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invasion, combined with adjuvant or salvage androgen deprivation 
therapy  (ADT) or radiation therapy.7 After RP, prostate-specific 
antigen  (PSA) is supposed to decrease to an undetectable level. 
If PSA is consecutively higher than 0.2  ng ml−1 twice and keeps 
increasing, it is defined as biochemical recurrence  (BCR).8 BCR 
is an early indication of clinical progression, which is estimated 
to precede the appearance of clinical metastasis by 8  years after 
RP. 9 Secondary treatment is usually offered to patients once BCR 
occurs. The aim of this study was to assess the role of NCCN risk 
classification in predicting BCR after RP in Chinese prostate cancer 
patients.

PATIENTS AND METHODS
Patient and data collection
We performed a retrospective study after obtaining approval from 
the Institutional Review Board of Fudan University Shanghai Cancer 
Center. We included a consecutive cohort of 891 patients with prostate 
cancer who underwent RP at Fudan University Shanghai Cancer Center 
(Shanghai, China) from March 2011 to December 2014. Each patient 
was informed about the aims of this study, and informed consent for 

INTRODUCTION
Prostate cancer is the most common malignant tumor among men in 
the United Sates, and it is estimated that there will be 164 690 new cases 
and 29 430 deaths in 2018.1 Although both incidence and mortality 
rate of prostate cancer are lower in China, there has been a dramatic 
increase over the last few decades. In 2015, it was estimated that there 
would be 60 300 new cases and 26 600 deaths from prostate cancer 
in China.2 The National Comprehensive Cancer Network  (NCCN) 
guidelines suggested a new prostate cancer risk classification system 
depending on clinicopathological characteristics. Since 2010, two new 
groups have been added to the traditional three-group classification: 
very low-risk and very high-risk groups.3 NCCN risk classification is 
mainly designed for deciding on treatment strategy for prostate cancer. 
It has also been validated for prediction of outcomes after radical 
prostatectomy  (RP) or radiation therapy. However, most of those 
validations were not performed in Asian populations.4–6

RP is one of the curative treatments for localized prostate cancer. 
For high-risk prostate cancer, RP is a reasonable first step in patients 
without tumor fixation to the pelvic wall and urethral sphincter 
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participation was obtained in accordance with the institutional guidance 
at Fudan University Shanghai Cancer Center. We excluded patients who 
received neoadjuvant ADT or radiation therapy prior to RP and patients 
with distant metastasis (M1). We also excluded from our analysis patients 
who were lost to follow-up. Our analysis eventually included 385 patients 
with prostate cancer. All these patients had complete clinical and 
follow-up records, including age, height, weight, PSA level at diagnosis, 
Gleason score (grade groups 1–5 were applied at analysis according to 
the 2014 International Society of Urological Pathology Consensus10), date 
of RP, surgical technique, pathological stage and Gleason score, surgical 
margins and lymph node stage, and BCR information. Pathological data 
were reviewed and modified according to the American Joint Committee 
on Cancer eighth edition Cancer Staging Manual.11 NCCN risk groups 
were divided according to the NCCN Clinical Practice Guidelines in 
Oncology: Prostate Cancer Version 1, 2017, and depending on clinical 
Gleason score and tumor stage. The risk groups defined by the NCCN 
guidelines were as follows: low risk: T1–T2a, Gleason score ≤6, and 
PSA <10 ng ml−1; intermediate risk: T2b–T2c or Gleason score 7 or PSA 
10–20 ng ml−1; high risk: T3a or Gleason score 8–10 or PSA >20 ng ml−1; 
very high risk for locally advanced prostate cancer: T3b–T4 or primary 
Gleason pattern 5 or >5 cores with Gleason score 8–10; and metastatic 
risk: N1 or M1 with any T stage.12 However, in this study, pathological 
Gleason score and pathological stage were used instead, which were 
considered to be more accurate. BCR after RP was defined as two 
consecutive rises in PSA >0.2 ng ml−1, which was also applied in our 
study. Patients who were classified into the very high-risk group or whose 
pathological results showed pN1 were closely monitored and followed 
up for postoperative PSA level. Adjuvant ADT or radiation therapy was 
offered to these patients. Patients who chose to receive adjuvant ADT or 
radiation therapy shortly after surgery had already been excluded from 
the analysis. Adjuvant ADT or radiation therapy was not applied if PSA 
level decreased dramatically and reached <0.2 ng ml−1.

Statistical analysis
All 385 patients were divided into the BCR or non-BCR group. The 
clinicopathological characteristics were compared with an independent 
sample t-test, Chi-squared test, and Fisher’s exact test. The BCR-free 
survival was compared using the log-rank test. Multivariable Cox 
proportional hazard analysis was conducted to confirm significance 
of BCR after RP. P < 0.05 was considered to be statistically significant. 
Another multivariable model was also conducted, which replaced PSA 
level at diagnosis, pT stage, and pN stage by NCCN risk groups. The 
statistical analysis was done by SPSS version 21.0 (SPSS Inc., Chicago, 
IL, USA) and GraphPad Prism software 7 (GraphPad Software Inc., 
La Jolla, CA, USA).

RESULTS
The clinicopathological characteristics of the 385 patients are listed 
in Table  1. During median follow-up of 48  (range: 1–78) months, 
31 (8.05%) patients experienced BCR. Among the 385 patients, 125 
received laparoscopic radical prostatectomy (LRP) and 260 received 
open radical prostatectomy (ORP). All LRP procedures were performed 
via an extraperitoneal approach. The BCR group had higher PSA level 
at diagnosis (46.54 ± 39.58 ng ml−1 vs 21.02 ± 21.06 ng ml−1, P = 0.001), 
more advanced pT stage (P = 0.002), and higher pN1 rate (P < 0.001). 
The BCR group also had more very high and metastatic NCCN risk 
groups than the non-BCR group had  (P  =  0.001). The BCR group 
tended to be more likely to undergo ORP than LRP (P = 0.043).

Survival analysis is shown in Figure  1, and 3-year BCR-free 
survival rates are shown in Table 2. Patients with PSA >20 ng ml−1 at 

diagnosis had significantly worse BCR-free survival compared with 
patients with PSA level <20 ng ml−1 (Figure 1a, P = 0.0004). Among 
the 385  patients included in the analysis, there were 201  patients 
with recorded PSA level at day 7 after RP. We also found that the 
higher short-term PSA level after RP was a significant predictor of 
BCR (Supplementary Table 1).

When stratified by Gleason grade group, patients with 
Grade  1  (Gleason score 3  +  3) and Grade  2  (Gleason score 3  +  4) 
had significantly better BCR-free survival than patients with 
Grade  3  (Gleason score 4  +  3), Grade  4  (Gleason score 4  +  4, 
3 + 5, or 5 + 3), and Grade 5 (Gleason score 4 + 5, 5 + 4, or 5 + 5) 
(Figure 1b, P = 0.0412). Pathological T stage and N stage were also 
analyzed. Patients with organ-confined prostate cancer  (pT2) had 
better BCR-free survival than patients with pT3 and pT4 prostate 
cancer  (Figure  1c, P  = 0.0013). Patients with regional lymph node 
metastasis (pN1) also had worse BCR-free survival than patients with 
pN0  (Figure  1d, P  <  0.0001). We applied the NCCN classification 
system to pool these clinicopathological factors together and found 
that BCR-free survival significantly deteriorated as NCCN risk 
level increased (Figure  1e, P  =  0.0006, Ptrend  =  0.0002). Positive 
surgical margins also contributed to worse BCR-free survival 
(Figure 1f, P = 0.0703).

We then constructed two Cox proportional hazard models to 
confirm these potential risk factors of BCR-free survival  (Table 3). 

Table 1: Patient clinicopathological characteristics

Clinicopathological characteristics BCR group Non-BCR 
group

Patient (n) 31 354

Age (year), mean±s.d. 66.24±6.67 66.27±6.82

BMI (kg m−2), mean±s.d. 24.26±2.65 23.67±2.58

Surgical technique, n (%)

ORP 26 (83.9) 234 (66.1)

LRP 5 (16.1) 120 (33.9)

PSA level at diagnosis (ng ml−1), mean±s.d. 46.54±39.58 21.02±21.06

Pathological Gleason score, n (%)

6 2 (6.5) 53 (15.0)

3+4 7 (22.6) 117 (33.1)

4+3 10 (32.3) 87 (24.6)

8 4 (12.9) 32 (9.0)

9–10 8 (25.8) 65 (18.4)

Pathologic T stage, n (%)

T2 11 (35.5) 229 (64.7)

T3a 4 (12.9) 47 (13.3)

T3b 16 (51.6) 77 (21.8)

T4 0 1 (0.3)

Pathologic N stage, n (%)

N0 24 (77.4) 336 (94.9)

N1 7 (22.6) 18 (5.1)

Surgical margins, n (%)

Positive 10 (32.3) 66 (18.6)

Negative 21 (67.7) 288 (81.4)

NCCN risk groups, n (%)

Low 0 14 (4.0)

Intermediate 7 (22.6) 142 (40.1)

High 6 (19.4) 92 (26.0)

Very high 11 (35.5) 88 (24.9)

Metastatic 7 (22.6) 18 (5.1)

BCR: biochemical recurrence; NCCN: National Comprehensive Cancer Network; ORP: open 
radical prostatectomy; BMI: body mass index; LRP: laparoscopic radical prostatectomy; 
PSA: prostate-specific antigen; s.d.: standard deviation
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Model 1 included PSA level at diagnosis, pathological T stage, 
pathological N stage, surgical margins, and surgical technique; Model 
2 included NCCN risk group, surgical margins, and surgical technique. 
PSA level at diagnosis was a significant factor for BCR-free survival after 
other variables were adjusted in Model 1 (hazard ratio [HR]: 1.02, 95% 
confidence interval [CI]: 1.01–1.03, P < 0.001). In Model 2, NCCN risk 
group was also found to be a significant factor for BCR-free survival 
after other variables were adjusted  (HR:  1.73, 95% CI: 1.20–2.51, 
P = 0.003).

DISCUSSION
In this study, we found that NCCN risk classification was a significant 
predictor of BCR after RP. As NCCN risk level increased, there was 
a significant decreasing trend in BCR-free survival rate. Therefore, 
NCCN risk classification was validated in Chinese prostate cancer 
patients and could be applied to predict BCR and BCR-free survival. 
NCCN risk classification was generated mainly based on American 
prostate cancer patients; thus, its validation among Chinese patients 
widens its application in prostate cancer management. However, the 
natural progression of prostate cancer might differ between American 
and Chinese patients. Some adjustment might need to be made to 
the original classification to predict BCR and BCR-free survival 
more accurately. Our study preliminarily indicated that NCCN risk 
classification could be applied to Chinese prostate cancer patients to 
predict BCR and BCR-free survival, which forms the basis for further 
study about modified risk classification among these patients.

BCR is a unique clinical phenomenon during prostate cancer 
treatment and progression. In general, patients experience BCR 
3.5  years after RP.  9 The 5-year BCR-free survival rate of prostate 
cancer patients is estimated as 80% and 68% for 10-year BCR-free 

survival rate.13  Patients who experience BCR have earlier clinical 
progression and worse overall survival. It is estimated that 27%–60% 
of patients with BCR experience clinical progression within 5 years.14 
The median time from clinical progression to prostate cancer-specific 
mortality is estimated as 5 years. Therefore, accurate prediction of 
BCR would benefit prostate cancer patients after definitive therapy, 
like RP. More frequent and close follow-up, as well as more active 
adjuvant treatment, should be provided to those patients with higher 
BCR risk.

In this study, we found that PSA level at diagnosis, pathological 
Gleason grade group, pathological T stage, pathological N stage, and 
surgical margins were significantly associated with BCR-free survival. 
This was consistent with other studies.15,16 Preoperative PSA level as a 
factor predicting BCR was validated in most of the available studies. 
In this study, we also confirmed that PSA level at diagnosis, as well 
as short-term PSA after RP, was a significant predictor of BCR and 
BCR-free survival after adjusting other potential factors. We found 
that short-term PSA after RP, namely at 7 days after surgery, was a 
significant predictor of BCR-free survival. The reason why we focused 

Table 2: Three years biochemical recurrence‑free survival rate

Clinicopathological characteristics 3-year BRF rate (%)

PSA level at diagnosis

<20 ng ml−1 95.58

≥20 ng ml−1 85.29

Pathological Gleason grade group

1 and 2 94.97

3, 4, and 5 89.32

Pathologic T stage

T2 95.42

T3 and T4 86.21

Pathologic N stage

N0 93.33

N1 72.00

NCCN risk group

Low 100

Intermediate 95.30

High 93.88

Very high 88.89

Metastatic 72.00

Surgical margins

Positive 93.20

Negative 86.84

NCCN: National Comprehensive Cancer Network; BRF: biochemical recurrence-free; 
PSA: prostate-specific antigen

Table 3: Multivariable analysis of biochemical recurrence‑free survival

Model Clinicopathological 
characteristics

HR 95% CI P

Model 1 PSA level at diagnosis 1.02 1.01–1.03 <0.001

Pathologic T stage 1.34 0.84–2.12 0.221

Pathologic N stage 2.14 0.82–5.41 0.106

Surgical margins 1.06 0.47–2.39 0.896

Surgical technique 0.58 0.22–1.57 0.284

Model 2 NCCN risk group 1.73 1.20–2.51 0.003

Surgical margins 1.38 0.64–2.99 0.409

Surgical technique 0.52 0.20–1.39 0.194

HR: hazard ratio; CI: confidence interval; PSA: prostate-specific antigen; NCCN: National 
Comprehensive Cancer Network

Figure 1: BCR-free survival among all patients. (a) BCR-free survival 
by prostate-specific antigen level at diagnosis; (b) BCR-free survival by 
pathological Gleason grade group; (c) BCR-free survival by pathological T 
stage; (d) BCR-free survival by pathological N stage; (e) BCR-free survival by 
NCCN risk group; (f) BCR-free survival by surgical margins. NCCN: National 
Comprehensive Cancer Network; BCR: Biochemical recurrence.

dc

b

f

a

e



Asian Journal of Andrology

NCCN risk group predicts BCR after RP 
H Xu et al

554

on PSA level at that time was because a large number of patients came 
back to our hospital at that time. It usually took our pathologists 1 week 
to draw their final conclusions about the prostatectomy samples. In 
Shanghai, the practice of reviewing reports by mobile phone apps is not 
widespread. Hence, most patients choose to come to their urologists 
for follow-up immediately after the pathology results come out. Several 
other studies have examined the association between postoperative 
PSA level and BCR rate. Vesely et  al.17 reported that patients with 
PSA >0.073 ng ml−1 at day 30 after surgery had significantly increased 
risk of BCR. Some studies used ultrasensitive PSA level after RP to 
identify BCR more accurately with a significant lead-time advantage.18,19 
However, none of those studies focused on short-term PSA level after 
RP. Our study indicated that short-term PSA level after RP was also a 
significant predictor of BCR-free survival. We will continue with this 
study and further test the role of short-term PSA level in BCR-free 
survival as well as other RP outcomes.

In the second multivariable analysis model, we replaced PSA 
level at diagnosis, pathological T stage, and pathological N stage by 
NCCN risk group. We found that NCCN risk group was a significant 
predictor of BCR and BCR-free survival after adjusting for other 
potential factors. NCCN risk classification is mainly designed for 
treatment strategy for prostate cancer according to the NCCN 
guidelines. It stratifies patients into recurrence risk groups according 
to pretreatment clinicopathological characteristics, including clinical 
tumor stage, biopsy Gleason score, and PSA level. Patients within 
different risk groups are recommended different treatment modalities. 
In this analysis, we focused on whether NCCN risk classification could 
predict BCR after RP. Hence, we replaced clinical tumor stage and 
biopsy Gleason score in the original setting by pathological tumor 
stage and pathological Gleason score. Our study validated that NCCN 
risk classification could guide treatment strategy and predict BCR after 
definitive therapy like RP.

There were several limitations to our study that need to 
be considered. First, the loss to follow-up rate was  >50%. Our 
hospital is not only a tertiary care center but also the largest cancer 
center in Eastern China, and a large proportion of patients reside 
outside Shanghai. They would receive follow-up care at their local 
urological clinic. We are exploring other approaches for follow-up, 
such as surveys on mobile phone apps, remote on-line follow-up 
clinics, and automated calls. Second, the very high-risk group 
showed moderately worse BCR-free survival than the high-risk 
group showed, although the difference was not statistically 
significant  (P  =  0.210, data not shown). This might have been 
because of the high loss of follow-up data and the small sample 
size. We are still enrolling patients to our study cohort; therefore, 
we might be able to investigate further whether BCR-free survival 
differed between these two subgroups.

CONCLUSION
This study confirmed and validated that NCCN risk classification is a 
significant predictor of BCR and BCR-free survival after RP.
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Supplementary Table 1: Multivariate analysis of biochemical 
recurrence‑free survival

HR 95% CI P

Model 1

7-day PSA level after RP 1.08 1.02–1.15 0.005

Pathologic T stage 1.53 0.91–2.58 0.112

Pathologic N stage 1.33 0.45–3.96 0.611

Surgical margins 1.50 0.60–3.80 0.389

Pathological Gleason score 0.94 0.65–1.35 0.727

Surgical technique 0.24 0.03–1.80 0.163

Model 2

7-day PSA level after RP 1.11 1.05–1.17 <0.001

NCCN risk group 1.06 0.76–1.47 0.746

Surgical margins 1.68 0.66–4.26 0.275

Surgical technique 0.19 0.03–1.40 0.103

HR: hazard ratio; CI: confidence interval; PSA: prostate-specific antigen; NCCN: National 
Comprehensive Cancer Network; RP: radical prostatectomy


