Prostate Cancer

Asian Journal of Andrology (2015) 17, 503-507
© 2015 AJA, SIMM & SJTU. All rights reserved 1008-682X

www.asiaandro.com; www.ajandrology.com

Open Access

ORIGINAL ARTICLE

PSA density improves the rate of prostate cancer
detection in Chinese men with a PSA between

2.5-10.0 ng ml* and 10.1-20.0 ng ml!:
a multicenter study

Yu-Rong Lin"**, Xing-Hua Wei"*, Matthew Uhlman’, Xuan-Ting Lin’, Si-Feng Wu', Peng-Fei Diao’,
Hai-Qing Xie', Ke-Ji Xie', Ping Tang'

Chinese men should have a higher prostate-specific antigen (PSA) “gray zone” than the traditional value of 2.5-10.0 ng ml-! since
the incidence of prostate cancer (PCa) in Chinese men is relative low. We hypothesized that PSA density (PSAD) could improve
the rate of PCa detection in Chinese men with a PSA higher than the traditional PSA “gray zone.” A total of 461 men with a PSA
between 2.5 and 20.0 ng ml-!, who had undergone prostatic biopsy at two Chinese centers were included in the analysis. The
men were then further divided into groups with a PSA between 2.5-10.0 ng ml-! and 10.1-20.0 ng ml-!. Receiver operating
characteristic (ROC) curve was used to evaluate the efficacy of PSA and PSAD for the diagnosis of PCa. In men with a PSA of
2.5-10.0 ng ml-! or 10.1-20.0 ng ml-!, the areas under the ROC curve were higher for PSAD than for PSA. This was consistent
across both centers and the cohort overall. When the entire cohort was considered, the optimal PSAD cut-off for predicting PCa
in men with a PSA of 2.5-10.0 ng ml-! was 0.15 ng ml-! ml-!, with a sensitivity of 64.4% and specificity of 64.6%. The optimal
cut-off for PSAD in men with a PSA of 10.1-20.0 ng ml-! was 0.33 ng ml-! ml-}, with a sensitivity of 60.3% and specificity of
82.7%. PSAD can improve the effectiveness for PCa detection in Chinese men with a PSA of 2.5-10.0 ng ml-! (traditional Western
PSA “gray zone”) and 10.1-20.0 ng ml-! (Chinese PSA “gray zone”).

Asian Journal of Andrology (2015) 17, 503-507; doi: 10.4103/1008-682X.142129; published online: 29 November 2014

Keywords: area under the receiver operating characteristic curve; prostate cancer; prostate-specific antigen; prostate-specific
antigen density

INTRODUCTION

Prostate cancer (PCa) is still the most common cancer and second
leading cause of cancer death in Western countries. In the United
States, an estimated 233 000 men will receive a diagnosis of PCa and
almost 30 000 will die from it in 2014.! The incidence of PCa in Asian
countries has been increasing in recent years, but until date it is still
much lower than in Western countries.” Prostate-specific antigen (PSA)
testing has been widely used for more than two decades to detect
early PCa. However, its specificity is low, especially in the PSA “gray
zone” (PSA 2.5-10.0 ng ml™").? Benson et al.*’ first reported that PSA
density (PSAD) could increase the rate of PCa detection and reduce
unnecessary prostatic biopsies for men with a PSA in the “gray zone.”
However, the population used to define the PSA “gray zone” was
originally from Western countries. Therefore, it is reasonable that
the PSA “gray zone” in Asian men may be higher than the traditional
value because the incidence of PCa in Chinese men is much lower
compared with Western men.>® Currently, the Chinese Urological

Association recommends that men with a PSA > 10 ng ml™' undergo
prostate biopsy to detect PCa.” However, men with a PSA of higher than
10 ng ml™, in countries with low PCa incidence (such as China), may
still have a very low probability of harboring PCa.® To investigate the
usefulness of PSAD for detecting PCa in Chinese men, we analyzed two
groups of Chinese men undergoing screening for PCa. The first group
included men with a PSA of 2.5-10.0 ng ml™, in the traditional PSA
“gray zone;” while the second group included men with a PSA above
this range (PSA 10.1-20.0 ng ml™") - a hypothetical Chinese PSA “gray
zone” - using multicenter data. We hypothesized that using PSAD could
improve the efficiency of PCa detection in Chinese men with a PSA
above the traditional “gray zone” (PSA 10.1-20.0 ng ml™") (i.e. Chinese
PSA “gray zone”).

MATERIALS AND METHODS

The Guangzhou First People’s Hospital cohort

After obtaining Institutional Review Board approval, the records of
813 men who had undergone trans-rectal ultrasound (TRUS)-guided
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systematic prostatic biopsy for suspicion of PCa between December
1999 and December 2012 were retrieved from the Guangzhou First
People’s Hospital (Guangzhou FPH) computer center. Of these
men, 713 had documentation of a PSA and prostate volume (PV)
measurements. Only men with more than 10 biopsy cores were
included in this analysis. A total of 331 men with a biopsy (=10 cores)
and a PSA of 2.5-20.0 ng ml™! were included in the study. Within this
cohort, 325 men (98.2%) underwent 13 cores prostate biopsy and
6 (1.8%) underwent 10 to 15 cores biopsies (except for 13 cores). A total
of 87 men (26.3%) were diagnosed with PCa.

The Zhujiang hospital cohort

After obtaining Institutional Review Board approval, the records
of 335 men who had undergone TRUS-guided systematic prostatic
biopsy for the diagnosis of PCa between October 2003 and October
2012 were retrieved from Zhujiang hospital. Of these men, 310 had
a documented PSA and PV measurement. A total of 130 men with a
biopsy (210 cores) and a PSA of 2.5-20.0 ng ml™ were included in
the study. Within this cohort, 106 men (81.5%) underwent 15 cores
prostate biopsy, 13 (10.0%) underwent 10 cores biopsy and 11 (8.5%)
underwent 12 to 14 cores biopsy. A total of 31 (23.8%) men were
diagnosed with PCa.

To evaluate the performance of PSAD in diagnosing PCa, subjects
were divided into PSA 2.5-10.0 ng ml™* (traditional PSA “gray zone”)
and PSA 10.1-20.0 ng ml™ (Chinese PSA “gray zone”) groups. Age,
PSA, PV, and PSAD were included in the analysis. PV was measured
via TRUS before prostate biopsy was performed and calculated using
the ellipsoid volume formula: PV (ml) =0.52 x anterior-posterior
diameter (cm) x transverse diameter (cm) X superior-inferior
diameter (cm). PSAD (ng ml™' ml™') was calculated by dividing
PSA (ng ml™) by PV (ml).

Receiver operating characteristic (ROC) curve was used to evaluate
and compare the efficiency of PSA and PSAD for diagnosing PCa. The
efficacy of diagnosing PCa using different PSA and PSAD cut-offs in
men with PSA 2.5-10.0 ng ml ™, 10.1-20.0 ng ml™', and 2.5-20.0 ng ml™*
were also evaluated. Total efficiency for diagnosing PCa at different
PSA and PSAD cut-offs was calculated using the following formula:
total efficiency = sensitivity x specificity. The cut-oftf on the ROC curve
the demonstrated maximum efficiency was presumed to be optimal
for diagnosing PCa. Mann-Whitney U-test was used to compare
differences in age, PSA, PV and PSAD. Univariate and multivariate

logistic regression were used to determine which variables (PSAD as
a continuous or categorical variable and age as a continuous variable)
were predictive of PCa diagnosis. Statistical analyses were performed
using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). All statistical
tests were two-sided with a P < 0.05 considered as statistically
significant.

RESULTS

For men with a PSA of 2.5-20.0 ng ml™', PCa was diagnosed in
87 (26.3%) of the 331 men in the Guangzhou FPH cohort and
31 (23.8%) of the 130 men in the Zhujiang cohort (P = 0.589). In men
with a PSA of 2.5-20.0 ng ml™}, the differences in PSA, PV and PSAD
for patients with and without PCa in the Guangzhou FPH and Zhujiang
hospital groups were not statistical significant (all P> 0.05). Only age at
time of biopsy for both cohorts was significant different (both P <0.05)
(Table 1). PCa detection rates increased with increasing PSAD in
both cohorts at PSA levels of 2.5-10.0 ng ml ™, 10.1-20.0 ng ml"' and
2.5-20.0 ng ml™ (all P < 0.001) (Table 2).

In men with a PSA of 2.5-10.0 ng ml™, 10.1-20.0 ng ml™, and
2.5-20.0 ng ml™', the areas under the ROC curve (AUCs) for PSAD,
when considered as a continuous variables, for predicting PCa were all
higher than those for PSA for the Guangzhou FPH cohort, Zhujiang
hospital cohort and whole cohort (Table 3, Figures 1 and 2).

When considering all 461 men, 118 (25.6%) were diagnosed PCa.
When broken down by PSA level, 45 (19.9%) of the 226 men with a
PSA of 2.5-10.0 ng ml™" and 73 (31.1%) of the 235 men with a PSA of
10.1-20.0 ng ml™* were diagnosed with PCa, respectively (P = 0.006). For
the whole cohort, the AUCs for PSA and PSAD for predicting PCa in
men with a PSA of 2.5-10.0 ng ml™' were 0.628 and 0.698, respectively.
When the optimal PSA cut-off of 8.2 ng ml™ was determined, an
efficiency of 39.0% found, with corresponding sensitivity and specificity
55.6% and 70.2%, respectively. For the optimal PSAD cut-off of
0.15 ng ml™' ml™, the efficiency was 41.7% with a corresponding
sensitivity and specificity of 64.4% and 64.6%, respectively. The
AUC:s for PSA and PSAD for predicting PCa in men with a PSA of
10.1-20.0 ng ml™" were 0.558 and 0.722, respectively. For men with
a PSA in this range, optimal PSA cut-off of 13.6 ng ml™" was found,
yielding a total efficiency of 30.3% with a corresponding sensitivity
and specificity of 63.0% and 48.1%, respectively. An optimum PSAD
cut-off of 0.33 ng ml™ ml™ was determined, with an efficiency of 49.9%
and a corresponding sensitivity and specificity of 60.3% and 82.7%,

Table 1: Clinical variables for men with and without PCa with a PSA 2.5-20.0 ng ml-'

Characteristics PCa

Non-PCa

Guangzhou FPH  Zhujiang hospital P2

Whole cohort

Guangzhou FPH  Zhujiang hospital P2 Whole cohort

Number of subjects, n (%) 87 (26.3) 31 (23.8) 118 (25.6) 244 (73.7) 99 (76.2) 343 (74.4)
Age (year)
Mean+SD 72.4+7.7 67.6+9.4 0.003 71.1£8.4 69.2+7.9 66.1+8.9 0.001 68.3+8.3
Median (IQR) 73.0 (78.0-68.0) 69.0 (72.0-61.0) 72.0(77.0-66.0) 70.0(75.0-64.3) 66.0 (73.0-60.0) 69.0 (74.0-63.0)
PSA
Mean+SD 12.1+4.1 12.0+4.7 0.946 12.1+4.3 10.5+4.6 10.0+£3.9 0.625 10.3+4.4
Median (IQR) 11.9(14.7-9.1) 12.2 (16.6-8.4) 12.0 (15.1-9.0) 9.9 (14.3-6.7) 9.4 (12.0-7.3) 9.6 (13.5-6.8)
Prostate volume (ml)
Mean+SD 49.4+29.6 46.7+£25.0 0.762 48.7+£28.4 62.1+26.4 65.8+30.0 0.411 63.2+27.5
Median (IQR) 37.0(63.1-29.0) 36.0 (68.6-26.7) 36.9(63.7-28.4) 57.2(77.2-42.0) 59.2 (85.2-44.2) 58.7 (80.2-42.3)
PSAD (ng ml-t mlI-1)
Mean+SD 0.32+0.20 0.35+0.26 0.993 0.33+0.22 0.19+0.11 0.18+0.11 0.248 0.19+0.11
Median (IQR) 0.29 (0.41-0.17) 0.25(0.44-0.13) 0.28 (0.43-0.16) 0.17(0.24-0.11) 0.16(0.21-0.10) 0.16 (0.23-0.11)

SD: standard deviation; Guangzhou FPH: Guangzhou First People’s Hospital; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; IQR: interquartile range;

PCa: prostate cancer. °Mann-Whitney U-test
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respectively. The AUCs for PSA and PSAD for predicting PCa in men
with a PSA 0f2.5-20.0 ng ml ™! were 0.616 and 0.720, respectively. When
an optimal PSA cut-off of 11.2 ng ml™! was chosen, the total efficiency
was 35.7%, with a corresponding sensitivity and specificity of 55.9%
and 63.8%, respectively. For the ideal PSAD cut-off of 0.22 ngml ' ml!,
the total efficiency was 46.8%, with a corresponding sensitivity and
specificity were 64.4% and 72.6%, respectively.

Table 2: Prostate cancer detection rate by PSAD category

PSAD category (ng ml- mi-1)

Study cohort <0.18 0.19-0.35 >0.35 1=
Cancer detection rate  Gunagzhou FPH 11.2 33.3 83.3 <0.001
L;F;fl/i 2((-;’)’10-0 Zhujiang hospital  16.7 20.0 66.7 0.134
Whole cohort 12.9 29.0 77.8 <0.001
Cancer detection rate  Gunagzhou FPH 22.4 21.7 61.4 <0.001
ir:gFr’:l/}l %3-)1'20-0 Zhujiang hospital 5.6 217 611 0.001
Whole cohort 17.9 21.7 61.3 <0.001
Cancer detection rate  Gunagzhou FPH 14.7 25.6 64.0 <0.001
L” Pslf_*l 2;;3_20'0 Zhujiang hospital  13.6 209  61.9 <0.001
gmi (%) Whole cohort 144 244 634 <0.001

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; Guangzhou
FPH: Guangzhou First People’'s Hospital. #Fisher's exact test

Table 3: The AUCs for PSA and PSAD in predicting risk of PCa, stratified
by PSA

Study cohort PSA 2.5-10.0 PSA 10.1-20.0 PSA 2.5-20.0
ng mi-t ng mi-t ng mi-!
PSA PSAD PSA PSAD PSA PSAD
AUCs
Gunagzhou FPH 0.668 0.736 0.508 0.696 0.609 0.720
Zhujiang hospital  0.555 0.632 0.699 0.800 0.623 0.727
Whole cohort 0.628 0.698 0.558 0.722 0.616 0.720

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; Guangzhou
FPH: Guangzhou First People’s Hospital; AUC: area under ROC curve; ROC: receiver
operating characteristic; PCa: prostate cancer
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Figure 1: The areas under the receiver operating characteristic curve for
prostate-specific antigen (PSA) and PSA density as continuous variables in
predicting prostate cancer in men with a PSA of 2.5-10.0 ng ml-1.
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Had a PSA of 11.2 ng ml™ been chosen as the biopsy cut-off, only
55.9% (66/118) of the men with PCa would have been diagnosed,
with a positive biopsy rate of 34.7% (66/190). However, if a PSAD of
0.22 ng ml"' ml™ had been chosen as the biopsy cut-off, 64.4% (76/118)
of the men with PCa would have been diagnosed, with a positive biopsy
rate of 44.7% (76/170), saving at least 20 men from an unnecessary
prostate biopsy (Table 4, Figures 1 and 2).

On univariate analysis, the risk of PCa was associated with PSAD.
On multivariate analysis, PSAD (as either a continuous or categorical
variable) was found to be an independent predictor of PCa. Men with
a PSAD of > 0.35 ng ml™! ml™" were found to be at a increased risk of
having PCa with an odds ratios of 12.133 when compared to those with
a PSAD of £0.18 ng ml™' ml™" (P < 0.001) (Table 5).

DISCUSSION

To our knowledge, the present study is the first to evaluate the
effectiveness of PSAD for diagnosing PCa for men with a PSA in
either the traditional Western PSA “gray zone” (2.5-10.0 ng ml™)
or the Chinese PSA “gray zone” (10.1-20.0 ng ml™') using Chinese
multicenter data. We found that for men both a PSA 0f 2.5-10.0 ng ml™
and 10.1-20.0 ng ml™!, PSAD could improve the specificity of PSA in
the diagnosis of PCa.

For men with a PSA in the traditional Western “gray
zone” (2.5-10.0 ng ml™), it is widely accepted that the PSAD may
improve the diagnostic efficiency of detecting PCa.>*"'* Zheng et al.'®
analyzed a Chinese cohort of 44 patients with PCa and 193 with benign
prostatic hyperplasia, all with a PSA of 4-10 ng ml™. They showed that
the sensitivity and specificity of PSAD at a cut-oft of 0.134 ng mI™' ml™
were 90% and 33.7%, respectively. They concluded that PSAD was
significantly better than percent free/total PSA (f/t PSA) and PSA for
diagnosis PCa in men with a PSA of 4-10 ng ml™".

In the present study, the specificities of PSAD in diagnosing of
PCa were all higher than those of PSA. For instance, when employing
a PSAD threshold of 0.17 ng ml"' ml™', PSAD had a sensitivity of
86.3% and a specificity of 32.1% for detecting PCa. When using a
PSA threshold of 11.4 ng ml™, the same sensitivity was found but
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Figure 2: The areas under the receiver operating characteristic curve for
prostate-specific antigen (PSA) and PSA density as continuous variables for
predicting prostate cancer in men with a PSA of 10.1-20.0 ng ml-1.
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Tahle 4: Sensitivity, specificity, and total efficiency of PSA and PSAD
cut-offs for diagnosis of PCa, stratified by PSA level

PSA Variable  Cut-  Sensitivity ~ Specificity Total AUC-
(ng mil-1) off (%) (%) efficiency (%)  ROC
2.5-20.0 PSA 5.2 94.9 12.2 11.6 0.616
(n=461) 112 559 63.8 35.7
186  11.0 94.8 10.4
PSAD  0.10  94.9 17.2 16.3 0.720
022  64.4 72.6 46.8
041  27.1 94.8 25.7
2.5-10.0 PSA 5.1 93.3 21.5 20.1 0.628
(n=226) 8.2 55.6 70.2 39.0
9.5 20.0 91.2 18.2
PSAD  0.09  93.3 25.4 23.7 0.698
015  64.4 64.6 41.7
0.23 400 91.2 36.5
10.1-20.0 PSA 114  86.3 25.3 21.8 0.558
(n=235) 136 63.0 48.1 30.3
182 205 85.8 17.6
PSAD 0.17  86.3 32.1 27.7 0.722
033 603 82.7 49.9
0.37 466 85.8 40.0

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; AUC: area under
ROC curve; ROC: receiver operating characteristic; PCa: prostate cancer

Table 5: Univariate and multivariate analysis of variables at the time
of prostate biopsy for predicting PCa in Chinese man with a PSA of
2.5-20.0 ng ml-!

PSA (2.5-20.0 ng miI-1)

OR (95% Cl) P

Univariate
PSAD

<0.18 Reference

0.19-0.35 1.917 (1.146-3.205) 0.013

>0.35 10.276 (5.578-18.933) <0.001
Multivariate PSAD as a

continuous variable

Age at diagnosis 1.058 (1.027-1.089) <0.001

PSAD 559.073 (102.750-3041.969) <0.001
PSAD as a categorized variable

Age at diagnosis 1.056 (1.026-1.087) <0.001
PSAD

<0.18 Reference

0.19-0.35 1.990 (1.182-3.352) 0.010

>0.35 12.133 (6.383-23.062) <0.001

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; PCa: prostate
cancer; Cl: confidence interval; OR: odds ratio

the specificity was only 21.8%. For PSA values in between 2.5 and
20.0 ng ml™, 2.5-10.0 ng ml™" and 10.1-20.0 ng ml™', we found the
optimal total efficiencies of PSAD were all higher than those of the
corresponding optimum PSA values (46.8% vs 35.7%, 41.7% vs 39.0%,
and 49.9% vs 30.3%, respectively). Our results demonstrate that the
utilization of PSAD could improve PCa detection rates for men with
a PSA in the traditional PSA “gray zone” (PSA 2.5-10.0 ng ml™") and
agree with previous studies.>>!*"*"> The AUCs in men with a PSA of
2.5-10.0 ng ml™" group for PSAD for predicting PCa was 0.698. It
improved the AUCs of 0.070 for PSA (0.628), which was comparable to
another Chinese study (AUCs are 0.678 and 0.717 for PSA and PSAD).'¢
However, the improvement of AUCs was lower as compared to the
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report in the literature from Western population.'” This discrepancy
further indicates that Chinese men have a special characteristics when
evaluate PCa risk.

A systematic review revealed that Asian men (primarily Japanese
and Korean men) with PSAs of 2.0-10.0 ng ml™ have lower rates of PCa
than men with a similar PSA from Western countries.'® Furthermore,
we recently reported that the PCa rate in Chinese men with a PSA of
4.0-10.0 ng ml™" was 20.5%, much lower than the rates reported for
Western men."® For this reason, it is reasonable that the PSA “gray zone”
in Chinese men is higher than the traditional PSA “gray zone” We then
further evaluated the effectiveness of PSAD in diagnosis PCa for a PSA
of 10.1-20.0 ng mI™". As expected, we found PSAD can improve the
detection rate of PCa for a PSA higher than the traditional PSA “gray
zone” Currently, the Chinese Urological Association recommends
that men with a PSA > 10 ng ml™! undergo a prostate biopsy.” Based
on this recommendation, if a man with a PSA > 10 ng ml™, clinicians
may neglect other variables, such as f/t PSA, PSAD and PSA velocity.
However, we recently reported that Chinese men with a PSA of
10-20 ng ml™" with a large PV may also have a very low probability of
harboring PCa.? Thus, evaluating the effectiveness of PSAD in Chinese
men with a PSA of 10.1-20.0 ng ml™" is particularly pertinent. Our
findings may also be used to improve PCa detection rates in patients
with a PSA of 10-20 ng ml™" in countries with lower incidences of PCa,
reducing unnecessary prostate biopsies.

The present study is limited as it is retrospective in nature. All
the data in our study were obtained from two large, tertiary medical
centers. The strategies used in diagnosing PCa may differ between
centers, despite being in the same geographical area. Furthermore, the
time span over which data was collected was relative long such that
some assays and methods used at the two centers may have changed.
This may induce inherent bias. However, the two Chinese centers from
which data was retrieved did not significantly alter their criteria for
biopsy over that time frame, which could produce a more robust result.
Finally, this study was not population-based and as such it is possible
that our results overestimate the rate of PCa.

CONCLUSION

Prostate-specific antigen was not the ideal predictor of PCa for men with
aPSA 0f2.5-10.0 ng ml™ or 10.1-20.0 ng mI™. Using PSAD may improve
the efficiency of PSA in diagnosing PCa and decrease unnecessary
prostatic biopsies in Chinese men with a PSA of 2.5-20.0 ng ml™.
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