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Introduction 

Metastatic prostate cancer (PCa) has a poor prognosis, and 

the incidence of metastatic PCa has increased significantly 

in the United States (1). Currently, the main treatment 

modality for newly diagnosed metastatic PCa is androgen 

deprivation therapy (ADT), followed by chemotherapeutic 

agents (2). Unfortunately, these treatment options are quite 
limited and have a heavy economic burden (3). For several 
oncologic entities, maximal cytoreductive surgery has shown 
a significant improvement in the survival of patients with 
metastatic disease (4-6). Therefore, radical prostatectomy 
(RP) is considered a potential option for prolonging survival 
in patients with metastatic PCa.
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Data from a series of population-based studies 
demonstrated that definitive local treatment, either surgical 
intervention or radiation therapy, was associated with 
improved survival in metastatic PCa patients, even in the 
presence of metastases (7-10). Additionally, previous studies 
and a recently published phase 1 study on cytoreductive 
surgery have confirmed that RP appears to be safe and has 
no extra complications in select patients with metastatic 
PCa (11-13). Obviously, some patients with distant 
metastases may benefit from RP, but there is limited data 
about which subgroups may benefit from aggressive surgery.

Therefore, producing a clinically applicable model to 
identify the selection criteria and optimal candidates for RP 
is the center of the issue. The nomogram is a convenient 
tool that can quantify individualized risk prediction and has 
value in risk stratification. Some researchers have proved 
that nomograms can provide precise risk prediction in 
multiple cancer entities (14,15). Despite several prognostic 
nomograms have been constructed for predicting survival of 
PCa patients (16), the nomogram guiding the selection of 
metastatic PCa patients for RP is still lacking.

Thus, we utilized a population-based database to develop 
a prognostic model for the stratification of patients and 
to further identify a patient subset who may be more 
likely to benefit from RP in patients with metastatic PCa. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1166).

Methods

Study population

Data were derived from the National Cancer Institute’s 
Surveillance, Epidemiology, and End Results (SEER) 
database which collects and publishes cancer-specific 
outcomes for approximately 28% of the American 
population. Using the SEER database, we identified 
patients diagnosed with metastatic PCa between 2004 and 
2015. The SEER data were open available and patients’ 
records are anonymous, therefore, this study was deemed 
exempt from review by our institutional review board. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Inclusion criteria included the following: (I) patients 
diagnosed with prostate adenocarcinoma (primary site 
code: C61.9, and histology code: 8140); (II) patients 
diagnosed with radiographic, or pathological confirmation 

of metastasis; (III) patients were between 35 and 90 years 
at initial diagnosis, and follow-up >3 months. Patients with 
missing information on metastatic substages (M1a, M1b, 
or M1c), T stage, N stage Gleason score, prostate-specific 
antigen (PSA) value, or survival status were excluded in the 
cohort. Likewise, cases treated with other types of surgery 
(e.g., cryotherapy, or transurethral resection) or radiation 
therapy [e.g., external beam radiation therapy (EBRT), or 
brachytherapy], as well as those with unknown radiation 
therapy or surgery information also were excluded.

Patients were divided into two groups based on treatment 
type: RP group (surgery site codes 50 or 70) vs. nonlocal 
treatment (NLT) group (defined as ADT or observation).

Demographic and clinical variables

Study variables included age, race, marital status, PSA, 
Gleason score, tumor stage, treatment modality (surgery, 
or radiotherapy), survival months, vital status and cause of 
death (based on the SEER cause-of-death classification). 
Clinical variables and survival outcomes of patients were 
collected by two independent authors (K Wu and Y Tang).

Statistical analysis

Differences in clinicopathologic characteristics according 
to RP and NLT were examined using Chi-square test 
for categorical variables. Multivariable Fine and Gray 
competing risks regression analyses for identifying variables 
associated with cancer-specific mortality (CSM) was 
performed and expressed as hazard ratio (HR) with 95% 
confidence interval (CI). Non-prostate cancer related death 
was treated as competing risk event for PCa-specific death. 

The nomogram predicting CSM was built in patients 
treated without RP. All variables in the multivariable 
competing risks regression analyses were used to build a 
nomogram model for predicting CSM (age, PSA, Gleason 
score, T stage, N stage, and M stage). To account for PSA 
distribution differences, logarithmic PSA transformation 
was used. Internal validation of the nomogram was 
performed using the Harrell’s concordance index (C index) 
and area under the time-dependent receiver operating 
characteristic curve (AUC).

According to the nomogram scores, decision tree analysis 
(Chi-Square automatic interaction detector) was utilized to 
identify the optimal cutoff points for dividing patients into 
three prognostic groups (i.e., the low-, intermediate-, and 
high-risk groups).

http://dx.doi.org/10.21037/tau-20-1166
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P values <0.05 were determined as statistically significant. 
All statistical analyses were performed with SPSS software 
version 23.0 (IBM, Armonk, NY, USA), and R software 
(version 3.5.1; R Foundation).

Results

A total of 8,863 eligible patients with metastatic PCa were 
enrolled in the study cohort. Among them, 400 (4.5%) 
cases received RP, while 8,463 (95.5%) patients were treated 

with NLT. The median age at initial diagnosis was 69 years 
[interquartile range (IQR), 62–77 years]. The baseline 
clinicopathological characteristics of the entire patients 
are presented in Table 1. Patients with younger age had a 
lower PSA value, and harbored low-moderate disease grade 
tended to receive RP. Likewise, patients with larger tumors, 
more positive lymph nodes, and metastatic substage M1a 
were more likely to undergo RP.

Among the entire patients finally recruited, 4,285 
(48.3%) patients died of PCa during the follow-up (median 

Table 1 Baseline demographic and clinical characteristics of the patients

Characteristic Radical prostatectomy (n=400) Nonlocal treatment (n=8,463) P value

Age, n (%)

<70 years 336 (84.0) 4,243 (50.1) <0.001

≥70 years 64 (16.0) 4,220 (49.9)

Race, n (%)

White 318 (79.5) 6,228 (73.6) 0.009 

Other/unknown 82 (20.5) 2,235 (26.4)

Marital status, n (%)

Married 307 (76.8) 4,928 (58.2) <0.001

Unmarried 75 (18.8) 2,851 (33.7)

Unknown 18 (4.5) 684 (8.1)

PSA, ng/mL (mean ± SD) 25.6±31.5 65.1±37.2 <0.001

<30 ng/mL 308 (77.0) 2,412 (28.5) <0.001

≥30 ng/mL 92 (23.0) 6,051 (71.5)

Gleason score, n (%)

≤7 181 (45.2) 1,877 (22.2) <0.001

≥8 219 (54.8) 6,586 (77.8)

T stage, n (%)

T1–3 337 (84.3) 7,502 (88.6) 0.007 

T4 63 (15.7) 961 (11.4)

N stage, n (%)

N0 243 (60.8) 5,940 (70.2) <0.001

N1 157 (39.2) 2,523 (29.8)

M stage, n (%)

M1a 56 (14.0) 596 (7.0) <0.001

M1b 282 (70.5) 6,508 (76.9)

M1c 62 (15.5) 1,359 (16.1)

PSA, prostate-specific antigen; SD, standard deviation.
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time: 28 months; IQR, 16–50 months). The 1-, 3-, and 
5-year cumulative incidence of CSM for the entire patients 
were 10.0%, 38.4%, and 52.4%, respectively. In the 
NLT patients, the multivariate competing risks analysis 
identified PSA value (P<0.001), Gleason score (P<0.001), 
T stage (P<0.001), pelvic lymphadenopathy (P<0.001), 
and metastatic substages (M1a, M1b, or M1c) (P<0.001) as 
independent predictors for CSM (Table 2). However, age 
had no significant effect on the survival outcome in patients 
with metastatic PCa. All predictors in the multivariable 
competing risks analyses model were then incorporated into 
prognostic nomogram model for CSM (Figure 1). Harrell’s 
C index of the novel nomogram was 0.630 (95% CI, 
0.628–0.632), reflecting the moderate discriminatory power 
of the model. The AUC for the 1-, 3- and 5-year CSM was 
0.624, 0.616 and 0.641, respectively, reflecting a relatively 
favorable agreement in the probability of cancer-specific 
survival between the nomogram prediction and actual 
observation (Figure S1). Each variable in the predictive 
model was assigned a score according to its contributions 
as presented in the nomogram (Figure 1). Furthermore, 
according to the sum of points, we were easily able to 
determine the predicted probability of CSM for a patient at 
each time point.

Furthermore, based on the total scores of each patient 
in the NLT group produced by the nomogram, two cutoff 
values (score 125 and 183) were determined by using 
decision tree analysis (Figure 2). Then all patients were 

Table 2 Multivariable competing risks regression analysis for  
cancer-specific mortality in patients received nonlocal treatment

Variable
Multivariate

HR (95% CI) P value

Age, years

<70 Ref.

≥70 1.01 (0.95–1.07) 0.760

LogPSA (ng/mL) 1.41 (1.30–1.53) <0.001

Gleason score

≤7 Ref.

≥8 1.58 (1.46–1.70) <0.001

T stage

T1–3 Ref.

T4 1.31 (1.20–1.44) <0.001

N stage

N0 Ref.

N1 1.15 (1.07–1.23) <0.001

M stage

M1a Ref.

M1b 1.54 (1.34–1.76) <0.001

M1c 1.78 (1.54–2.06) <0.001

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific 
antigen.

Figure 1 Nomogram predicting the CSM for metastatic prostate cancer patients received nonlocal treatment. PSA, prostate-specific 
antigen; CSM, cancer-specific mortality.
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classified into three prognostic groups: patients with a total 
score <125 were sorted into the low-risk group (n=1,171), 
cases with a total score ≥183were sorted into the high-risk 
group (n=3,530), and the remaining patients were sorted into 
the intermediate-risk group (n=4,162). In the total cohort, 
these three risk subgroups had a distinct difference in the 
5-year cumulative incidence of CSM: 25.6% in the low-risk 
group, 51.1% in the intermediate-risk group, and 63.6% in 
the high-risk group, respectively (P<0.001; Figure S2).

For the total patients, RP was significantly associated 

with decreased CSM compared with NLT (5-year 
cumulative incidence 20.4% vs. 53.8%; HR =0.396, 95% 
CI, 0.315–0.498; P<0.001; Table 3; Figure 3). In subgroup 
analysis (Table 3; Figure 3), RP also demonstrated a 
significantly lower CSM in the low-risk group (5-year 
cumulative incidence 6.9% vs. 28.6%; HR =0.231, 95% CI, 
0.134–0.397; P<0.001), and intermediate-risk group (5-year 
cumulative incidence 27.1% vs. 52.1%; HR =0.368, 95% 
CI, 0.270–0.503; P<0.001). However, RP was not correlated 
with CSM in the high-risk group (5-year cumulative 

Table 3 Effect of radical prostatectomy on cancer-specific mortality according to multivariate analysis in different groups 

Group Treatment type 5-year cumulative incidence of CSM, % P value HR (95% CI)

All patients (n=8,863) RP 20.4 <0.001 0.396 (0.315–0.498)

NLT 53.8

Low-risk (n=1,171) RP 6.9 <0.001 0.231 (0.134–0.397)

NLT 28.6

Intermediate risk (n=4,162) RP 27.1 <0.001 0.368 (0.270–0.503)

NLT 52.1

High risk (n=3,530) RP 51.7 0.190 0.748 (0.485–1.150)

NLT 63.8

HR in multivariate analysis were adjusted for age, prostate-specific antigen (PSA), Gleason score, and tumor stage. CSM, cancer-specific 
mortality; HR, hazard ratio; CI, confidence interval; RP, radical prostatectomy; NLT, nonlocal treatment.

Figure 2 Decision tree analysis according to the effect of nomogram score on cancer-specific mortality in patients received nonlocal 
treatment. CSM, cancer-specific mortality.
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incidence 51.7% vs. 63.8%; HR =0.748, 95% CI, 0.485–
1.240; P=1.190). 

Discussion

Despite several large retrospective studies, the role of RP 
in patients with metastatic PCa remains controversial. 
Based on a population-based cohort, we established a novel 
competing risk nomogram and risk classification system to 
predict individuals’ risk of CSM and identify the optimal 
candidates for RP in metastatic PCa patients. Patients in 
the low-risk group, and intermediate-risk group were found 
to benefit from RP, whereas RP did not confer any survival 

advantage in the high-risk group compared with NLT.
Advances in contemporary systemic therapy, specifically 

the introduction of novel agents, have shown improvement 
in survival for patients diagnosed with metastatic PCa  
(17-19). However, their survival remains invariably dismal, 
in stark contrast with men diagnosed without mPCa, and the 
economic burden of these patients is significantly heavy (3).  
Conversely, the survival benefit from RP has shown very 
encouraging results. Previously mentioned several studies 
have explored and demonstrated that definitive local 
treatment (either RP, or radiation therapy) resulted in a 
significant lower mortality relative to NLT in patients 
with newly diagnosed metastatic PCa, regardless of CSM 

Figure 3 Cumulative incidence of CSM by RP in the entire cohort (A), low-risk group (B), intermediate-risk group (C) and high-risk group 
(D). CSM, cancer-specific mortality; RP, radical prostatectomy; NLT, nonlocal treatment.
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or overall mortality (OM) (7-10). In the present study, we 
found that the 5-year cumulative incidence of CSM was 
20.4% in the RP group and 53.8% in the NLT group, 
which further confirmed that patients with mPCa can 
benefit from RP. 

Recently, several studies suggested that patient subsets 
with favorable oncological profiles at lower risk of CSM 
might benefit more from removal of the primary tumor. 
In a study based on the SEER database (20), RP was found 
to be invariably correlated with reduced CSM in patients 
with Gleason score ≤7, ≤ cT3, and M1a substage, reflecting 
patients with the lowest CSM rates were more likely to 
benefit from RP. In the present study, we noticed that RP 
was significantly associated with a 21.7% risk reduction in 
5-year cumulative incidence of CSM for patients in the low-
risk group and a 25.0% risk reduction in the intermediate-
risk group. However, in the high-risk group, patients had 
a similar CSM rate regardless of whether they received 
RP or NLT. Similarly, a population-based study reported 
that only patients with a 3-year predicted CSM risk ≤40%, 
might benefit from LT, regardless of RP, or radiation 
therapy (21). Likewise, a large hospital-based national 
cohort revealed that local treatment (either RP, or radiation 
therapy) could confer a survival benefit only when 3-year 
predicted OM risk was <70% (9). These findings emphasize 
that the potential benefits of RP depend on patient’s 
health condition and tumor characteristics, in addition, it 
is important to avoid over- or undertreatment by defining 
patient selection criteria in the metastatic scenario. 

In general, most previous studies on comparing RP vs. 
NLT for metastatic PCa have certain limitations. First 
and foremost, most of these reports were limited by the 
small size of RP cohorts, implying patient selection bias. 
Moreover, due to the lack of information about EBRT in 
the SEER database, local therapy in several studies focused 
on brachytherapy. No studies on radiation and EBRT 
have been conducted, specifically without understanding 
the appropriate dose, to ensure that this is not palliative 
radiation. In addition, there are few studies that directly 
compare RP with NLT. This significantly limits our ability 
to understand this issue. Furthermore, most previous 
reports had some methodological limitations, such as 
confounding all-cause mortality rates, and lacking of 
competing risk regression analysis, which limits their 
validity. Because, in the presence of competing risks, the 
competing risk analysis has proven to be a reliable method 
and has been widely used in cancer research, compared with 
the standard Cox proportional hazards regression model 

(22,23).
In this study, based on the available predictors (age at 

diagnosis, PSA value, Gleason score, T stage, N stage, and 
metastatic substages), we developed a novel competing risk 
nomogram and a risk classification system to quantify the 
individuals’ risk of CSM in patients with metastatic PCa. 
All predictors included in the predictive model can be easily 
obtained from clinical practices. Fossati et al. (21) also 
created a predictive model based on 7,569 metastatic PCa 
patients with NLT treatment identified from the SEER 
database (2004–2011). Although they included all predictors 
into the final model, the C index was only 0.61, the follow-
up time was relatively short, and without using competing 
risks analysis, which may limit the performance of their 
model. Unfortunately, despite all available predictive 
factors were incorporated into our model, the C index of 
the present nomogram for predicting CSM was 0.630, with 
moderate discriminatory power. This might be due to the 
lack of data regarding some important prognostic factors, 
such as systemic therapies, the extent metastasis, and salvage 
treatment, which have a great influence on disease progress 
and survival (24-26). The limitations of their model and 
current predictive model reveal the complexity of this issue, 
which needs to be clarified in ongoing clinical trials.

After risk prediction by the prognostic nomogram for 
CSM, risk classification is another pivotal step to identify 
optimal candidates for RP in patients with metastatic 
PCa. Relying on decision tree analysis, we identified two 
optimal cutoff values, then divided all patients into three 
different risk groups with a distinct CSM rate. Therefore, 
our approaches included predictive model and decision tree 
analysis and demonstrated its great performance in patient 
stratification, enabling clinicians to conveniently estimate 
individuals’ risk of CSM and select suitable patients who are 
more likely to benefit from RP. This approach might be a 
meaningful and practical tool for addressing the issue about 
the role of RP in metastatic PCa.

There are several limitations in this study. First, 
despite this study is based on the SEER database and 
covers approximately 28% of the American population, 
the sample size of the RP group is relatively small and 
also limited by the inherent bias of a retrospective study. 
Second, information on patient performance status, 
comorbidities, complications of RP, which may be used for 
treatment decision-making. Third, detailed information on 
testosterone level, systemic treatment, radiation therapy, 
and the extents of distant metastasis are unavailable, which 
will undoubtedly influence the survival of metastatic PCa 
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patients (25,27). Fourth, in this cohort, we excluded patients 
who received radiation therapy, including EBRT and 
brachytherapy, because information regarding EBRT organ 
site-specific codes are not recorded, as well as we cannot 
ensure that this is not palliative radiation, failing to examine 
the impact of prostate-directed radiation therapy on patient 
survival. Lastly, the power of this prognostic nomogram is 
restricted by the lacking of sufficient information regarding 
some important risk factors, but the present predictive 
model may be used to improve the understanding of the 
benefits of RP in this setting, and is conveniently performed 
in clinical practices.

Conclusions

Utilizing prognostic nomogram and decision tree analysis, 
we developed a new model for individuals’ risk prediction 
and corresponding risk classification in this setting. We 
identified patient subgroup at low or moderate risk of CSM 
may benefit more from RP. Conversely, RP did not confer 
any survival benefit in high-risk patients. Given the limited 
efficacy of contemporary systematic therapy, the value of 
RP in patients with metastatic PCa calls for revaluation, 
especially in ongoing clinical trial. As a novel model for 
selecting suitable candidates for RP among patients with 
metastatic PCa, there is a definite need for further research 
to validate and improve the merits of our nomogram.
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Supplementary

Figure S1 Area under the curves to predict CSM at 1 year (A), 3 years (B) and 5 years (C). CSM, cancer-specific mortality.

Figure S2 Cumulative incidence of CSM for the entire patients in the low-, intermediate-, and high-risk groups. CSM, cancer-specific 
mortality.


