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Background: The risk of secondary malignancies in prostate cancer (Pca) after radiation therapy (RT) is
a controversial issue. This study compares RT, radical prostatectomy (RP), and no active treatment in low-
grade, organ-confined, Pca survivors who have a life expectancy greater than 10-year.

Methods: A retrospective study was carried out in a large-scale cohort. The risk of secondary malignancies
was compared in 234,349 eligible Pca patients aged <75 years using propensity-score matched competing-
risk analysis.

Results: In total, 87,913 (37.5%) received RT, 100,020 (42.7%) underwent RP, and 46,416 (19.8%) did
not receive any sort of active treatment. After 9.9-year of follow-up, the risk of secondary malignancies was
2.4% in RT, 1.2% in RP, and 1.9% in the group that did not receive active treatment. The most frequent
site of secondary malignancy was the lung cancer. RT had a similar risk of secondary malignancy compared
with the group that did not receive active treatment [hazard ratio (HR) =1.067; 95% confidence interval (CI):
0.962-1.183, P=0.220]. Conversely, a decreased risk was observed in RP versus RT or no active treatment
(HR =1.539; 95% CI: 1.359-1.742, P<0.001); this was especially the case for the intermediate-risk group (HR
=1.678; 95% CI: 1.450-1.942, P<0.001).

Conclusions: No difference in secondary malignancies was observed in patients undergoing RT or no
active therapy. A lower risk of secondary malignancies was observed in patients undergoing RP, most likely in

due to patient selection bias based on tobacco-related comorbidity.
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Introduction

An estimate of 164,690 new prostate cancer (Pca) cases were
diagnosed in 2018 and 29,430 deaths from this condition
were also reported. Pca accounts for 9.5% of all new
cancer cases and 4.8% of overall mortality (1). Despite the

high prevalence of this disease, cancer-specific survival is
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excellent in most patients (1,2). The mortality rate is falling
thanks to advances in medical technology (3).

However, cancer survivors are susceptible to developing
secondary malignancies due to intrinsic genetic factors,
lifestyle (tobacco smoking, obesity, physical inactivity
or excessive sun exposure), and potential treatment
carcinogenicity [radiotherapy (RT), chemotherapy, or
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hormonal therapy]. Several studies have demonstrated
secondary malignancies after therapeutic radiation in
various cancer types (4-7). However, data linking RT to Pca,
as well as subsequent malignancy, are still unclear (8-11).
Previous studies focusing on this topic often neglect the
choice of most beneficiaries. Accurately defining the
patient population who are candidates for RT is critical to
prevent secondary malignancies. Usually, early-stage, low-
grade localized Pca survivors aged <75 years are the most
susceptible to RT-induced secondary malignancies. By
bringing to light this controversial issue, we hope physicians
can provide an adequate precision surveillance strategy for
Pca survivors.

Methods
Study population

"This analysis followed the Declaration of Helsinki and was
exempt from ethics approval. Based on the Surveillance,
Epidemiology, and End Results database (SEER), we
conducted a study of Pca survivors between 2004-2013.
Pca survivors are defined as men who have been diagnosed
with prostate adenocarcinoma (ICD-O-3: 8140/3) and
have undergone a single course of initial treatment, such as
radical prostatectomy (RP), RT; or in the case of one group,
no active treatment. RP included the open retropubic
procedure and as well as minimally invasive methods. RT
included external beam, brachytherapy, or a combination of
both. The group that did not receive any active treatment
underwent what we refer to as expectant or conservative
management, which involved two treatment modalities:
active surveillance (AS), and watchful waiting (WW). We
selected Pca candidates aged <75 years who were diagnosed
with stage T'1 to T2 cancer, and had a Gleason score (GS)
of 6 to 7 (Gleason grade group 1-2), and did not have any
nodal involvement or distant metastasis (IN0/MO).

To accurately define the appropriate treatment
recommendation for different populations, we further
divided this cohort into a low-risk group (T'1 to T2a, GS
=6, and prostate-specific antigen (PSA) <10 ng/mL), and an
intermediate-risk group (T2b to T2c, or GS =7, or PSA 10
to 20 ng/mL), according to the National Comprehensive
Cancer Network (NCCN) guidelines (12).

Secondary malignancies were assessed and reported 1
year after the initial diagnosis of Pca, with the end of the
follow-up period being in December 2013. Secondary Pca
was not counted as secondary malignancy. All-cause death
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was regarded as a competing event.

Statistical analysis

Variables were presented as medians (interquartile range,
IQR). Mann-Whitney U-test and Chi-square statistics
were used to analyze the patient characteristics and
proportions. P value adjusted for multiple comparisons was
set at 0.0167. The cumulative incidence function regarding
competing risks was applied to estimate the incidence of
secondary malignancy among the three arms. Differences
were calculated using the Gray’s test. The relationships
between the risk of secondary malignancies and RT and
the other two treatments were analyzed using the Fine-
Gray regression models, considering death as competing
risks. The sensitivity analysis was conducted using the
Cox regression censoring death. Proportional hazard
assumptions were visually checked using log-log plots.

"To control selection bias and potential confounding, we
performed a propensity-score matched analysis. Age, year
of diagnosis, marital status, race, PSA, GS, and T stage
were used in a logistic regression model to estimate the
propensity-score. According to the estimated propensity-
score, the RT group was matched in 1:1 ratio, with no
replacement to the RP or no active treatment group; this
was performed using the nearest-neighbor method with a
0.00001 caliper set. The Mann-Whitney U-test or Pearson
chi-square test was applied to assess the post-match balance
in the baseline covariates.

Baseline data analyses were performed using SPSS,
version 23 (IBM, Chicago, IL, USA). Stata, version 12.0
(StataCorp, College Station, TX, USA), and R version
3.4.0 (The R Foundation for Statistical Computing,
Vienna, Austria) were used for the Fine-Gray regression
and propensity-score matching algorithm. The flow chart
was illustrated with Review Manager, version 5.3 (Nordic
Cochrane Center, Cochrane Collaboration, Copenhagen).
Pie charts were drawn using GraphPad Prism, version 6.01
(GraphPad Software Incorporated, San Diego, CA, USA).
A two-sided P value <0.05 was regarded as statistically
significant in the Cox regression models.

Results
Patient characteristics

A total of 234,349 Pca patients were included in the study
(Figure 1). The mean follow-up was 9.8 years (ranging from
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T stage=1to 2 and
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N=0 and M=0
(n=259,918)
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Follow-up more than 1 year
(n=234,349)

!

No active treatment group
(n=46,416)
RP treatment group
(n=100,020)
RT treatment group (n=87,913)

Figure 1 Study flow chart for the selection of Pca cohort. Pca,
prostate cancer; RP, radical prostatectomy; RT, radiation therapy.

1 to 9.9 years) and the median age was 63 years (IQR, 58—
68 years). Forty-six thousand four hundred sixteen (19.8%)
patients underwent no active treatment, whilst 100,020
(42.7%) underwent RP, and 87,913 (37.5%) underwent RT.
Table 1 summarizes the characteristics of these three groups.

Frequency of secondary malignancies

Four thousand two hundred twenty-two (1.8%) secondary
malignancies were identified 1 year after the diagnosis
of Pca, of which, 870 (1.9%) occurred in the no active
treatment cohort, 1,241 (1.2%) occurred in RP cohort, and
2,117 (2.4%) occurred in the RT cohort (Tiable 2). As seen
in Table S1, the five most common secondary malignancies
were lung cancer (N=794, 18.8%), bladder cancer (N=520,
12.3%), colorectal cancer (N=465, 11.0%), melanoma
(N=370, 8.8%), and non-Hodgkin lymphoma (N=245,
5.8%). The site-specific frequency is slightly different in the
three arms, whilst lung cancer remains the most frequent;
no active treatment (N=182, 20.9%), RP (N=176, 14.2%),
and RT (N=436, 20.6%) (Figure 2).

Cumulative incidence of secondary malignancies

Figure 3 displays the cumulative incidence of secondary

© Translational Cancer Research. All rights reserved.

2849

malignancy in the three treatments groups. After 10-
year of follow-up, the risk of secondary malignancies
were comparable in patients treated with RT and no
active treatment (P=0.070). After 6 years of follow-up, the
incidence curve for the RT group began to separate from
the no active treatment group (Zable S2). A significant
difference in secondary malignancy risks was observed in
RT versus RP (P<0.001) as there was an early separation of
the incidence curves early from the beginning (7uble S2).

Sensitivity analyses

In the competing-risk analysis, patients who underwent
RT were associated with similar secondary malignancies
risk compared with those who received no active treatment
(HR =1.082; 95% CI: 1-1.171, P=0.051). According to
Cox regression censoring death, there was no significant
difference in secondary malignancies that could be observed
in RT versus no active treatment (HR =1.059; 95% CI:
0.979-1.146, P=0.154). After propensity-score matching
and weighting with adjustment for age, year of diagnosis,
marital status, race, PSA, GS, and T stage, the findings
were consistent (P=0.220 and 0.407). In the competing-
risk analysis, patients who underwent RT were associated
with more secondary malignancies than those who received
RP (HR =1.846; 95% CI: 1.721-1.980, P<0.001). In the
Cox regression censoring death, increased secondary
malignancies can be observed in RT versus RP (HR =1.896;
95% CI: 1.767-2.033, P<0.001). After propensity-score
adjusting, the findings were also equivalent (all P<0.001)
(Tible 3).

Subgroup analyses
When stratifying with the NCCN risk group, we did not

observe a difference in secondary malignancy risks for
patients who underwent RT compared with those who
received no active treatment (HR =1.081; 95% CI: 0.706—
1.657, P=0.720), and RP (HR =1.316; 95% CI: 0.647-2.679,
P=0.448) in the low-risk group. After a propensity-score
adjustment, this trend persisted among patients in the
RT group compared with patients who received no active
treatment or RP (P=0.195 and 0.252). In the intermediate-
risk group, an increased risk of secondary malignancies
could be seen in patients who underwent RT compared with
those who received RP (HR =2.110; 95% CI: 1.935-2.301,
P<0.001). No difference was found in RT versus no active
treatment (HR =1.047; 95% CI: 0.920-1.192, P=0.487).
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All patients No active treatment RP RT P value* P value®
Total, n (%) 234,349 [100] 46,416 (19.8) 100,020 (42.7) 87,913 (37.5)
Mean follow-up (years) 9.8 9.7 9.8 9.7
Age (years), median (IQR) 63 [58-68] 65 [59-70] 60 [55-65] 66 [60-70] <0.001  <0.001
PSA (ng/ml), median (IQR) 5.7 (4.4-7.9) 5.7 (4.5-7.9) 5.3 (4.3-7.2) 6.1 (4.7-8.7) <0.001  <0.001
Race, n (%) 0.876 <0.001
White 181,975 (79.5) 33,289 (76.8) 82,179 (76.9) 66,507 (83)
Black 36,270 (15.9) 7992 (18.4) 12,397 (12.5) 15,881 (18.4)
Other 10,568 (4.6) 2063 (4.8) 4430 (4.5) 4075 (4.7)
Marital status, n (%) <0.001 <0.001
Single 22,884 (11) 4,929 (14.9) 9,117 (9.7) 8,838 (11.1)
Married 160,997 (77.6) 23,250 (70.1) 77,305 (81.9) 60,442 (75.6)
Divorced/separated 17,720 (8.5) 3,840 (11.6) 6,338 (6.7) 7,542 (9.4)
Widowed 5,881 (2.8) 1,169 (3.5) 1,628 (1.7) 3,084 (3.9)
T stage, n (%) <0.001 <0.001
T1 91,451 [39] 29,417 (63.4) 612 (0.6) 61,422 (69.9)
T2 142,898 [61] 16,999 (36.6) 99,408 (99.4) 26,491 (30.1)
Gleason score, n (%) <0.001 <0.001
6 131,297 [56] 34,735 (74.8) 46,354 (46.3) 50,208 (57.1)
7 103,052 [44] 11,681 (25.2) 53,666 (53.7) 37,705 (42.9)
Year of diagnosis <0.001  <0.001
2004-2006 69,478 (29.6) 11,344 (24.4) 28,765 (28.8) 29,369 (33.4)
2007-2009 84,822 (36.2) 15,663 (33.7) 37,476 (37.5) 31,683 [36]
2010-2012 80,049 (34.2) 19,409 (41.8) 33,779 (33.8) 26,861 (30.6)
NCCN risk group <0.001  <0.001
Low-risk 20,800 (13.5) 8879 (41.8) 2349 (2.8) 9472 (19.8)
Intermediate-risk 133,108 (86.5) 12,478 (58.2) 82,162 (97.2) 38,468 (80.2)

2 P value was determined between RT and no active treatment cohort; ® P value was determined between RT and RP cohort. IQR,

interquartile range; PSA, prostate-specific antigen; Pca, prostate cancer; RP, radical prostatectomy; RT, radiation therapy; NCCN, The
National Comprehensive Cancer Network.

After the propensity-score adjustment, this tendency
persisted among patients in the RT group compared with
patients who received RP (P<0.001) or no active treatment

(P=0.634) (Tuble S3).

Discussion

Our study showed that patients undergoing RT have a
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similar risk to develop a secondary malignancy compared
with the no treatment group. Simultaneously, a significantly
lower risk can be observed in their RP counterparts.
Accurate life expectancy estimation is crucial in Pca
management. Young age Pca survivors tend to have a higher
chance to develop a secondary malignancy due to their
longer survival. Social Security Administration life tables
can be used to estimate life expectancy in Pca patients,

Transl Cancer Res 2020;9(4):2847-2854 | http://dx.doi.org/10.21037/tcr.2020.02.57



Translational Cancer Research, Vol 9, No 4 April 2020 2851

Table 2 Status at the end of the study in the Pca cohort

Developed secondary malignancy Alive Death Total
N Percentage (%) N Percentage (%) N Percentage (%) N Percentage (%)
The entire cohort 4,228 1.8 219,237 93.6 10,884 4.6 23,4349 100
No active treatment 870 1.9 42,196 90.9 3,350 7.2 46,416 100
RP 1,241 1.2 96,890 96.9 1,889 1.9 100,020 100
RT 2,117 2.4 80,151 91.2 5,645 6.4 87,913 100
Pca, prostate cancer; RP, radical prostatectomy; RT, radiation therapy.
A No active treatment B RP group C RT group

Other

Other
43%

Other
45.8%

42.1%

Colorectal
10.2%

Bladder

Colorectal
10.9%

11.1%

Figure 2 Sites of 5 most frequent secondary malignancy by three treatment groups. (A) No active treatment group; (B) RP group; (C) RT
group. RP, radical prostatectomy; RT, radiation therapy; NHL, non-Hodgkin lymphoma.
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Figure 3 Cumulative incidence for secondary malignancy in the Pca cohort. (A) RT versus no active treatment; (B) RT versus RP. Pca,
prostate cancer; RP, radical prostatectomy; RT, radiation therapy.
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Table 3 Cox proportional hazard model for secondary malignancy in the Pca cohort

Unadjusted analysis Propensity-adjusted analysis

N (Events) HR (95% CI) P value HR (95% CI)* P value* N (Events) HR (95% CI)° P value® HR (95% CI)° P value®
RT vs. no active 134,329 1.059 0.154 1.082 0.051 59,226 1.045 0.407 1.067 0.220
treatment (Ref.) [2,987]  (0.979-1.146) (1-1.171) [1,439] (0.942-1.159) (0.962-1.183)
RT vs. RP (Ref.) 187,933 1.896 <0.001 1.846 <0.001 43,260 1.577 <0.001 1.539 <0.001
[3,358]  (1.767-2.033) (1.721-1.980) [1,044] (1.393-1.786) (1.359-1.742)

2 competing-risk analysis; °, Propensity-score matching and weighting with adjustment for age, year of diagnosis, marital status, race,
PSA, Gleason score, AJCC T stage; °, Propensity-score matching and weighting with adjustment for age, year of diagnosis, marital status,
race, PSA, Gleason score, AJCC T stage for competing-risk analysis. Pca, prostate cancer; RP, radical prostatectomy; RT, radiation

therapy; HR, hazard ratio; Cl, confidence interval; PSA, prostate-specific antigen; AJCC, The American Joint Committee on Cancer.

which have been endorsed by the NCCN guidelines (12-14).
We selected Pca men who were diagnosed younger
than <75 years because they comprise the majority of
newly diagnosed with Pca and have a life expectancies
of more than 10 years (13). Young Pca patients with few
comorbidities might be more likely to balance the trade
of life gained and harm, whereas older patients with other
health risks, often do not factor this risk into their day to
day decision making.

In a local disease with a long-life expectancy, no active
treatment and definitive treatment (RP/RT) can be
considered for Pca patients (15). The treatment choice is
determined by patient preference, clinician judgment, and
resource availability. Recently, Prostate Testing for Cancer
and Treatment (ProtecT) trials provided high-quality
evidence of treatment for men with clinically localized
PSA-detected Pca (16,17). In a low- and intermediate-risk
population, the ProtecT trial compared RP, RT, and active
monitoring and found no difference in the cancer mortality
at 10 years (16). This trial also showed that both RP and
RT resulted in short-term adverse effects compared with
the control group; specifically, worse urinary and sexual
function after RP, and more bowel symptoms after RT.
However, the gap was progressively decreasing and did
not seem to differ among the three groups after 6 years
of follow-up (17). Two reports published in JAMA also
supported ProtecT results (18,19).

In terms of cancer mortality and patient-reported
outcome, the three arms (RP, RT or AS) in a clinically
localized Pca cohort have equally effective results.
Therefore, other side-effects and comorbidities are essential
in the decision-making process, such as the incidence of
secondary malignancies. Previous studies that investigated
radiation-induced second malignancies in Pca survivors
have yielded ambiguous results. Leveraging a large-scale,
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population-based cohort, we hope to provide the best
evidence regarding the safety of therapeutic radiation in Pca
survivors.

The suitable time frame for radiation-related cancers
development is constantly being debated. Previously,
it has ranged from 1 to 10 years in Pca men (20,21). In
a comprehensive review and meta-analysis, the results
were consistent after adjusting for different lag time
restrictions (11). In this study, we chose 1 year Pca survivors
so that we could investigate radiation-related cancers,
similar to other studies (21-23). Moreover, Pca survivors
with low-grade or organ-confined diseases (GS 6-7, T1-12)
were selected as our study population. For tumors with
high-grade or other aggressive features, an immediate and
effective treatment should be given, regardless of how
much risk of second malignancies there is. The NCCN
risk groups are used to provide a better therapeutic
recommendation and clinical decision making (12).
We organized a subgroup analysis stratification based on
the NCCN risk classification. Interestingly, there was no
differences between RT versus RP in low-risk patients;
moreover, the most significant differences were recorded
in intermediate-risk patients, which may be due to the
influence of RT dose and androgen deprivation.

Limitations

Our study has several limitations, hence the results should
be interpreted with caution as it may have been influenced
by inherent bias from the SEER database. Firstly, a
comparison against the no active treatment group has
limited value since this is not a homogenous group. The
definition of AS or WW is not specified in the SEER data.
WW is used to describe the approach to patients with a
limited remaining lifetime. AS is the most likely choice in
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our no active treatment cohort. In previous AS studies, 30%
to 50% of patients were treated 2 to 3 years after cancer
diagnosis. This could not be specified in our study given
the SEER database limitation, and it is very likely that these
patients presented with comorbidities and no treatment
were proposed. This most likely led to selection bias toward
falsely lower estimations of secondary cancer incidence in
the no treatment group.

The SEER database also provided limited information
regarding patients’ comorbidities such as cardiovascular
disease, pulmonary diseases as well as risk factors such
as smoking status or obesity, which are all crucial when
clinicians recommend appropriate treatment for Pca. The
incidence curve of secondary cancer becomes immediately
different between RT and RP, and consequently, the
relevance of this work becomes questionable. Unbalanced
health characteristics in the two groups may explain the
inferior incidence seen with RP. Pca patients with fewer
comorbidities may be more likely to receive RP. We should
note that in our study, RP patients were younger and had
lower PSA values at diagnosis. Age is a well-known risk
factor for cancer, so elderly patients (those treated with
RT) tend to have a higher risk of cancer after Pca therapy.
Although a propensity-score matched analysis adjusted
for age, PSA, GS, and T stage was performed to control
selection bias, we may need to provide more details on what
exactly we adjusted. However, there is always a possibility
of residual confounding, even after statistical adjustment
(24,25). Moreover, the patients’ comorbidities and smoking/
family history, that SEER has limited information could be
a risk factor of secondary malignancies. For example, the
high frequency of lung cancer also suggests the presence
of tobacco-related comorbidity in RT patients. Pelvic
radiation therapy is unlikely to increase the risk of lung
cancer, and more smokers could explain the difference
in secondary cancer incidence in the RT group. Also, we
obtained limited information on adjuvant hormone therapy
and chemotherapy, which are related to patients’ survival
and their risks of secondary malignancy. Unfortunately,
these data are not available and cannot be analyzed directly
with the SEER database. Also, GS before the year 2004 was
not available in the database, and we had a relatively short
follow-up time (<10 years), which is not ideal for evaluating
the incidence of secondary malignancies. The reason for
this is that cancers could develop over a more extended
period of time. Finally, in recent years, technological
advances have decreased the morbidity caused by radiation.
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Conclusions

In conclusion, men with clinically localized Pca should
be better informed about the trade-off they have to make
following any treatment, including cancer mortality,
treatments outcomes, and potential adverse effects. Our
study proved that the RT-induced risk of secondary
malignancies is like the natural course of secondary
malignancies development in young patients who have low-
grade localized Pca. Although this risk appears to increase
over time, the absolute rate remains small and therapeutic
radiation in Pca survivors seems to be safe. Our study
provides a useful addition to the existing evidence, which
will help physicians and patients make decisions regarding
their disease management. Longer-term follow-up and a
higher level of evidence are essential to study this topic.
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