 (ref)
 BEAM 297,935 0.21 (0.19, 0.23) 2.25 (2.03, 2.49)* 2.09 (1.88, 2.32)*
 SEED 99,396.6 0.17 (0.15, 0.20) 1.83 (1.55, 2.16)* 1.91 (1.61, 2.26)*
 Combined 75,740.1 0.18 (0.15, 0.21) 1.94 (1.62, 2.32)* 2.04 (1.70, 2.45)*
Modelling rectum/RJ second malignancy
 Surgery 886,757.2 0.04 (0.04, 0.05) 1.0 (ref) 1.0 (ref)
 BEAM 297,935 0.07 (0.06, 0.08) 1.76 (1.49, 2.08)* 1.58 (1.33, 1.87)*
 SEED 99,396.6 0.05 (0.04, 0.07) 1.18 (0.88, 1.59) 1.30 (0.96, 1.76)
 Combined 75,740.1 0.08 (0.06, 0.10) 1.87 (1.42, 2.46)* 1.98 (1.50, 2.61)*

BEAM, external beam radiation; SEED, brachytherapy; RJ, rectosigmoid junction.
a)Adjusted for race (unknown/other groups combined), age at primary prostate diagnosis (linear), and year of primary prostate diagnosis (piecewise 
linear with spline knots at 25th [1995] and 75th percentile [2008]). Poisson model with offset for follow-up time used to calculate IRRs.
*Indicates statistical significance at alpha = 0.05 level.
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adjusted IRRs for rectum/RJ cancer after treatment for BEAM, 

SEED, and combined radiation, compared with surgery, were 1.58 

(95% CI, 1.33–1.87), 1.30 (95% CI, 0.96–1.76), and 1.98 (95% CI, 

1.50–2.61), respectively. The adjusted IRRs for lung cancer after 

treatment for BEAM, SEED, and combined radiation, compared with 

surgery, were 1.60 (95% CI, 1.48–1.74), 1.11 (95% CI, 0.95–1.30), 

and 1.22 (95% CI, 1.03–1.43), respectively. 

The cumulative incidence of second cancer is depicted in Fig. 1 

(detailed statistical analysis provided in Supplement C). When 

comparing all second cancers’ cumulative incidences, there were 

noticeable differences between men treated with surgery and any 

form of radiation (Fig. 1A). Cumulative incidences of second lung, 

bladder, and rectum/RJ cancer were higher in men treated with any 

form of radiation than in men treated with surgery (Fig. 1A, 1C, 

and 1D, respectively). Cumulative incidences of second lung, blad-

der, and rectum/RJ cancer at 5 years after prostate cancer diagno-

sis are listed in Table 3. At 5 years after prostate cancer diagnosis, 

cumulative incidences of lung and bladder cancer were different 

between men treated with surgery and any forms of radiation. 

Overall survival and second cancer-free survival are shown in Fig. 2. 

Men treated with BEAM had worse overall survival and second can-

cer-free survival.

Discussion and Conclusion

Radiation-induced secondary cancer is generally considered to 

arise 5 years or more after receiving radiation, and to be located 

within the radiation field, to be a different histological type of pri-

mary cancer, and to not be present at the time of radiation treat-

ment [29]. We observed that differences in the cumulative inci-

dence of second bladder cancers were apparent between men 

treated with surgery and men treated with either form of radiation 

at 5 years of diagnosis. There was a higher incidence of lung cancer 

for men treated with either form of radiation, compared to men 

treated with surgery. These observations suggest that men elected 

to receive radiation might have other health-related factors con-

Fig. 1. Cumulative incidence of second cancer from 12-month post-prostate cancer diagnosis. (A) Any second cancer. (B) Second lung cancer. 
(C) Second bladder cancer. (D) Second rectum/RJ cancer. BEAM, external beam radiation; SEED, brachytherapy; RJ, rectosigmoid junction.
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registry in Bavaria. The authors suggested that a higher incidence 

of second cancer after radiation alone is likely related to advanced 

age and lifestyle habits.

Our study observed that second lung cancer rates were signifi-

cantly elevated in men receiving BEAM or combined radiation 

compared to men treated with surgery, and others have also noted 

similar findings [24]. This is intriguing in part because lung tissue is 

not expected to receive radiation doses during radiation treatment 

regardless of treatment modality to the pelvis. On the other hand, 

smoking is a known risk factor for lung cancer. Smokers may have 

higher rates of respiratory insufficiency that result in increased 

risks when subject to general anesthesia, thus making them more 

likely to receive radiation as opposed to surgery. In fact, the inci-

dence rates of primary lung cancer in the general population of 

men ≤65 years is 0.28 per 100 person-years [1], compared with 

0.18 and 0.34 per 100 person-years for men treated with surgery 

and BEAM respectively. Furthermore, smoking is a risk factor for 

bladder cancer, and a difference in smoking rates between treat-

ment groups may partially explain the increased second bladder 

cancer risk in patients receiving radiation therapy. The incidence 

rates of primary bladder cancer in men younger than 65 years of 

age were 0.10 per 100 person-years, as reported in the SEER data-

base [1]. In our study cohort, the incidence rates of bladder cancer 

in men treated with BEAM, SEED, and combined radiation were 

0.21, 0.17, and 0.18 per 100 person-years comparing with 0.09 per 

100 person-years in men treated with surgery. The fact that in-

creased incidence of bladder cancer was observed 5 years 

post-prostate cancer diagnosis also suggested that radiation may 

Treatment TreatmentBEAM BEAMCombine CombineSEED SEEDSurgery Surgery

Table 3. Cumulative incidence of second cancer at 5 years after 
prostate cancer diagnosis

Cumulative incidence (%) 95% CI
Any second malignancy
 Surgery 3.01 2.90–3.13
 BEAM 4.73 4.50–4.96
 Combine 4.46 4.03–4.92
 SEED 4.25 3.89–4.62
Lung
 Surgery 0.44 0.40–0.48
 BEAM 1.01 0.90–1.12
 Combine 0.78 0.61–0.99
 SEED 0.65 0.52–0.81
Bladder
 Surgery 0.22 0.19–0.26
 BEAM 0.51 0.43–0.59
 Combine 0.41 0.29–0.57
 SEED 0.42 0.31–0.55
Rectum/RJ
 Surgery 0.16 0.13–0.18
 BEAM 0.20 0.16–0.25
 Combine 0.31 0.21–0.46
 SEED 0.15 0.09–0.23

BEAM, external beam radiation; SEED, brachytherapy; RJ, rectosigmoid 
junction; CI, confidence interval.

Fig. 2. Overall survival and second cancer-free survival. (A) Overall survival after first prostate cancer diagnosis. (B) Second cancer-free survival 
(over time at risk). BEAM, external beam radiation; SEED, brachytherapy.
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tributing to second cancer development. This hypothesis was also 

supported by the findings of Hegemann et al. [23] after their re-

view of second cancer incidence after radiation, radiation after 

surgery, and surgery alone in a population-based clinical cancer 
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not be the only risk factor for second bladder cancer. Unfortunately, 

the SEER database lacks detailed information regarding predispos-

ing factors, including smoking status or chronic lung disease. 

Therefore, we cannot validate this hypothesis in our current study. 

Incidence rates of primary rectum/RJ cancer in men younger 

than 65 years of age were 0.08 per 100 person-years, as reported 

in the SEER database [1]. In our study cohort, the incidence rates of 

rectum/RJ cancer in men treated with surgery, BEAM, SEED, and 

combined radiation were 0.04, 0.07, and 0.05 per 100 person-years, 

respectively. The relatively low incidence rate of second rectum/RJ 

cancer in our control cohort (men treated with surgery for prostate 

cancer) compared with the incidence rate of rectum/RJ cancer as a 

primary diagnosis in the general population might be related to in-

trinsic limitations of data reporting or other factors beyond the 

scope of this investigation. Further, incidences of rectum/RJ cancer 

after any form of radiation were comparable to the incidence in 

the general population, suggesting that the increase in incidence in 

men treated with radiation might be exaggerated when compari-

son was made with the incidence after surgery. 

Regardless of the cause of second cancers, our observation re-

flects the status of second cancer risk in men younger than 65 

treated with some form of radiation as reported to the SEER data-

base. There was about 100% increased risk of second bladder can-

cer in men receiving radiation compared with men treated with 

surgery. The risk of second bladder cancer observed in our study 

was higher than in published series including men of all ages. 

Brenner et al. [26] reported an increased risk of bladder cancer and 

rectal cancer (77% and 105% at 5 and 10 years, respectively) after 

radiation compared to surgery after reviewing the SEER database. 

At the time of prostate cancer diagnosis, the median ages of men 

were 70.3 years for men treated with radiation and 71.4 years for 

men treated with surgery, with <10% of men from either group 

<60 year of age. Nieder et al. [27] reported that the relative risk of 

bladder cancer after external beam radiotherapy, brachytherapy, 

and combined radiation after more than 10 years of follow-up 

compared to radical prostatectomy was 1.83, 0.47, and 1.64, re-

spectively, as reported to the SEER database. Moon et al. [19] re-

ported statistically significant increased odds of bladder cancer 

(odds ratio [OR] =  1.63; 95% CI, 1.44–1.84) after external beam 

radiation for prostate cancer, compared with men who received no 

prostate cancer-directed radiation. After reviewing the Cancer of 

the Prostate Strategic Urologic Research Endeavor (CaPSURE) dis-

ease registry, Boorjian et al. [28] reported patients treated with 

radical prostatectomy were approximately half as likely to have 

post-treatment bladder cancer as patients who underwent radia-

tion therapy (hazard ratio =  0.51; 95% CI, 0.29–0.89). After re-

viewing a large French-Canadian population-based cohort of pros-

tate cancer patients, Bhojani et al. [30] reported 40% increased in-

cidence (hazard ratio =  1.4; p =  0.02) of bladder cancer for men 

post-radiation for prostate cancer compared to men post-surgery.

Our study has several weaknesses due to the retrospective design 

and inherent deficiencies of data reported to the SEER program. 

There was no information about patients’ performance status, 

medical co-morbidities, or family history of cancer in the SEER da-

tabase. These factors might have influenced the choice of prostate 

cancer treatment and, therefore, second cancer risk. Additionally, 

there are potential issues of under-reporting of second cancers, es-

pecially in elderly patients, to the SEER database. Our study popu-

lation, comprised of men ≤65 years of age when diagnosed with 

prostate cancer, may mitigate this risk. 

Despite the above-stated weaknesses, our observations, together 

with others, underscore the challenges prostate cancer survivors 

face, in the years after prostate cancer diagnosis. Higher risks of 

any second malignancy, including lung, bladder, and rectal/RJ can-

cers, among young men treated with radiation for prostate cancer 

compared with surgery, regardless of underlying causes, suggests 

that early and continuous vigorous second cancer screening prac-

tice may be beneficial for younger prostate cancer survivors. 

In conclusion, compared to men treated with surgery, younger 

prostate cancer survivors had an increased risk of second malig-

nancy, including lung, bladder, and rectum/RJ cancer, after treat-

ment with external beam or combined radiation. The cause of the 

observed increase in second cancer risk in men treated with radia-

tion is likely multifactorial. Although the true extent of increase in 

second cancer risk (specifically second rectum/RJ cancer) after ra-

diation requires further investigation, second cancer screening 

should be an essential aspect of post-treatment survivorship care 

plan for young prostate cancer survivors.
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