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date, there have been no large multicenter studies in the Chinese 
population regarding the efficacy of PSAD and the proper PSAD 
cutoff value. In this study, we gathered 5220 consecutive biopsies 
from a multicenter cohort including members of the Chinese Prostate 
Cancer Consortium to validate the diagnostic performance of PSAD 
at different cutoff values.

PATIENTS AND METHODS
Inclusion and exclusion criteria
We included outpatients with PSA levels over 4.0 ng ml−1 or less 
than 4.0 ng ml−1 and abnormal digital rectal examination (DRE) 
results. We excluded patients suspected of urinary tract infections 
and urinary retention. Patients who received recent instrumentation 
or catheterization of the urethra in the past 2 weeks or 5α-reductase 
inhibitors in the past 2 months were also excluded. A total of 5220 
patients who underwent prostate biopsy in 18 different large referral 
hospitals in China during 2010–2013 were included in this study, and all 
the hospitals are listed in Supplementary Information. The differences 
in the PCa detection rates for the different regions that contributed to 
the data are shown in Supplementary Table 1. A total of 10–16 cores 

INTRODUCTION
The incidence of prostate cancer (PCa) ranks second among all male 
malignancies worldwide.1 The incidence of PCa in Asia is much lower 
than that in Europe and the United States, but it has shown an upward 
trend in recent years.2 Serum prostate-specific antigen (PSA) is widely 
applied in the screening and early diagnosis of PCa. However, elevated 
PSA levels may be due to a series of conditions. Benign prostate 
hyperplasia (BPH) and histological inflammation of the prostate would 
cause an increase in PSA level.3–5 Therefore, the diagnosis of PCa could 
not be made based on a slight increase in PSA level alone. The specificity 
of PSA is low, especially from 4.0 to 10.0 ng ml−1.6

Benson et al.7,8 proposed that prostate-specific antigen density 
(PSAD) could help improve the detection of PCa and reduce 
unnecessary biopsies in men with PSA levels ranging from 2.5 ng ml−1 
to 10.0 ng ml−1. Some scholars also reported that compared with PSA, 
PSAD could improve the prediction efficacy of PCa and could reduce 
unnecessary biopsies.9,10 However, the levels of PSA and prostate 
volume (PV) in the Chinese population were different from those 
in Western countries.11 In addition, studies in other Asian countries 
proposed different cutoff values for the application of PSAD.12–14 To 
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We performed this study to investigate the diagnostic performance of prostate-specific antigen density (PSAD) in a multicenter 
cohort of the Chinese Prostate Cancer Consortium. Outpatients with prostate-specific antigen (PSA) levels >−4.0 ng ml−1 regardless of 
digital rectal examination (DRE) results or PSA levels <4.0 ng ml−1 and abnormal DRE results were included from 18 large referral 
hospitals in China. The diagnostic performance of PSAD and the sensitivity and specificity for the diagnosis of prostate cancer 
(PCa) and high-grade prostate cancer (HGPCa) at different cutoff values were evaluated. A total of 5220 patients were included 
in the study, and 2014 (38.6%) of them were diagnosed with PCa. In patients with PSA levels ranging from 4.0 to 10.0 ng ml−1, 
PSAD was associated with PCa and HGPCa in both univariate (odds ratio [OR] = 45.15, P < 0.0001 and OR = 25.38, P < 0.0001, 
respectively) and multivariate analyses (OR = 52.55, P < 0.0001 and OR = 26.05, P < 0.0001, respectively). The areas under 
the receiver operating characteristic curves (AUCs) of PSAD in predicting PCa and HGPCa were 0.627 and 0.630, respectively. 
With the PSAD cutoff of 0.10 ng ml−2, we obtained a sensitivity of 88.7% for PCa, and nearly all (89.9%) HGPCa cases could be 
detected and biopsies could be avoided in 20.2% of the patients (359/1776 cases). Among these patients who avoided biopsies, 
only 30 cases had HGPCa. We recommend 0.10 ng ml−2 as the proper cutoff value of PSAD, which will obtain a sensitivity of nearly 
90% for both PCa and HGPCa. The results of this study should be validated in prospective, population-based multicenter studies.
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from initial transrectal or transperineal biopsies guided with transrectal 
ultrasound (TRUS) were collected from all patients. This study has 
passed the ethic review of the Ethics Committee of Shanghai Changhai 
Hospital (Shanghai, China; No. CHEC2013-149). All patients signed 
informed consent form for the study.

Sample collection
Peripheral blood samples were obtained before DRE and prostate 
biopsy. PV was calculated using the equation D1 × D2 × D3 × 
(π/6), with three dimensions measured by TRUS. Three types of 
electrochemiluminescence immunoassays were used with the 
Beckman Coulter Access (Beckman Coulter Inc., Brea, CA, USA), 
Abbott AxSYM (Abbott Laboratories, North Chicago, IL, USA), 
and Roche Elecsys 2010 systems (F. Hoffmann-La Roche Ltd., Basel, 
Switzerland). Recalibration was performed according to the WHO 
standards (PSA-WHO 96/670). All specimens were processed by the 
Pathology Department of these hospitals. Total PSA (tPSA), free PSA 
(fPSA), and the ratio of free-to-total PSA (%fPSA) were measured. The 
results of TRUS (having nodules or not) and other clinical information 
were collected.

Statistical analyses
We divided the patients into three groups according to PSA levels 
(4.0–10.0 ng ml−1, 10.1–20.0 ng ml−1, and above 20.0 ng ml−1). 
Univariate and multivariate stepwise logistic regression analyses 
were applied to evaluate the prediction efficacy of each variable 
(age, PSAD, %fPSA, and TRUS results) for predicting PCa and 
high-grade PCa (HGPCa, Gleason score ≥7). The PCa detection 
rates of patients in different PSA ranges were calculated. Statistical 
analyses were performed using R software (R version 3.6.0; The 
R Foundation for Statistical Computing, Vienna, Austria) and 
MedCalc Software (MedCalc Software Ltd., Ostend, Belgium). All 
of the statistical tests were two-sided, and P < 0.05 was considered 
significantly different.

RESULTS
Patients and biopsies
A total of 5220 patients were included in the study, and 2014 (38.6%) 
of them were diagnosed with PCa. Among the 2014 patients with 
PCa, 1582 were diagnosed with HGPCa (78.6%). The characteristics 
of the cohort are shown in Table 1. The clinical information of these 
patients was collected prospectively. Age was missing for 84 patients, 
and the mean age of the cohort was used instead for these patients. 
The mean age of all the patients was 68.4 (standard deviation [s.d.] 
= 8.7) years. The mean and median levels of PSA in this cohort were 
43.00 (s.d. = 145.61) ng ml−1 and 12.00 (interquartile range [IQR]: 
7.50–24.50) ng ml−1, respectively. The mean and median PSAD levels 
were 1.03 (s.d. = 4.58) ng ml−2 and 0.26 (IQR: 0.14–0.59) ng ml−2, 
respectively. The mean and median PSA and PSAD levels in patients 
with PCa were higher than those in patients without PCa. All patients 
underwent 10- to 16-core prostate biopsies (median 12 cores). 
Among them, 1589 men underwent 10-core biopsies (30.4%), 101 
men underwent 11-core biopsies (1.9%), 2505 men underwent 
12-core biopsies (48.0%), and 1025 men underwent 13–16-core 
biopsies (19.6%). There were 1776, 1566, and 1581 patients with PSA 
levels of 4.0–10.0 ng ml−1, 10.1–20.0 ng ml−1, and above 20.0 ng ml−1, 
respectively. The PCa detection rates of these groups were 25.4%, 
33.8%, and 62.4%, respectively. The proportions of HGPCa cases in 
all the PCa cases were 65.6%, 73.9%, and 87.7%, respectively. The 
distribution of Gleason score in different PSA ranges is detailed in 
Supplementary Table 2.

Univariate and multivariate logistic regression analyses
In univariate logistic regression analysis, age, PSAD, %fPSA, and TRUS 
results were all associated with biopsy results (all P < 0.0001, Table 2). 
Multivariate logistic regression analysis indicated these four variables 
as independent predictors of PCa and HGPCa in all patients.

In patients with PSA levels ranging from 4.0 ng ml−1 to 10.0 ng ml−1, 
PSAD was associated with PCa and HGPCa in both univariate and 
multivariate analyses (all P < 0.0001). PSAD (both P < 0.0001), age 
(both P < 0.0001), and %fPSA (P = 0.0010 and P = 0.0051, respectively) 
were all independent predictors of PCa and HGPCa. However, TRUS 
results were not associated with PCa or HGPCa (P = 0.2728 and P = 
0.8907; Table 2).

In patients with PSA levels ranging from 10.1 ng ml−1 to 
20.0 ng ml−1, age and %fPSA were associated with PCa and HGPCa in 
both univariate and multivariate logistic regression analyses. However, 
PSAD was not associated with PCa and HGPCa and was not a predictor 
for either of them in this PSA range (P = 0.2141 and P = 0.1265, 
respectively). TRUS results were associated with PCa (P = 0.0192) 
but were not associated with HGPCa (P = 0.0667); however, it was 
an independent predictor for both PCa and HGPCa (P = 0.0080 and 
P = 0.0395, respectively).

Diagnostic efficacy
In men with PSA levels ranging from 4.0 ng ml−1 to 10.0 ng ml−1, 
10.1 ng ml−1 to 20.0 ng ml−1, above 20.0 ng ml−1, and the whole cohort, 
the areas under the receiver operating characteristic (ROC) curve 
(AUCs) of PSAD for predicting PCa and HGPCa were all higher than 
those of PSA (Figure 1 and Table 3). The AUCs of PSAD in predicting 
PCa and HGPCa in patients with PSA levels ranging from 4.0 ng ml−1 
to 10.0 ng ml−1 were 0.627 and 0.630, respectively. The AUCs of PSA 
were 0.526 and 0.524. In patients with PSA levels above 20.0 ng ml−1, 
although the overall diagnostic performance of PSAD was still higher 
than that of PSA, the improvement in AUCs in predicting HGPCa was 
limited (0.664 vs 0.647; P = 0.06).

Optimal PSAD cutoff value for patients with PSA levels ranging from 
4.0 ng ml−1 to 10.0 ng ml−1

The statistically optimal cutoff value of PSAD in our study was 
0.16 ng ml−2, with the highest sum of specificity and sensitivity. This 
cutoff value would detect 61.6% (278/451 cases) of PCa cases and 
63.9% (189/296 cases) of HGPCa cases by performing biopsies in 
nearly half of the patients (827/1776 cases, 46.6%). At the same time, 
a total of 173 cases of PCa and 107 cases (36.1% of HGPCa) of HGPCa 
would be missed. Instead, with the PSAD cutoff value of 0.10 ng ml−2, 
nearly all (89.9%) HGPCa cases could be detected, and biopsies could 
be avoided in 20.2% of the patients (359/1776 cases). Among these 
patients who avoided biopsies, only 30 cases (10.1%) had HGPCa. 
In contrast, if the 0.16 cutoff was applied, 107 (36.1%) HGPCa cases 
would be missed (Table 4).

A total of 432 patients had PCa with Gleason score of 6 (432/2014 
cases, 21.4%) in the whole cohort. When we took 0.10 ng ml−2 as the 
PSAD cutoff value, 395 patients would be diagnosed with PCa, and 37 
(37/432 cases, 8.6%) Gleason 6 patients would avoid biopsies (Table 5).

DISCUSSION
To the best of our knowledge, this multicenter study is the largest and 
only nationwide study of PSAD in a Chinese population with patients 
from 18 hospitals across China. Although PSAD is a predictor that 
has been extensively studied in Western populations, it was shown in 
previous studies that substantial differences existed between Chinese 
and Western populations in terms of PSA and its derivatives.11 At the 
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same time, there were no large-scale multicenter studies in the Chinese 
population that could provide convincing evidence on the national 

scale, and the diagnostic efficacy of PSAD was still based on studies 
from the Western populations.

Table 1: Characteristics of the study cohort (n=5220)

Variables PSA (ng ml−1) The whole cohort

4.0–10.0 10.1–20.0 Above 20.0

Age at time of biopsy (year)

Mean±s.d. 66.4±8.5 68.9±8.5 70.6±8.2 68.4±8.7

Median (IQR) 67.0 (61.0–73.0) 69.0 (69.0–70.0) 71.0 (71.0–72.0) 69.0 (63.0–75.0)

PSA at time of biopsy (ng ml−1)

Mean±s.d. 7.18±1.64 13.79±2.82 119.85±248.01 43.00±145.61

Median (IQR) 7.20 (5.80–8.60) 13.30 (11.30–15.90) 41.70 (39.30–44.20) 12.00 (7.50–24.50)

Prostate volume (ml)

Mean±s.d. 51.0±27.2 58.7±33.4 55.5±37.6 54.2±32.7

Median (IQR) 44.2 (32.1–63.0) 49.7 (33.9–77.0) 44.3 (43.5–46.2) 45.0 (32.2–68.0)

PSA density (ng ml−2)

Mean±s.d. 0.18±0.10 0.33±0.83 2.87±7.98 1.03±4.58

Median (IQR) 0.15 (0.11–0.22) 0.27 (0.17–0.41) 1.06 (0.99–1.12) 0.26 (0.14–0.59)

%fPSA

Mean±s.d. 0.16±0.08 0.15±0.07 0.13±0.09 0.15±0.09

Median (IQR) 0.15 (0.11–0.20) 0.14 (0.10–0.19) 0.11 (0.10–0.11) 0.14 (0.09–0.20)

Transrectal ultrasound, n (%)

Positive (+) 244 (13.7) 220 (14.0) 340 (21.5) 902 (17.3)

Negative (−) 1532 (86.3) 1346 (86.0) 1241 (78.5) 4318 (82.7)

PSA: prostate-specific antigen; %fPSA: the ratio of free-to-total PSA; s.d.: standard deviation; IQR: interquartile range

Table 2: Univariate and multivariate analyses of variables at the time of biopsy in predicting the risk of prostate cancer and high-grade prostate 
cancer

Variables PCaa HGPCaa PCab HGPCab

Odds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P

Age at biopsy

Univariate analysis 1.05 (1.04–1.07) <0.0001 1.06 (1.04–1.08) <0.0001 1.05 (1.05–1.06) <0.0001 1.05 (1.04–1.06) <0.0001

Multivariate analysis 1.07 (1.05–1.08) <0.0001 1.07 (1.05–1.09) <0.0001 1.06 (1.05–1.07) <0.0001 1.06 (1.05–1.06) <0.0001

PSAD

Univariate analysis 45.15 (15.70–129.83) <0.0001 25.38 (8.19–78.69) <0.0001 1.15 (1.12–1.19) <0.0001 1.11 (1.09–1.14) <0.0001

Multivariate analysis 52.55 (16.42–168.22) <0.0001 26.05 (7.53–90.07) <0.0001 1.10 (1.07–1.14) <0.0001 1.08 (1.05–1.10) <0.0001

TRUS (nodule), positive 
versus negative

Univariate analysis 1.13 (0.91–1.41) 0.2728 1.02 (0.78–1.33) 0.8907 1.39 (1.25–1.54) <0.0001 1.29 (1.16–1.43) <0.0001

Multivariate analysis 1.06 (0.83–1.35) 0.6303 0.93 (0.70–1.24) 0.6252 1.38 (1.23–1.55) <0.0001 1.28 (1.15–1.43) 0.0002

%fPSA

Univariate analysis 0.07 (0.02–0.30) 0.0003 0.09 (0.02–0.48) 0.0049 0.02 (0.01–0.05) <0.0001 0.02 (0.01–0.04) <0.0001

Multivariate analysis 0.07 (0.01–0.34) 0.0010 0.07 (0.01–0.45) 0.0051 0.02 (0.01–0.03) <0.0001 0.01 (0.01–0.03) <0.0001
aPSA 4 ng ml−1–10 ng ml−1; bthe whole cohort. PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; TRUS: transrectal ultrasound; %fPSA: the ratio of free-to-total 
PSA; PCa: prostate cancer; HGPCa: high-grade prostate cancer; CI: confidence interval

Table 3: The areas under the receiver operating characteristic curve for prostate-specific antigen density and prostate-specific antigen in 
predicting the risk of prostate cancer

Variables PSA 4.0 ng ml−1–10.0 ng ml−1 PSA 10 ng ml−1–20 ng ml−1 PSA above 20 ng ml−1 All PSA

PCa HGPCa PCa HGPCa PCa HGPCa PCa HGPCa

Age 0.620 0.630 0.624 0.606 0.575 0.552 0.626 0.617

PSA 0.526 0.524 0.545 0.556 0.650 0.647 0.700 0.726

PV 0.623 0.625 0.666 0.655 0.580 0.568 0.600 0.588

PSAD 0.627 0.630 0.675 0.668 0.675 0.664 0.744 0.760

TRUS 0.513 0.503 0.528 0.517 0.564 0.543 0.535 0.527

%fPSA 0.563 0.563 0.593 0.600 0.560 0.552 0.612 0.617

PSA: prostate-specific antigen; PV: prostate volume; PSAD: prostate-specific antigen density; TRUS: transrectal ultrasound; PCa: prostate cancer; HGPCa: high-grade prostate cancer; 
%fPSA: the ratio of free-to-total PSA
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PSAD was confirmed as an independent predicator for PCa 
and HGPCa in patients with PSA levels ranging from 4.0 ng ml−1 to 
10.0 ng ml−1 and the whole cohort. In patients with PSA levels ranging 
from 4.0 ng ml−1 to 10.0 ng ml−1, the PSAD cutoff value of 0.10 ng 
ml−2 could detect the majority of clinically significant HGPCa cases 
(sensitivity of 89.9% for HGPCa). The cutoff value of 0.15 ng ml−2 
proposed by previous studies would miss 33.8% of the HGPCa cases 
in our study. Clearly, this cutoff led to too many missed HGPCa cases. 
Compared with 0.15 ng ml−2, the cutoff value of 0.10 ng ml−2 would 
only miss approximately 10% of HGPCa cases; thus, we suggest the 
application of the cutoff value of 0.10 ng ml−2 in the Chinese population.

Many Asian scholars have proposed new cutoff values for PSAD, 
including Saema A in Thailand and Patil SR in India.12,15 The proposed 
PSAD cutoff value varied among studies in Asian populations. A study 
in Chinese patients suggested that a PSAD level of 0.15 ng ml−2 was the 
optimal cutoff for patients with PSA levels ranging from 2.5 ng ml−1 
to 10.0 ng ml−1, and the sensitivity and specificity were 64.4% and 
64.6%, respectively.16 However, this cutoff would miss about 30% of 
PCa patients who may progress to advanced stages if not detected.

A series of studies suggested cutoff values lower than 0.15 ng ml−2, 
which were similar to our findings. Zheng et al.14 suggested the cutoff 
value of 0.134 ng ml−2, with a sensitivity and specificity of 90% and 
33.7%, respectively. Their strategy was similar to ours, which is to obtain 
90% sensitivity. In a study of 2606 patients in the Chinese population, 
Teoh et al.17 suggested that the cutoff value of 0.12 ng ml−2 had a 
sensitivity of 94.5% for PCa. In our study, the cutoff of 0.12 ng ml−2 
could only detect 78.7% of PCa cases and 80.7% of HGPCa cases. 
This did not meet our target of the detection rate of 90%. However, 
there were studies that recommended higher cutoff values. Liu et al.18 
conducted a study on 197 men with PSA levels ranging from 4.0 ng ml−1 
to 10.0 ng ml−1 and identified 0.25 ng ml−2 as the optimal cutoff value 
for PCa and 0.20 ng ml−2 for HGPCa. The sensitivity and specificity 
were 75.4% and 75.8% for PCa and 76.7% and 80.1% for HGPCa, 
respectively. In another study by Arai et al.19 in Japanese patients, the 
higher cutoff value of 0.19 ng ml−2 was proposed with high sensitivity 
(75%) and high specificity (87%). We found that although the cutoff 
values they suggested were higher, the diagnostic efficacy of PSAD was 
still higher than that of the abovementioned studies. PSAD had higher 

diagnostic efficacy in both studies than in our study (sensitivity 61.6% 
and specificity 58.6%) at the statistically optimal cutoff.

We suggest that the differences in selecting cutoff values depend 
on both the diagnostic efficacy of PSAD and the diagnostic strategy. 
In situations with poor diagnostic efficacy of PSAD, the cutoff should 
be lower to obtain a higher sensitivity to reduce the number of missed 
HGPCa cases. However, in situations with robust diagnostic efficacy, 
it is practical to choose a higher cutoff value that could maintain a 
higher detection rate and avoid unnecessary biopsies at the same time.

The lower diagnostic efficacy of PSAD in this study may be due to 
the multicenter study design with PV measured in different hospitals by 
different physicians. However, we consider this study to be consistent 
with the current clinical scenarios, and thus, we suggest that the 
cutoff value in this study, with the largest number of cases, should be 
applied in Chinese and other East Asian populations. Interestingly, 
the latest guidelines of the European Association of Urology (EAU) 
suggested no optimal PSAD cutoff value. However, they stated that 
with the increase in PSAD, the possibility of clinically significant 
PCa increases. This highlights that personalized management should 
always be considered for every patient and decisions should be made 
according to the clinical scenario.

In addition, we paid special attention to patients with Gleason score 
6 (3+3) because of the mild nature of this type of malignancy.20 In our 
study, 432 patients had a Gleason score of 6. When we took the cutoff 
from 0.10 to 0.16 serially, 8.6%, 10.4%, 13.7%, 16.9%, 18.5%, 21.1%, 
and 22.5% of Gleason 6 patients would avoid biopsies, respectively. In 
general, we found that PSAD could not effectively distinguish HGPCa 
from low-grade PCa (LGPCa); thus, we do not recommend this cutoff 
to be effective in reducing the number of LGPCa cases detected.

There are some limitations in this study. First, this is a retrospective 
study; however, the data were prospectively collected. Second, 
multicenter research also has inherent limitations. Biopsies were 
performed by different urologists and were read by different pathologists. 
However, this factor was unlikely to cause large systematic differences 
that could be observed. The multicenter research design had some flaws. 
The patients in this study underwent biopsies from 2010 to 2013, and 
prebiopsy MRI was not routinely suggested in major guidelines. In 
addition, the recording of DRE is not standardized among the centers 

Figure 1: Diagnostic efficacy of PSAD. The comparison of diagnostic efficacy of age, PSA, PASD, TRUS, and %fPSA for PCa in patients (a) with PSA levels 
ranging from 4.0 ng ml−1 to 10.0 ng ml−1, (b) with PSA levels ranging from 10.1 ng ml−1 to 20.0 ng ml−1, (c) with PSA levels above 20.0 ng ml−1, and 
(d) regardless of PSA levels. The comparison of diagnostic efficacy of age, PSA, PASD, TRUS, and %fPSA for HGPCa in patients (e) with PSA levels ranging 
from 4.0 ng ml−1 to 10.0 ng ml−1, (f) with PSA levels ranging from 10.1 ng ml−1 to 20.0 ng ml−1, (g) with PSA levels above 20.0 ng ml−1, (h) regardless 
of PSA levels. PCa: prostate cancer; HGPCa: high-grade prostate cancer; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; TRUS: 
transrectal ultrasound; %fPSA: the ratio of free-to-total PSA.
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for patients with PSA levels over 4.0 ng ml−1; thus, we were unable to 
analyze the DRE results. Finally, this study was not population based, 
and as such, it is possible that our results overestimate the rate of PCa.

CONCLUSION
The diagnostic performance of PSAD was higher than PSA in all 
PSA ranges. In patients with PSA levels ranging from 4.0 ng ml−1 to 
10.0 ng ml−1, PSAD could be an independent predictor of PCa and 
HGPCa. We recommend 0.10 ng ml−2 as the proper cutoff value of 
PSAD, which will obtain a sensitivity of nearly 90% for both PCa and 
HGPCa. The results of this study should be validated in prospective, 
population-based multicenter studies.
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Supplementary Table 1: The difference in detection rates of prostate cancer and high-grade prostate cancer in different parts of China

Region Patients PCa HGPCa Detection rate of PCa (%) Detection rate of HGPCa (%) HGPCa/PCa (%)

North China 1436 624 519 43.5 36.1 83.2

Yangtze River Delta 2799 1018 761 36.4 27.2 74.8

West China 330 112 91 33.9 27.6 81.3

South China 655 260 211 39.7 32.2 81.2

Total 5220 2014 1582 38.6 30.3 78.6

PCa: prostate cancer; HGPCa: high-grade prostate cancer

Supplementary Table 2: The Gleason score of the patients with 
different prostate-specific antigen ranges

PSA ranges GS <7 GS ≥7 (HGPCa) all PCa HGPCa%

Below 4.0 ng ml−1 18 30 48 62.5

4.0–10.0 ng ml−1 155 296 451 65.6

10.0–20.0 ng ml−1 138 391 529 73.9

Above 20.0 ng ml−1 121 865 986 87.7

The whole cohort 432 1582 2014 78.6

PSA: prostate-specific antigen; GS: Gleason score; PCa: prostate cancer; HGPCa: high-grade 
prostate cancer


