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the Chinese population due to the difference of PCa incidence between 
different ethnic groups. Studies have shown that the PCa rate in 
Chinese men population with PSA ranging from 4.0 to 10.0 ng ml−1 was 
around 20%,10–12 which is comparatively lower than the data reported 
in western population.7,13 Thus, the PSA gray zone in the Chinese men 
population should have a wider range. Regarding the limited data of 
associations between PV, PSA and PCa detection in the Chinese men 
population, we performed this study based on the biopsies of Chinese 
population to evaluate the ability of PV to predict PCa in men within 
different PSA ranges.

MATERIALS AND METHODS
Study population and sample collection
Total of 1486 men who underwent prostate biopsy from January 
2007 to March 2013 at Huashan Hospital, Fudan University, 
Shanghai, China were included as the candidates of the current study. 
Patients were excluded from this study if the total PSA (tPSA) or 
transrectal ultrasound results were missing. As one of the leading 
tertiary health institutes in China, patients from all over the country 
come to Huashan Hospital for medical services. The characteristics 
of tertiary health institutes in China have been described in our 
previous study.12

All the candidates underwent 10-core ultrasound-guided 
transperineal prostate biopsy test based on a fixed template. The 
indications for prostate biopsy at our institute were: (1) tPSA >4.0 ng ml−1; 

INTRODUCTION
Prostate cancer (PCa) is the second most common cancer and one of 
the leading causes of death among the men population worldwide.1 
The incidence of PCa in China is relatively low compared to developed 
countries; however, it has been progressively rising over the past 
decades.2

Prostate-specific antigen (PSA) is the most widely used biomarker 
for PCa screening and prostate biopsy decision making. Over the past 
decades, PSA elevation has become the most common indication for 
prostate biopsy.

Several factors may cause the level of PSA to rise, e.g., enlargement 
of prostate volume (PV), inflammation of the prostate, extra secretion 
from tumor cells, and so on. Thus, a slight increase of PSA does 
not definitely indicate PCa. Several PSA derivatives, such as the 
ratio of free to total PSA  (% fPSA), PSA density  (PSAD) and PSA 
velocity (PSAV) were introduced to increase the accuracy for predicting 
PCa in different populations.3–6 As an independent risk factor, PV has 
been one of the strongest predictors of PCa detection in transrectal 
ultrasound (TRUS)-guided prostate biopsy.6–9 However, most studies 
were focused on the western populations within the PSA gray zone, 
which ranged from 2.0 to 10.0 ng ml−1, except for one study that was 
based on a relatively small Chinese population with PSA values which 
ranged from 10.0 to 50.0 ng ml−1.9 The PSA gray zone was initially 
determined in western populations, so it may not be appropriate for 
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(2) tPSA  <4.0  ng ml−1, with suspicious fPSA/tPSA  <0.16 or PSA 
density (PSAD = tPSA/PV, PV (ml) = height (cm) × length (cm) × 
width  (cm) ×0.52) >0.15;  (3) positive findings from digital rectal 
exam (DRE), with any level of tPSA; (4) positive findings from imaging 
techniques such as transrectal ultrasound  (TRUS) and magnetic 
resonance imaging (MRI), with any level of tPSA. All specimens were 
diagnosed by the Pathology Department of Huashan Hospital. Blood 
samples were collected prior to biopsy examination and were measured 
by the Department of Clinical Laboratory for tPSA and fPSA. Results of 
DRE, TRUS (having nodule or not) and other clinical information were 
collected. Written informed consent was obtained from the patients 
for their participation in the study. This study was approved by the 
Institutional Review Board of Huashan Hospital, Fudan University, 
Shanghai, China.

Statistical analysis
The study population was divided into two groups according to tPSA 
range  (4  ng ml−1  <  tPSA  ≤20  ng ml−1 and tPSA  >20  ng ml−1). The 
Chi-square trend test was used to evaluate the trend of positive rates 
in different groups. The men in the 4 ng ml−1 <tPSA ≤20 ng ml−1 group 
were stratified by median PV (<50 ml and ≥50 ml). Logistic regressions 
of univariate and multivariate were used to evaluate the prediction 
ability of each variable (age, PSA, DRE and TRUS results) for predicting 
PCa in different groups. The positive rates of PCa among men in the 
4 ng ml−1 < tPSA ≤20 ng ml−1 group with different tPSA ranges, DRE 
statuses and TRUS statuses stratified by PV quartiles were calculated. 
A two-sided testing with the Pvalue of 0.05 was used in the current 
study. Statistical analyses were performed using SPSS 19.0 (Statistical 
Product and Service Solutions, IBM Corporation, Armonk, NY, USA).

RESULTS
Within this cohort, 1445 men with tPSA measuring >4 ng ml−1 and 
having complete PV data were included in the study.

The positive rates of the prostate biopsies among men with different 
tPSA ranges stratified by PV are shown in Figure 1 and Figure 2. Of 
the 853 men in the 4 ng ml−1 < tPSA ≤20 ng ml−1 group, the positive 
rate of PCa decreased remarkably from 66.7% to 9.0% with the increase 
of PV (Ptrend = 1.82 × 10 −26) (Figure 1). Of the 592 men in the tPSA 
>20 ng ml−1 group, the positive rate of PCa decreased from 90.9% to 

55.2% with increasing PV (Ptrend = 2.70 × 10 −7) (Figure 2). Although 
the positive biopsy rates decreased in both tPSA range groups, the 
rate decreased to less than 10% in the 4 ng ml−1 < tPSA ≤20 ng ml−1 
group with PV larger than 60 ml whereas the rate remained relatively 
high  (55.2%) with PV larger than 70  ml in the tPSA  >20  ng ml−1 
group. Data from our cohort also showed that the positive biopsy rate 
of the patients with 20 ng ml−1 < tPSA ≤50 ng ml−1 was 56.6% (data 
not shown), which was much higher than that of patients with 
4 ng ml−1 < tPSA ≤20 ng ml−1 group (24.2%). Therefore, patients with 
tPSA  >20  ng ml−1, should definitely undergo a prostate biopsy test 
due to higher positive biopsy rates found. Thus our following analysis 
mainly focused on 853 men in the 4 ng ml−1 < tPSA ≤20 ng ml−1 group.

The demographic characteristics of the study population with 
4 ng ml−1 <  tPSA ≤20 ng ml−1 group are shown in Table 1. Of the 
853 patients, 206 (24.2%) were diagnosed with PCa. The mean age of 
the study group was 70.5 years and the mean tPSA was 11.3 ng ml−1. 
The mean and median PVs of the cohort were 53.9 ml and 50.0 ml, 
respectively. The mean age and tPSA were statistically higher in men 
diagnosed with PCa compared with the men without PCa (P < 0.001) 
whereas no significant difference of these two variables was observed 
between different PV groups (P > 0.05). The mean PV in the non-PCa 
group compared with the PCa group was remarkably higher. The 
positive rates of DRE and TRUS were statistically higher in the PCa 
group and PV  <  50  ml group than the non-PCa and PV  ≥50  ml 
group (P < 0.05).

We first stratified the patients by PV quartiles into four groups, 
and then performed univariate analysis to test the association between 
PCa and each variable (age, tPSA, DRE, TRUS) (Table 2). Age and 
DRE were found to be associated with PCa in four groups (P < 0.05). 
PSA was associated with PCa when PV was less than 67 ml (P < 0.05); 
however, when PV exceeded 67  ml, the increase of tPSA may not 
be substantiate enough in detecting the risk of PCa in this specified 
tPSA range  (P  >  0.05). Further, the multivariate logistic regression 
analysis was performed to test the association between PCa and each 
variable (age, tPSA, DRE, TRUS) (Table 2). Only DRE was found to 
be associated with PCa in the four groups (P < 0.05). Age was found to 
be associated with PCa in the PV <35 ml group (P < 0.05). When PV 
exceeded 50 ml, tPSA did not show a good predictive ability (P > 0.05).

Figure 1: The positive rate of prostate cancer among men (n = 853) with 
tPSA from 4 to 20 ng ml−1. The proportion of prostate cancer decreases with 
increasing prostate volume (P‑trend = 1.82 × 10−26). PCa: prostate cancer; 
PV: prostate volume.

Figure 2: The positive rate of prostate cancer among men (n = 592) with tPSA 
>20 ng ml−1 stratified by prostate volume. The proportion of prostate cancer 
slightly decreases with increasing prostate volume (P‑trend = 2.70 × 10−7). 
PCa: prostate cancer; PV: prostate volume.
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The positive rates of PCa among men with different PSA ranges, 
DRE and TRUS nodule statuses stratified by PV quartiles are shown in 
Table 3. The rates of PCa in men with PV <35 ml, 35 ml ≤ PV <50 ml, 
50 ml ≤ PV <67 ml and PV ≥ 67 ml in the 4 ng ml−1 <tPSA ≤10 ng ml−1 
groups were 34.8%, 17.3%, 7.4% and 5.3%, respectively, whereas 
the rates of PCa in men with PV  <35  ml, 35  ml  ≤PV  <50  ml, 
50 ml ≤PV <67 ml and PV ≥67 ml in the 10 ng ml−1 < tPSA ≤20 ng ml−1 
groups were 59.8%, 37.6%, 18.5% and 9.6%, respectively. The above 
mentioned results suggest that with increasing PV, the cancer detection 
risk decreased in both the entire population and the stratified 
population that underwent 10-core TRUS-guided biopsy. Such a trend 
could also be observed in men with different DRE and TRUS nodule 
statuses (all P for trends were <0.001).

DISCUSSION
To our knowledge, this study was the first comprehensive study to 
examine the association between PV, PSA and PCa detection risk based 
on a relatively large Chinese prostate biopsy cohort. We found that the 
risk of detecting PCa decreased with increasing PV in TRUS-guided 
prostate biopsy.

The goal of PCa screening is to identify curable disease while 
minimizing unnecessary biopsies. It was generally assumed that the 
detection risk of PCa by the biopsy test was linearly associated with 
elevated levels of PSA. In western and Chinese populations, due to 
the relatively low detection rate of cancer in men with low levels of 
PSA, the need to improve PCa detection strategies remains.8,10,11 In 
this study, we found that the PCa detection rate was 24.2% in men 
with 4 ng ml−1 < tPSA ≤20 ng ml−1 and higher than 55.2% in men with 
tPSA >20 ng ml−1. Although the positive rates showed significant trends, 
the positive rate of biopsy was high enough to undertake prostate biopsy 
for men with tPSA >20 ng ml−1. The positive rate of PCa in men with 

tPSA levels of 4 to 20 ng ml−1 was comparable with the PCa detection 
rate in western populations with 2 ng ml−1 <  tPSA ≤ 10 ng ml−1,8,14 
and was similar to a recent report from Guangdong Province, China 
and a report from Beijing, China.11,15 Data from the current study 
also showed that the positive biopsy rate of patients with the level 
of 20  ng ml−1  <  tPSA  ≤50  ng ml−1 was 56.6%  (data not shown), 
which was much higher than that (24.2%) of patients with the level 
of 4 ng ml−1 < tPSA ≤20 ng ml−1. Thus we focused on patients with 
the level of 4  ng ml−1  <  tPSA  ≤20  ng ml−1 rather than the level of 
10 ng ml−1 ≤  tPSA ≤50 ng ml−1 mentioned in another study in the 
Chinese population.9 Consequently, our conclusions drawn from this 
study can be applied for counseling patients with the level of 4 ng ml−1 
< tPSA ≤20 ng ml−1 regarding PCa risk in the Chinese population.

The reason why less PV indicates a higher risk of detecting PCa in 
biopsy remains a discussion. Chen et al.16 examined 180 prostatectomy 
specimens and found small-volume cancers (0.5 ml or less) were twice 
as frequent in prostates larger than 50 ml. These small-volume tumors 
comprised 33% of cancers in prostates larger than 50  ml, 16% in 
prostates less than 30 ml, and 14% in prostates 30 to 50 ml. Thus, they 
reached the conclusion that the observed lower cancer detection rate in 
large prostates was due to the higher proportion of low volume cancers 
in these prostates. Patients with a large prostate are more likely to be 
biopsied because of benign prostatic hyperplasia (BPH) which causes 
PSA elevation rather than clinically significant PCa. Furthermore, due 
to the small volume of tumors in large prostates, the increasing number 
of cores may lead to a disproportionately increased detection rate of PCa 
in these prostates. Another study including histological examination of 
875 radical prostatectomy specimens concluded that BPH is a strong 
contender that contributes to PSA elevation in patients with PSA 
below 9 ng ml−1.5 These results were consistent with our data that men 
with larger PV had a lower rate of detection of PCa in the 4 ng ml−1 

Table 1: Characteristics of the study cohort with 4 ng ml−1 <tPSA≤20 ng ml−1

Variables Overall PCa non-PCa P value PV<50 ml PV≥50 ml P value

Number of patients 853 206 647 420 433

Age at the time of biopsy (year)

Mean (s.d.) 70.5 (8.6) 73.4 (8.0) 69.6 (8.5) 1.95×10−8c 70 (9.3) 71 (7.7) 0.11c

tPSA at the time of biopsy (ng ml−1)

Mean (s.d.) 11.3 (4) 12.7 (4.0) 10.8 (3.9) 7.50×10−9c 11.1 (4.2) 11.4 (3.8) 0.30c

Prostate volume (ml)

Mean (s.d.) 53.9 (24.4) 40.9 (20.9) 58.0 (23.9) 8.49×10−21c 35.2 (8.7) 72.0 (20.7) 7.56×10−141c

Median (IQR) 50.0 (35.0–67.0) 35.1 (27.0–48.1) 54.7 (41.0‑71.0) 35.0 (29.0‑43.0) 66.0 (57.0‑81.0)

DREa, n (%)

Positive 135 (15.8) 83 (40.3) 52 (8.0) 2.67×10−29d 88 (22.8) 47 (11.5) 2.20×10−5d

Missing 58 (6.8) 16 (7.8) 42 (6.5) 34 (8.1) 24 (5.5)

TRUS (Nodule)b, n (%)

Positive 377 (44.2) 134 (65.0) 243 (39.1) 8.16×10−13d 202 (50.4) 175 (42.1) 1.70×10−2d

Missing 36 (4.2) 10 (4.9) 26 (4.0) 19 (4.5) 17 (3.9)

Biopsy results, n (%)

Positive 206 (24.2) / / 158 (37.6) 48 (11.1) 1.40×10−19d

Negative 647 (75.8) / / 262 (62.4) 385 (88.9)

Gleason score, n (%)

Gleason≤6 78 (37.9) 78 (37.9) / 62 (39.2) 16 (33.3) 0.26d

Gleason=7 73 (35.4) 73 (35.4) / 58 (36.7) 15 (31.3)

Gleason≥8 54 (26.2) 54 (26.2) / 37 (23.4) 17 (35.4)

Missing 1 (0.5) 1 (0.5) / 1 (0.6) /

DRE: digital rectal examination; IQR: inter‑quartile range; PCa: prostate cancer; PV: prostate volume; s.d.: standard deviation; tPSA: total prostate‑specific antigen; TRUS: transrectal 
ultrasound. aProstate hardness or nodule detected by DRE was defined as ‘positive’, and other findings were defined as ‘negative’. bNodule detected by transrectal ultrasound was 
defined as ‘positive’, and other findings were defined as ‘negative’. cThe P values were calculated by using t test to see whether there is any significant difference between the means 
of two groups. dThe P values were calculated by using chi‑square test to test whether there is any significant difference between the different groups
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<tPSA ≤20 ng ml−1 cohort. However, reports from Duke University 
held some different opinions; one of their studies showed that taking 
more biopsy cores improves the diagnostic performance for identifying 
unilateral PCa.17 In another study, including the retrospective analysis 
of 859 patients undergoing radical prostatectomy, they found that men 
with a prostate >40 g (the author used gram in the original study and 
they assume 1 g = 1 ml) have higher tumor volumes and are more likely 
to have unilateral PCa than those with a smaller prostate. In addition, 
in prostates of more than 40 g, increasing the number of biopsy cores 
increased the diagnostic performance for detecting cancer laterality 
which could help to select patients for focal therapy.18 Further, some 
researchers consider that the inadequate sampling in TRUS-guided 
sextant biopsy in men with larger prostates would explain the decreased 
PCa detection rate in large prostates, and hence more extensive biopsy 
should be chosen for the patients with large prostates so that the bias 
could be reduced.19,20 A study comparing the sextant and extended 
11-core multisite biopsies found that a 33% increase of cancer detection 
was observed in extended biopsy. This suggested that the 11-core 
multisite directed biopsy enhanced cancer detection compared to 
conventional sextant biopsy.21 These studies suggest that increasing 

biopsy cores would give a better performance in patients with large 
prostates. Recently, a systematic review and meta-analysis reached the 
conclusion that a saturation prostate biopsy scheme would detect about 
an extra 5% PCa than an extended scheme for men with lower PSA levels 
and higher PV.22 Thus, we believe that both BPH and under sampling 
contribute to the observed result in our study that the increasing PV is 
associated with decreased PCa detection rate.

In our study, in the 4  ng ml−1  <  tPSA  ≤20  ng ml−1cohort of 
853 patients, we found significant differences in age, tPSA, PV, DRE 
and TRUS results between PCa and non-PCa groups. In terms of PV, 
the non-PCa group showed a much higher mean level than the PCa 
group. There were no statistical differences in age and tPSA between 
the PV < 50 ml and PV ≥50 ml groups, although there were statistical 
differences in DRE and TRUS results in the two PV groups. The 
similarity in age and tPSA between the two PV groups could lead to 
the equal chance of performing biopsy in patients with different PVs 
who had different risk of detecting PCa. Since all patients underwent 
extended biopsy with 10 cores in our institution, this procedure 
should have reduced the bias caused by under sampling to a certain 
extent. However, in our study the 10-core biopsy was indeed a relative 

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

Variables PV<35 ml 35 ml≤PV<50 ml 50 ml≤PV<67 ml PV≥67 ml

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

Age at biopsy (year)

Univariate analysis 1.09 (1.05–1.12) 3.56×10−6 1.05 (1.01–1.09) 0.01 1.09 (1.03–1.15) 2.00×10−3 1.08 (1.01–1.16) 0.039

Multivariate analysis 1.07 (1.02–1.11) 2.00×10−3 1.03 (0.99–1.08) 0.14 1.05 (0.97–1.13) 0.12 1.08 (1.00–1.18) 0.058

Log (tPSA)

Univariate analysis 45.84 (7.70–273.02) 2.65×10−5 51.06 (7.11–366.58) 9.21×10−5 46.74 (2.60–841.26) 9.00×10−3 20.48 (0.50–846.17) 0.11

Multivariate analysis 43.75 (5.45–351.34) 3.78×10−4 98.70 (9.01–1072.10) 1.61×10−4 37.16 (0.85–1623.77) 0.061 3.10 (0.07–136.92) 0.56

DREa

Positive vs Negative

Univariate analysis 5.33 (2.43–11.67) 2.96×10−5 6.45 (3.14–13.25) 3.81×10−7 19.31 (7.30–51.15) 2.52×10−9 8.50 (2.80–25.77) 1.55×10−4

Multivariate analysis 5.00 (1.89–13.27) 1.00×10−3 3.95 (1.68–9.25) 2.00×10−3 8.15 (2.63–25.19) 2.71×10−4 8.50 (1.91–37.83) 5.00×10−3

TRUS (Nodule)b

Positive vs Negative

Univariate analysis 1.65 (0.94–2.91) 0.08 5.38 (2.72–10.64) 1.30×10−6 7.71 (2.80–21.23) 7.70×10−5 2.66 (0.99–7.08) 0.051

Multivariate analysis 1.05 (0.50–2.22) 0.90 4.89 (2.11–11.30) 2.08×10−4 4.72 (1.34–16.63) 0.016 0.95 (0.26–3.54) 0.94

tPSA: total prostate‑specific antigen; DRE: digital rectal examination; TRUS: transrectal ultrasound; CI: confidence interval. aProstate hardness or nodule detected by DRE was defined 
as ‘positive’, and other findings were defined as ‘negative’. bNodule detected by transrectal ultrasound was defined as ‘positive’, and other findings were defined as ‘negative’

Table 3: Positive rates of biopsy among men with different PSA ranges, DRE and TRUS Nodule statuses, stratified by PV quartiles

Stratified 
characters

Positive rates of biopsy in subgroups (%) P-trendc

PV<35 ml 35 ml ≤PV<50 ml 50 ml ≤PV<67 ml PV≥67 ml

tPSA (ng ml−1)

4–10 34.8 (32/92) 17.3 (18/104) 7.4 (7/95) 5.3 (3/57) 9.16×10−8

10.01–20 59.8 (64/107) 37.6 (44/117) 18.5 (23/124) 9.6 (15/157) 1.35×10−11

Total 48.2 (96/199) 28.1 (62/221) 13.7 (30/219) 8.4 (18/214) 1.34×10−23

DREa

Negative 39.0 (53/136) 19.8 (32/162) 6.6 (12/182) 5.6 (10/180) 5.11×10−17

Positive 77.3 (34/44) 61.4 (27/44) 57.7 (15/26) 33.3 (7/21) 1.00×10−3

Total 48.3 (87/180) 28.6 (59/206) 13.0 (27/208) 8.5 (17/201) 2.00×10−22

TRUS (Nodule)b

Negative 41.1 (37/90) 12.8 (14/109) 4.2 (5/119) 4.9 (6/122) 2.72×10−13

Positive 55.1 (54/98) 44.2 (46/104) 25.3 (23/91) 13.1 (11/84) 9.87×10−11

Total 48.4 (91/188) 28.2 (60/213) 13.3 (28/210) 8.3 (17/206) 4.41×10−23

DRE: digital rectal examination; tPSA: total prostate‑specific antigen; PV: prostate volume. aBecause 58 (6.8%) subjects were missing DRE data, 795 subjects were included in the 
analysis. Prostate hardness or nodule detected by DRE was defined as ‘positive’, and other findings were defined as ‘negative’. bBecause 36 (4.2%) subjects were missing TRUS data, 
817 subjects were included in the analysis. Nodule detected by transrectal ultrasound was defined as ‘positive’, and other findings were defined as ‘negative’. cThe P values were 
calculated by using chi‑square test for trend to test whether the rate of prostate cancer decreases with increasing prostate volume
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limitation, as we could not evaluate the extent of the biopsy scheme to 
influence the biopsy results in this study.

Meanwhile, we performed univariate and multivariate analyses 
including four variables (age, PSA, DRE, TRUS) in four PV groups. 
We found that when the PV exceeded 50 ml, tPSA did not show a good 
predictive ability for PCa in the tPSA range from 4 to 20 ng ml−1. This 
indicates we may not rely on tPSA levels for biopsy decision when a 
patient has a prostate larger than 50 ml whose tPSA ranges from 4 to 
20 ng ml–1. Furthermore, we examined that the PCa detection risk 
among men with different PSA ranges, DRE and TRUS nodule statuses 
in different PV groups. This provided a clear overall view that a man 
with larger PV had a lower rate of PCa detection in biopsy irrespective 
of the PSA range or were the statuses of DRE and TRUS existed. Overall, 
due to the relatively low positive biopsy rate, we consider our analysis of 
PV in Chinese patients with 4 ng ml−1 < tPSA ≤20 ng ml−1 cohort was 
of clinical value that would help to reduce some unnecessary biopsies.

Another limitation of this study is that it is a retrospective study and 
the data were obtained from a single health institute. Nevertheless, as 
patients from all over the country come to our department for medical 
services, the population in our study could still be representative of 
the entire Chinese population.

CONCLUSIONS
Our study indicates that in the tPSA range from 4 to 20 ng ml−1, the 
use of the PV ranges of 0–35 ml, 35–50 ml and >50 ml might be taken 
into consideration for prostate biopsy decision-making in the Chinese 
population in the clinical practice.
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