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Background: Active surveillance or watchful waiting (AS/WW) is increasingly being used as an alternative 
strategy to radical prostatectomy or radiation therapy for appropriately selected patients with prostate cancer 
(PCa). However, the prognosis of low-risk and selective intermediate-risk PCa patients after AS/WW is 
poorly defined. In this study we reviewed the patients registered in the Surveillance, Epidemiology, and End 
Results (SEER) Program to establish a competing risk nomogram for the prediction of prostate cancer-
specific mortality (PCSM).
Methods: The information of patients undergoing AS/WW in the SEER program from 2004 to 2015 was 
obtained. All patients were ISUP (International Society of Urological Pathology) grade 1 or 2 PCa and also 
fulfilled the National Comprehensive Cancer Network’s definition of low-risk PCa [prostate specific antigen 
(PSA) <10 ng/mL and cT2aN0M0 or less)]. A competing risk nomogram was used to analyze the association 
of tumor characteristics with PCSM and non-PCSM among the PCa patients with AS/WW. All cases were 
randomly divided into a training cohort and a validation cohort (1:1). A competing risk nomogram was 
constructed to predict PCSM in PCa patients with AS/WW. The performance of the PCSM nomogram was 
evaluated using the concordance index (C-index) and calibration curve.
Results: A total of 30,538 PCa patients were identified as low risk or selective intermediate risk with AS/
WW. The 10-year cumulative incidence of death from prostate cancer and death from other cause were 
2.8% (95% CI: 2.4–3.1%) and 19.3% (95% CI: 17.8–20.5%), respectively. Variables associated with PCSM 
included age, marital status, PSA, and ISUP grade. The PCSM nomogram had a good performance in both 
the training and validation cohorts, with a C-index of 0.744 (95% CI: 0.700–0.781, P<0.001) and 0.738 (95% 
CI: 0.700–0.777, P<0.001), respectively. 
Conclusions: Overall, the prognosis was favorable for the low- and selective intermediate-risk PCa 
patients with AS/WW. The competing risk nomogram yielded a good performance in identifying subgroups 
of patients with a higher risk of PCSM and potential candidates for AS/WW.
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Introduction

Prostate cancer (PCa) remains the most common male 
cancer and is among the leading cause of cancer-related 
deaths in men in industrialized countries. In 2017, 
approximately 1.3 million men were diagnosed with PCa 
worldwide and there were 416,000 associated deaths (1). 
Due to the widespread use of PSA screening, the mortality 
rate of the disease has declined by more than 50% (2). The 
results of the European Randomized Study of Screening 
Prostate Cancer revealed that a 20% reduction in mortality 
was attributable to PSA screening and treatment; however, 
48 men had to be overtreated to prevent 1 cause-specific 
death from prostate cancer (3). Almost 60% of men who 
are diagnosed with prostate cancer may not require active 
therapy (4).

Active surveillance or watchful waiting (AS/WW) is an 
alternative to radical prostatectomy or radiotherapy, and 
for appropriately selected patients AS/WW can reduce 
overtreatment (5). The 2019 National Comprehensive 
Cancer Network (NCCN) Guidelines suggested that 
observation may be an option for men with low-risk 
or favorable intermediate-risk PCa (no more than 1 
intermediate risk factor, ISUP grade ≤2, and <50% of 
biopsy cores positive) (6). A growing subset of prostate 
cancer patients are recognized to be candidates for AS/WW 
and AS/WW is increasingly being used (7-9). Nevertheless, 
the outcomes of observation in men with favorable 
intermediate-risk PCa are unclear and have produced mixed 
results (10,11). A nomogram to guide the clinical selection 
of PCa patients who are suitable for AS/WW has yet to be 
developed.

To improve the prediction of prognosis for patients 
with ISUP grade 1 or 2 PCa who conform to the 
NCCN definition of low-risk PCa [prostate specific 
antigen (PSA) <10 ng/mL and cT2aN0M0 or less], 
we reviewed the information of patients registered 
in the Surveillance, Epidemiology, and End Results 
(SEER) Program from 2004 to 2015 and analyzed the 
association of tumor characteristics with prostate cancer-
specific mortality (PCSM) and non-PCSM (considered 
a competing risk). We also constructed and validated a 
competing-risk nomogram to predict PCSM in order 
to assist clinical decision-making for PCa patients. We 
present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-994).

Methods

Study patients

Data of PCa cases diagnosed between 2004 to 2015 were 
extracted from the SEER Incidence database using the 
SEER*Stat software (version 8.3.5) (https://seer.cancer.gov/
seerstat/software/). The inclusion criteria for cases were 
low-risk (LR) (ISUP =1 and PSA <10 ng/mL and cT1-
2aN0M0) and selective intermediate-risk (SIR) (ISUP =2 
and PSA <10 ng/mL and cT1-2aN0M0) patients with AS/
WW. The exclusion criteria included: (I) incomplete clinical 
data; (II) patients with >1 primary cancer; (III) patients 
who received intervention treatments such as transurethral 
resect ion of  the prostate ,  radical  prostatectomy, 
radiotherapy, or chemotherapy; (IV) patients who were 
recommended treatment but refused it; (V) patients with 
uncertain cause of death. Prostate cancer-specific mortality 
was defined as death as a result of prostate. Competing 
mortality was defined as either non-prostate cancer 
mortality. For further analysis, age and PSA were used 
as continuous variables. Marital status was categorized as 
married or unmarried. Race was classified into white, black, 
or other. The clinical primary tumor category extension (cT) 
categories of the cases diagnosed between 2004–2009 were 
converted according to the American Joint Committee on 
Cancer (AJCC) 7th edition [available on the SEER Registrar 
Staging Assistant website; https://staging.seer.cancer.gov/cs/
input/02.05.50/prostate/extension/?breadcrumbs=(~schema_
list~),(~view_schema~,~prostate~)], in line with the cases 
between 2010–2015. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and the 
Harmonized Tripartite Guideline for Good Clinical Practice 
from the International Conference on Harmonization. 
The data analyzed in this study are freely available from 
the SEER Incidence database (https://seer.cancer.gov/) and 
required no ethical approval.

Statistical analysis

The median follow-up values were the median observed 
survival time for cases between 2004–2015. For local 
PCa cases that had a low risk of clinical progression 
within 10–15 years of diagnosis (12), the prognosis more 
vulnerable to competing events with increasing age, such 
as cardiovascular and cerebrovascular diseases. Therefore, 
the causes of death were divided into PCSM and non-

http://dx.doi.org/10.21037/tau-20-994
http://dx.doi.org/10.21037/tau-20-994
https://seer.cancer.gov/seerstat/software/
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https://staging.seer.cancer.gov/cs/input/02.05.50/prostate/extension/?breadcrumbs=(~schema_list~),(~
https://staging.seer.cancer.gov/cs/input/02.05.50/prostate/extension/?breadcrumbs=(~schema_list~),(~
https://seer.cancer.gov/
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PCSM, and the competing risk model was used for the 
analysis (13). The cumulative incidence function (CIF) was 
used to show the PCSM and non-PCSM for all patients 
and Gray’s test was used to evaluate the difference (14). The 
PCSM and non-PCSM at 5 and 10 years were predicted 
with the Fine-Gray proportional hazards regression model. 
Subsequently, the cases were randomly divided into the 
training or validation cohort (1:1). A nomogram was 
constructed in the training cohort and validated using the 
validation cohort to visualize the competing risk models (15).  
Variables, including cT stage, race, age, marital status, 
PSA, and ISUP grade, which were significantly associated 
with outcomes were incorporated into the final nomogram. 
Finally, the performance of the model was evaluated 
through discrimination and calibration (16). Discrimination 
was defined to as the model’s ability to identify events and 
was evaluated using the concordance index (C-index). 
The calibration curve was used to evaluate the agreement 
between the predictions of the model and observations 
using 500 bootstrap resamples.

All statistical analyses were performed using R software 
(version 3.6.1 software, https://www.r-project.org). The R 

packages “cmprsk”, “rms”, “mstate”, and “pec” were used to 
model and develop the nomogram. A two-sided P value of 
<0.05 was considered to be statistically significant.

Results

PCSM and competing risk analysis

A total of 30,538 patients diagnosed from 2004 to 2015 
on the SEER database were eligible for inclusion in 
our analysis. The detailed demographics and tumor 
characteristics of these patients are summarized in Table 1.

The median follow-up of all patients was 60 months 
(range, 1–155 months). Among the 30,538 cases, there 
were 358 (1.17%) deaths resulting from PCa and 2,727 
(8.93%) resulting from other causes. The 10-year 
cumulative incidence of death from prostate cancer and 
death from other cause were 2.8% (95% CI: 2.4–3.1%) and 
19.3% (95% CI: 17.8–20.5%), respectively (Figure 1A). 
Among the other causes of death, the three most common 
causes were cardiac diseases (31.9%), chronic obstructive 
pulmonary disease and associated conditions (8.6%), and 
cerebrovascular disease (7.0%). Table 1 summarizes the 5- 

Table 1 Cumulative incidences of death from prostate cancer and other causes with patient and tumor characteristics

Characteristic
No of 

patients

Prostate cancer Other Causes

No of 
deaths

5 year (%)  
(95% CI)

10 year (%)  
(95% CI)

P value
No of  

deaths
5 year (%)  
(95% CI)

10 year (%)  
(95% CI)

P value

All patients 30,538 358 0.67 (0.56–0.78) 2.75 (2.37–3.06) 2,727 6.58 (6.05–6.70) 19.33 (17.76–20.52)

Race 0.23 <0.001

Other 1,611 13 0.25 (0–0.55) 2.28 (0.73–3.75) 102 4.30 (3.02–5.38) 16.14 (11.28–18.38)

White 23,686 274 0.65 (0.52–0.77) 2.77 (2.34–3.12) 2,075 6.29 (5.73–6.45) 19.25 (17.48–20.30)

Black 5,241 71 0.92 (0.60–1.22) 2.82 (1.97–3.58) 550 8.67 (7.44–9.16) 22.35 (18.47–22.86)

Marital status <0.001 <0.001

Married 22,037 222 0.55 (0.43–0.66) 2.47 (2.06–2.83) 1,742 5.60 (5.10–5.81) 17.62 (15.85–18.32)

Unmarried 8,501 136 1.0 (0.74–1.24) 3.46 (2.69–4.10) 985 9.19 (8.08–9.48) 24.82 (21.56–26.40)

cT stage 0.27 0.086

T1 28,663 333 0.66 (0.55–0.77) 2.7 (2.3–3.01) 2,552 6.56 (6.02–6.68) 19.21 (17.60–20.35)

T2a 1,875 25 0.91 (0.38–1.42) 3.49 (1.86–5.0) 175 7.0 (5.37–8.08) 23.38 (17.30–24.25)

ISUP grade <0.001 <0.001

1 25,376 240 0.53 (0.42–0.63) 2.14 (1.79–2.45) 2,047 5.86 (5.35–6.0) 18.0 (16.27–18.77)

2 5,162 118 1.39 (1.0–1.76) 5.77 (4.40–6.79) 680 10.30 (8.82–10.70) 27.60 (23.46–29.52)

CI, confidence interval; cT stage, clinical T stage; ISUP, International Society of Urological Pathology.

https://www.r-project.org
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and 10-year PCSM and non-PCSM, together with patient 
and tumor characteristics. Figure 1 demonstrates the 
corresponding CIF curves. 

Subsequently, competing risk analysis was performed to 

define whether the variables could predict the PCSM and 
non-PCSM. Statistically significant variables associated 
with PCSM in this model included age (P<0.001), 
marital status (P<0.001), PSA (P<0.001), and ISUP grade 

Figure 1 PCSM and competing risk analysis. (A) The probability of death from prostate cancer compared with that of death from other 
causes; (B,C,D,E,F,G,H,I) The probability of death from prostate cancer and other causes by ISUP grade, marital status, cT stage, and race. 
PCSM, prostate cancer-specific mortality; ISUP, International Society of Urological Pathology.

All                                                           ISUP grade: Cancer-specific death                           ISUP grade: Death from other causes

Marital status: Cancer-specific death                         Marital status: Death from other causes                              clinical T: Cancer-specific death

Clinical T: Death from other causes                                    Race: Cancer- specific death                                       Race: Death from other causes 
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(P<0.001). PCSM was higher among older patients, with 
a sub-distribution hazard ratio (sdHR) of 1.07 (95% CI: 
1.05–1.08). Every extra unit of PSA was associated with a 
significant increase in PCSM, with an sdHR of 1.10 (95% 
CI: 1.04–1.20). Patients with ISUP 2 were more likely to 
die of PCa (sdHR =1.89, 95% CI: 1.51–2.37). Unmarried 
patients had a higher PCSM than those who were married 
(sdHR =1.61, 95% CI: 1.29–2.0). Black patients had higher 
PCSM than patients who were white or of other races, but 
there were no significant differences. Patients with cT2a 
had a higher PCSM than cT1 patients, but there were 
no significant differences. Similarly, older age, unmarried 
status, white and black race, higher PSA, and higher ISUP 
grade increased non-PCSM; however, cT2a patients had 
higher non-PCSM than cT1 patients, although there were 
no significant differences (Table 2).

PCSM nomogram

All patients were randomly divided into the training or the 
validation cohort (1:1). The detailed demographics and 
tumor characteristics of the two cohorts are summarized 
in Table S1. A nomogram to predict the probability of 
PCSM at 5, 10, and 12 years was constructed in the training 
cohort, based on age, PSA, marital status, and ISUP grade  
(Figure 2). The nomogram had a reliable performance 
in predicting PCSM, with a C-index of 0.744 (95% CI: 
0.700–0.781, P<0.001). The calibration curve based on the 
training cohort showed good agreement between prediction 
and observation in 5-, 10-, and 12-year PCSM (Figure 3A). 
Similarly, in the validation cohort, the nomogram indicated 
excellent accuracy in predicting PCSM, with a C-index of 
0.738 (95% CI: 0.700–0.777, P<0.001). The calibration 
curve also showed that the nomogram had an excellent 

Table 2 Competing risk models of probabilities of death from prostate cancer and death from other causes

Characteristics
Death from prostate cancer Death from other causes

Coefficient sdHR (95% CI) P value Coefficient sdHR (95% CI) P value

Race

Other (reference) 1 1

White 0.27 1.32 (0.75–2.30) 0.33 0.30 1.35 (0.97–1.36) 0.002

Black 0.48 1.62 (0.89–2.95) 0.11 0.65 1.92 (1.55–2.37) <0.001

Age (year)

Age* 0.063 1.07 (1.05–1.08) <0.001 0.095 1.10 (1.09–1.11) <0.001

Marital status

Married (reference) 1 1

Unmarried 0.47 1.61 (1.29–2.0) <0.001 0.47 1.59 (1.47–1.721) <0.001

cT Stage

cT1 (reference) 1 1

cT2a 0.18 1.20 (0.79–1.81) 0.38 0.01 1.02 (0.87–1.19) 0.82

PSA (ng/mL)

PSA* 0.094 1.10 (1.04–1.16) <0.001 0.054 1.06 (1.03–1.08) <0.001

ISUP grade

1 (reference) 1 1

2 0.64 1.89 (1.51–2.37) <0.001 0.21 1.23 (1.13–1.35) <0.001

sdHR, subdistribution hazard ratio; CI, confidence interval; cT stage, clinical T stage; PSA, prostate specific antigen; ISUP, International 
Society of Urological Pathology. *continuous variables.

https://cdn.amegroups.cn/static/public/TAU-20-994-Supplementary.pdf
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performance in predicting PCSM in the validation cohort 
(Figure 3B). 

Discussion

The challenges associated with the application of PSA 
have emphasized the need to develop more objective 
measures for identifying clinically significant PCa while 
continuing to reduce the sequence of over-diagnosis and 
over-treatment (17). In randomized controlled trials, AS/
WW has been proven as an alternative clinical strategy to 
active treatment for appropriately selected patients (18,19). 
A number of research about AS/WW have reported 
favorable short- to medium- term outcomes among low-
risk PCa patients, including cohorts from Johns Hopkins 
University (9),  Memorial Sloan-Kettering Cancer 
Center (20), the Royal Marsden Hospital (21), University 
of California, San Francisco (22,23), and the University of 
Toronto (24).

However, most studies to date have focused on AS/WW 

for low-risk or intermediate-risk PCa patients whose life 
expectancy is less than 10 years. Moreover, the prognoses of 
intermediate-risk PCa patients with AS/WW are complex 
and varied (18,25) due to different inclusion criteria and 
the lack of a reliable PCSM Nomogram. The University 
of Toronto cohort included a total of 450 patients with 
AS, 14% with PSA higher than 10 ng/mL, 17% with 
ISUP2 and ISUP3, and 3%with both risk factors (24). 
However, the results did not accurately identify high-
risk patients who were not suitable for AS. In the study of 
Cooperberg et al., PCa patients with AS were classified as 
low- or intermediate-rise based on the UCSF Cancer of 
the Prostate Risk Assessment (CAPRA) score. And they 
found that part of intermediate-risk patients may be 
appropriate candidates for AS (23). Similarly, Musunuru 
et al. included LR patients and part of intermediate-
risk patients (age >70 years and cT2c or PSA ≤15 ng/mL). 
Their results showed that LR and intermediate-risk patients 
with ISUP1 could receive AS, but not for ISUP2 PCa (26). 
Ploussard et al. also tried to explore the inclusion criteria 

Points
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Total Points
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Figure 2 Nomogram to predict the 5-, 10-, and 12-year PCSM of LR and SIR prostate cancer patients with AS/WW. PCSM, prostate 
cancer-specific mortality; LR, low-risk; SIR, selective intermediate-risk; PSA, prostate specific antigen; ISUP, International Society of 
Urological Pathology.
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of AS and conducted a retrospective analysis including  
2,323 patients with localized ISUP2 PCa. Their research 
suggests that patients with ISUP2 PCa could receive AS 
but should adhere to strict selection criteria (10). Thus, 
development of a nomogram may be especially beneficial 
for select which patients to receive AS. 

Further, the 2019 NCCN Guidelines recommend AS/
WW as an option for patients with favorable intermediate-
risk PCa (no more than 1 intermediate risk factor, ISUP 
grade ≤2, and <50% of biopsy cores positive) (6). Therefore, 
we included LR and SIR PCa patients with AS/WW in 
our study to predict their prognosis and to provide some 
guidance for clinical trials. A nomogram to predict PCSM 
of LR and SIR patients with AS/WW was constructed 
and validated. To our knowledge, the current study is 
the first report of AS/WW use for patients with LR and 
SIR prostate cancer to be based on a large population-
based database across the United States. Therefore, the 
nomogram we designed is the first to be used to identify 
patients potentially suitable for AS/WW and for the design 
of clinical trials involving intermediate risk patients with 
AS/WW.

We found that patients with SIR ISUP2 had higher 
PCSM than those with LR ISUP1 after adjusting for PSA, 
cT stage, race, and marital status. This result is consistent 
with previous findings that SIR PCa patients with AS are 
more likely than LR patients to upgrade to unfavorable 
disease (27). In addition, Raldow et al. found that favorable 
intermediate risk PCa did not have significantly increased 
risk of PCSM compared with low-risk PCa following 
radiotherapy and ISUP grade did not have statistical 

significance for PCSM (28). It may reveal that favorable 
intermediate risk PCa could benefit from radiotherapy. 
However, Butler et al. reported that PCSM of favorable 
intermediate risk PCa have no statistical difference between 
radical prostatectomy/radiotherapy and AS/WW (28). 
To sum up, it implies that AS/WW treatment for SIR 
patients is feasible, but should be followed more closely. 
Furthermore, most evidence for the application of AS/
WW in SIR patients has come from retrospective data. 
Therefore, prospective trials are needed to further evaluate 
the safety of AS/WW for SIR patients. 

Between 2010 and 2015, the number of black and non-
black patients with AS/WW increased (29). Our findings 
show that the difference in PCSM between black and white 
patients was not statistically significant. Previous studies 
based on the SEER database from 2010–2015 show that 
PCSM was significantly higher for black patients with low-
grade ISUP1 who underwent AS/WW than their non-black 
counterparts (30); however, the median follow-up in Mahal 
et al.’s study was 36 months, which was shorter than our 
study’s median follow-up time of 60 months. Therefore, we 
infered that racial disparities might not exist among patients 
who receive AS/WW. 

In accordance with previous studies, our data also 
showed that high PSA was associated with an increased 
risk of PCSM among PCa patients with AS/WW (26,31). 
Furthermore, patients who were unmarried had higher risks 
of PCSM and non-PCSM than those who were married, 
and this finding is supported by multiple retrospective 
reviews (32,33). Overall, our nomogram was consistent 
with the results of previous studies, indicating its reliability 

Figure 3 Calibration plot of the nomogram. (A) Calibration plot in the training cohort; (B) Calibration plot in the validation cohort. The 
dotted line represents equality between the predicted and observed probabilities.
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and helpfulness in predicting the prognosis of PCa with 
AS/WW.

We noted that older age had a negative impact on PCSM 
in patients with AS/WW (sdHR =1.07, 95% CI: 1.05–1.08), 
and the impact on non-PCSM was even more significant 
(sdHR =1.10, 95% CI: 1.09–1.11), which was consistent with 
the findings of previously published literature (33-35). This 
result implies that with increasing age, non-PCSM becomes 
higher than that of PCSM. Therefore, the possibility of 
non-PCSM should be taken into consideration during 
clinical decision-making for elderly patients. Younger 
patients are therefore suitable for AS/WW as they have 
lower PCSM, but need longer follow-up times.

Our study has several limitations. Firstly, the analyses of 
data were retrospective and heterogeneous. Secondly, the 
SEER database cannot discriminate between AS and WW. 
Thirdly, the SEER database lacks information, such as 
comorbidities, subsequent treatments, and the percentage 
of Gleason pattern 4 in specimens. Additionally, the SEER 
database does not contain information on the number of 
positive cores, which is an important inclusion criterion for 
AS/WW. We believe that our inclusion criteria (ISUP ≤2 
and PSA <10 ng/mL and cT1-2aN0M0) are by and large 
opposite to the concept of clinically significant disease based 
on expression of “definition one” (36). It also conforms to 
the criteria of favorable intermediate-risk PCa defined in 
the 2019 NCCN Guidelines (6).

In conclusion, the prognosis of LR and SIR PCa patients 
with AS/WW was excellent. Our competing risk nomogram 
showed a good performance in predicting PCSM. It could 
serve as a useful clinical tool for identifying patients with 
higher risk of PCSM and selecting candidates for AS/WW. 
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Table S1 Patients characteristics of training and validation cohorts

Characteristics All patients Training Validation P value

Patients, no., % 30,538 (100.0) 15,270 (50.0) 15,268 (50.0)

Age, average years (range) 65 (34–105) 65 (35–105) 65 (34–99) 0.42

PSA, average ng/mL (range) 5.7 (0.1–9.9) 5.7 (0.1–9.9) 5.7 (0.1–9.9) 0.64

Race, no, (%) 0.59

Other 1,611 (5.3) 787 (5.2) 824 (5.4)

White 23,686 (77.6) 11,846 (77.6) 11,840 (77.5)

Black 5,241 (17.1) 2,637 (17.2) 2,604 (17.1)

Marital status, no., (%) 0.37

Married 22,037 (72.2) 10,984 (71.9) 11,053 (72.4)

Unmarried 8,501 (27.8) 4,286 (27.1) 4,215 (27.6)

cT stage, no., (%) 0.17

T1c 28,663 (93.9) 14,361 (94.0) 14,302 (93.7)

T2a 1,875 (6.1) 909 (6.0) 966 (6.3)

ISUP grade, no., (%) 0.88

1 25,376 (83.1) 12,683 (83.1) 12,693 (83.1)

2 5,163 (16.9) 2,587 (16.9) 2,576 (16.9)

Cause of death, no., (%) 0.91

prostate cancer 358 (11.6) 176 (11.5) 182 (11.7)

other causes 2,727 (88.4) 1352 (88.5) 137 (88.3)

Follow-up after diagnosis

Average months (range) 64 (1–155) 64 (1–155) 64 (1–155) 0.82

PSA, prostate specific antigen; cT stage, clinical T stage; ISUP, International Society of Urological Pathology. P value: Student's t test and 
Chi-square test was used to test whether there was any difference in clinical characteristics between the training and validation cohorts.
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