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The performance characteristics of prostate-specific
antigen and prostate-specific antigen density in
Chinese men

Jeremy YC Teoh, Steffi KK Yuen, James HL Tsu, Charles KW Wong, Brian SH Ho, Ada TL Ng, Wai-Kit Ma,
Kwan-Lun Ho, Ming-Kwong Yiu

We investigated the performance characteristics of prostate-specific antigen (PSA) and PSA density (PSAD) in Chinese men. All
Chinese men who underwent transrectal ultrasound-guided prostate biopsy (TRUS-PB) from year 2000 to 2013 were included.
The receiver operating characteristic (ROC) curves for both PSA and PSAD were analyzed. The sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) at different cut-off levels were calculated. A total of 2606 Chinese
men were included. For the ROC, the area under curve was 0.770 for PSA (P < 0.001) and 0.823 for PSAD (P < 0.001). PSA of
4.5 ng ml-! had sensitivity of 94.4%, specificity of 14.1%, PPV of 29.5%, and NPV of 86.9%; PSAD of 0.12 ng ml-! cc! had
sensitivity of 94.5%, specificity of 26.6%, PPV of 32.8%, and NPV of 92.7%. On multivariate logistic regression analyses, PSA
cut-off at 4.5 ng ml-! (OR 1.61, 95% CI 1.05-2.45, P = 0.029) and PSAD cut-off at 0.12 ng ml-! cc-! (OR 6.22, 95% CI
4.20-9.22, P < 0.001) were significant predictors for prostate cancer detection on TRUS-PB. In conclusion, the performances
of PSA and PSAD at different cut-off levels in Chinese men were very different from those in Caucasians. PSA of 4.5 ng ml-! and
PSAD of 0.12 ng ml-! cc! had near 95% sensitivity and were significant predictors of prostate cancer detection in Chinese men.
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INTRODUCTION

Prostate cancer is the most common type of neoplasm in Europe' and
the second most common cause of cancer death in men.” The use of
prostate-specific antigen (PSA) and PSA density (PSAD) has gained
a lot of interest in early prostate cancer diagnosis over the past two
decades.’” In our locality, a PSA cut-off value of 4.0 ng ml™! and a
PSAD cut-off value of 0.15 ng ml™ cc™! are often used to determine
which patient to consider transrectal ultrasound-guided prostate
biopsy (TRUS-PB). However, the previous reports were largely based
on Caucasians, and whether these results are applicable to Chinese
men remained largely unknown. Serum PSA levels differ between
different races,*’ and such difference was also observed even among the
different ethnicities within Asia.!” There is a need for Chinese-specific
data to streamline the utility of PSA and PSAD in Chinese men for
considering TRUS-PB. We conducted this study to investigate the
performances of PSA and PSAD at different cut-off levels in Chinese
men by analyzing Chinese-specific data retrieved from our TRUS-PB
database. We further discussed the differences in the performances of
PSA and PSAD between Chinese and Caucasians.

METHODS
Data from all Chinese men who underwent TRUS-PB from year 2000
to 2013 was retrieved from our database. Baseline characteristics

including age, digital rectal examination (DRE) finding, prostate
volume, the number of cores taken during biopsy, PSA level, overall
cancer detection rate, and the Gleason score pattern were reviewed.
Prostate volume was estimated by transrectal ultrasound using a prolate
ellipsoid volume calculation of height times width times length times
0.52. PSAD was calculated by dividing serum PSA concentration by
the prostate volume.

We aimed to investigate the performances of PSA and PSAD for
prostate cancer detection on TRUS-PB in the Chinese population.
Receiver operating characteristic (ROC) curves of PSA and PSAD for
prostate cancer detection on TRUS-PB were analyzed. The area under
curves (AUCs) for both PSA and PSAD were calculated. Statistical
significance was determined by a P value of < 0.05. The sensitivity,
specificity, positive predictive value (PPV) and negative predictive
value (NPV) at different PSA cut-oftlevels (2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5, 5.5,
6.0, 6.5, and 7.0 ng ml™") and PSAD cut-off levels (0.10, 0.11, 0.12, 0.13,
0.14, 0.15, 0.16, 0.17, 0.18, 0.19, and 0.20 ng ml™" cc™!) were calculated.
The PSA and PSAD cut-off levels with 80%, 90% and 95% sensitivity
were determined. Further logistic regression analyses for prostate cancer
detection on TRUS-PB were performed to determine the significance
of the PSA and PSAD cut-oft levels at 95% sensitivity. In model 1, only
PSA was included; in model 2, PSA and PSAD were included; in model
3, PSA, PSAD and presence of abnormal DRE were included; and in
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model 4, PSA, PSAD, presence of abnormal DRE and age were included
in thelogistic regression analyses. All statistical analyses were performed
using SPSS version 20.0 (IBM Corp., Armonk, NY).

RESULTS

Data from a total of 2606 Chinese men who underwent TRUS-PB
from year 2000 to 2013 was retrieved. The mean age of the cohort was
68.4 + 8.0 years. Among the patients who underwent TRUS-PB, 23.9%
of them (623 patients) had abnormal digital rectal examination finding.
The mean estimated prostate volume upon transrectal ultrasound was
44.8 + 23.7 ml. The mean number of cores taken during biopsy was
10.1 + 1.6. The mean PSA level was 71.0 + 462.1 ng ml™. The mean
PSAD was 2.12 + 15.3 ng ml™" cc". The overall cancer detection rate
was 27.6%. For patients with confirmed prostate cancer, 37.7% of them
had Gleason score of 2-6, 21.2% had Gleason score of 7 and 41.1% had
Gleason score of 8-10 (Table 1).

The ROC curves of PSA and PSAD for prostate cancer detection
were analyzed (Figure 1). The AUC was 0.770 for PSA (P < 0.001)
and 0.823 for PSAD (P < 0.001). For the different PSA cut-off
levels (Table 2), a PSA level of 4.5 ng ml™ had a sensitivity of 94.4%,
specificity of 14.1%, PPV of 29.5% and NPV of 86.9%; a PSA level of

Table 1: Baseline characteristics of the cohort

Value Percentage
Total number of patients 2606
Mean age (years) 68.4+8.0
DRE
Normal 1983 76.1
Abnormal 623 23.9
Mean estimated prostate volume on TRUS (ml) 44.8+23.7
Mean number of cores taken 10.1+1.6
Mean PSA level (ng ml-?) 71.0+462.1
Mean PSA density (ng mI-! cc!) 2.12£15.3
Overall cancer detection rate 27.6
Gleason score
2-6 37.7
7 21.2
8-10 41.1

PSA: prostate-specific antigen; TRUS: transrectal ultrasound; DRE: digital rectal examination
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Figure 1: Receiver operating characteristic curves of PSA and PSAD for prostate
cancer detection. PSA: prostate-specific antigen; PSAD: prostate-specific
antigen density.
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5.5 ng ml™" had a sensitivity of 89.3%, specificity of 31.6%, PPV of
33.2%, and NPV of 88.6%; a PSA level of 7.0 ng ml™! had a sensitivity
of 79.4%, specificity of 50.7%, PPV of 38.0%, and NPV of 86.6%. For
the different PSAD cut-off levels (Table 3),a PSAD of 0.12 ng ml™* cc™
had a sensitivity of 94.5%, specificity of 26.6%, PPV of 32.8%, and
NPV 0f 92.7%; a PSAD of 0.15 ng ml™* cc™! had a sensitivity of 89.7%,
specificity of 41.7%, PPV of 36.9%, and NPV of 91.4%; a PSAD of
0.20 ng ml™* cc™* had a sensitivity of 80.2%, specificity of 63.5%, PPV
of 45.4%, and NPV of 89.5%.

Further logistic regression analyses for prostate cancer detection on
TRUS-PB were performed to determine the significance of PSA cut-oft
at4.5ngml™" and PSAD cut-offat 0.12 ng ml™* cc™! (Table 4). In model 1,
PSA was a significant predictor of prostate cancer detection (OR 2.78,
95% CI 1.97-3.92, P < 0.001). In model 2, PSAD was a significant
predictor of prostate cancer detection (OR 5.48, 95% CI 3.85-7.80,
P < 0.001), while PSA also appeared to increase the risk of prostate
detection (OR 1.45,95% CI10.99-2.12, P=0.056). In model 3, PSA (OR
1.92,95% CI 1.26-2.91, P =0.002), PSAD (OR 6.08, 95% CI 4.13-8.96,
P <0.001) and presence of abnormal DRE (OR 7.07, 95% CI 5.71-8.76,
P < 0.001) were significant predictors of prostate cancer detection. In
model 4, PSA (OR 1.61,95% CI 1.05-2.45, P =0.029), PSAD (OR 6.22,
95% CI4.20-9.22, P < 0.001), presence of abnormal DRE (OR 5.78,95%
CI4.63-7.21,P<0.001) and age (OR 1.07, 95% CI 1.05-1.08, P = 0.002)
were significant predictors of prostate cancer detection.

DISCUSSION

The investigation on tissue-specific antibodies in the human prostate
first started in 1969 by Ablin et al."! Nadji et al. later characterized
PSA as a potential marker for prostatic neoplasms.'? The discovery of
PSA has led revolutionary changes in early prostate cancer diagnosis.
Catalona et al. conducted a number of important studies on the utility
of PSA and PSAD for early prostate cancer detection,>'* and the use
of PSA and PSAD has become widely accepted. However, the previous
reports were largely based on Caucasians. Whether the results can be
applied to Asians remained as an area of controversy. Our TRUS-PB
database contained data of all patients who underwent TRUS-PB
for suspected prostate cancer in our center from year 2000 onwards.
While the decision on TRUS-PB was often made in an individualized
approach, the common indications of TRUS-PB in our database
were PSA level of >4.0 ng ml™ and any presence of abnormal DRE
finding. We conducted this study to provide Chinese-specific data for
investigating the performances of PSA and PSAD in Chinese men.

A total of 2606 Chinese patients were included in our study. PSA
and PSAD had good performances in prostate cancer detection with
an AUC of 0.770 for PSA (P < 0.001) and 0.823 for PSAD (P < 0.001).
Concerning the different PSA cut-off levels, a PSA level of 4.5 ng ml™*
had a sensitivity of 94.4%, specificity of 14.1%, PPV of 29.5% and NPV
of 86.9%, and a PSA level of 5.5 ng ml™ had a sensitivity of 89.3%,
specificity of 31.6%, PPV of 33.2% and NPV of 88.6%. In the study
by Catalona et al.,” a PSA cut-off value of 4.0 ng ml™ had a sensitivity
of 78.6% and specificity of 45.8%. With a sensitivity of around 80%,
this corresponds to a PSA cut-off value of 7.0 ng ml™ in our study on
Chinese men with a sensitivity of 79.4% and specificity of 50.7%. In
the study by Sun et al.'* at a PSA level of 4.0 ng ml™, the sensitivity
was 61.3%-71.3% compared to 97.6% in our study, while the specificity
was 85.2%-97.7% compared to 7.3% in our study. The optimal PSA
level for considering TRUS-PB in the Chinese population appeared
to be very different from that in the Caucasians. The reason why
there was such a major difference could not be simply explained by a
lower prostate cancer incidence in Chinese men. As the results were
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Table 2: Sensitivity, specificity, PPV, and NPV at different PSA cut-off levels

Sensitivity %

Specificity %

PPV %

NPV %

PSA (ng ml-)
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

98.5(707/718)
98.2 (705/718)
98.1 (704/718)
97.9 (703/718)
97.6 (701/718)
94.4 (678/718)
92.2 (662/718)
89.3 (641/718)
86.1 (618/718)
81.5 (585/718)
79.4 (570/718)

4.3 (82/1888)

5.1 (96/1888)
5.8 (109/1888)
6.7 (126/1888)
7.3 (138/1888)
14.1 (266/1888)
22.8 (431/1888)
31.6 (596/1888)
38.8 (733/1888)
45.2 (853/1888)
50.7 (958/1888)

28.1 (707/2513)
28.2 (705/2497)
28.4 (704/2483)
28.5 (703/2465)
28.6 (701/2451)
29.5 (678/2300)
31.2 (662/2119)
33.2 (641/1933)
34.9 (618/1773)
36.1 (585/1620)
38.0 (570/1500)

88.2 (82/93)

88.1 (96/109)
88.6 (109/123)
89.4 (126/141)
89.0 (138/155)
86.9 (266/306)
88.5 (431/487)
88.6 (596/673)
88.0 (733/833)
86.5 (853/986)
86.6 (958/1106)

PPV: positive predictive value; NPV: negative predictive value; PSA: prostate-specific antigen

Table 3: Sensitivity, specificity, PPV, and NPV at different PSAD cut-off levels

Sensitivity % Specificity % PPV % NPV %
PSAD (ng mlI-* cc™1)
0.10 97.0 (686/707) 17.8 (331/1861) 31.0 (686/2216) 94.0 (331/352)
0.11 95.5 (675/707) 22.0(410/1861) 31.7 (675/2126) 92.8 (410/442)
0.12 94.5 (668/707) 26.6 (495/1861) 32.8 (668/2034) 92.7 (495/534)
0.13 92.9 (657/707) 31.8 (592/1861) 34.1 (657/1927) 92.4 (592/641)
0.14 90.9 (643/707) 37.2 (693/1861) 35.5(643/1811) 91.5 (693/757)
0.15 89.7 (634/707) 41.7 (776/1861) 36.9 (634/1719) 91.4 (776/849)
0.16 88.0 (622/707) 46.8 (871/1861) 38.6 (622/1612) 91.1 (871/956)
0.17 86.0 (608/707) 51.4 (956/1861) 40.2 (608/1513) 90.6 (956/1055)
0.18 84.9 (600/707) 55.8 (1039/1861) 42.2 (600/1422) 90.7 (1039/1146)
0.19 83.0 (587/707) 60.2 (1120/1861) 44.2 (587/1329) 90.4 (1120/1239)
0.20 80.2 (567/707) 63.5(1181/1861) 45.4 (567/1249) 89.5(1181/1319)

PPV: positive predictive value; NPV: negative predictive value; PSAD: prostate-specific antigen density

Tahle 4: Logistic regression analyses on prostate cancer detection
upon TRUS-PB

OR (95% Cl) P
Model 1
PSA
<4.5 versus >4.5 ng ml-! 2.78(1.97-3.92) <0.001
Model 2
PSA
<4.5 versus >4.5 ng ml-! 1.45(0.99-2.12) 0.056
PSAD
<0.12 versus >0.12 ng ml-! cc! 5.48 (3.85-7.80) <0.001
Model 3
PSA
<4.5 versus >4.5 ng ml-! 1.92 (1.26-2.91) 0.002
PSAD
<0.12 versus >0.12 ng ml-! cc! 6.08 (4.13-8.96) <0.001
Abnormal DRE 7.07 (5.71-8.76) <0.001
Model 4
PSA
<4.5 versus >4.5 ng ml! 1.61 (1.05-2.45) 0.029
PSAD
<0.12 versus >0.12 ng ml-! cc! 6.22 (4.20-9.22) <0.001
Abnormal DRE 5.78 (4.63-7.21) <0.001
Age 1.07 (1.05-1.08) 0.002

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; OR: odds
ratio; Cl: confidence interval; DRE: digital rectal examination; TRUS-PB: transrectal
ultrasound-guided prostate biopsy

based on specified PSA levels, unless there were confounding factors
which were more prevalent in Chinese men that might cause falsely
elevated PSA, otherwise the number of benign and cancer cases should
be proportionate. On multivariate logistic regression analyses, PSA
cut-off of 4.5 ng ml™! was a significant predictor of prostate cancer
detection (OR 1.61, 95% CI 1.05-2.45, P = 0.029) after adjusting for
PSAD, presence of abnormal DRE and age. While further studies are
needed to investigate for potential differences in the natural history and
aggressiveness of prostate cancer in the Chinese population, a PSA level
of 4.5 ng ml™ appeared to be an appropriate cut-off level for Chinese
men to consider TRUS-PB with a reasonable sensitivity of 94.4%. In
our cohort, with reference to a PSA level of 4.5 ng ml™', TRUS-PB for
all men with PSA of more than 4 ng ml™ will lead to an increase in 151
biopsies (+6.57%), while detecting 23 more prostate cancers (+3.39%).

Being first proposed by Benson et al.” to distinguish between
benign prostatic hypertrophy and prostate cancer, a PSAD cut-off
of 0.15 ng ml™' cc™' was recommended in earlier studies.'”” However,
Lujan et al.'® showed that when a PSAD cut-off of 0.15 ng ml™!
cc! was used, up to 30.6% of prostate cancer would be missed and
suggested that a lower PSAD cut-off should be used. In our cohort,
a PSAD of 0.12 ng ml™! cc! had a sensitivity of 94.5%, specificity of
26.6%, PPV of 32.8%, and NPV of 92.7%, and a PSAD of 0.15 ng
ml™? cc! had a sensitivity of 89.7%, specificity of 41.7%, PPV of
36.9%, and NPV of 91.4%. In the study by Catalona et al.” a PSAD of
0.10 ng ml™* cc™! had a sensitivity of 78.8% and a specificity of 46.9%.
With a sensitivity of around 80%, this corresponds to a PSAD cut-oft
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value of 0.20 ng ml™' cc™' in our study on Chinese men with a sensitivity
0f 80.2% and specificity of 63.5%. One postulation is the physiological
difference between Chinese and Caucasians, resulting in a difference
in the size of the prostate gland; a smaller prostate volume in Chinese
men may result in an increase in PSAD, although further studies are
needed to evaluate this postulation. On multivariate logistic regression
analyses, PSAD cut-off of 0.12 ng ml™ cc™ was a significant predictor
of prostate cancer detection (OR 6.22, 95% CI 4.20-9.22, P < 0.001)
after adjusting for PSA, presence of abnormal DRE and age. PSAD of
0.12 ng ml ™' cc ! appeared to be an appropriate cut-off level for Chinese
men to consider TRUS-PB with a reasonable sensitivity of 94.5%. With
reference to a PSAD of 0.12 ng ml™ cc™!, TRUS-PB only for men with
PSAD of more than 0.15 ng ml™" cc™' would miss a total of 34 prostate
cancers (5.09%), while sparing 315 biopsies (15.49%) in our cohort.

While PSA is organ-specific but not tumor-specific, its serum
level may be altered by various confounding conditions including
urinary tract infection, prostatitis, urinary retention, etc. Similarly,
PSAD depends on the prostate volume size, which may in turn be
proportionate to one’s body weight, body height, and body mass
index. Unfortunately, we were unable to retrieve such parameters
from our database. The major limitation in our study would be the
lack of evaluation of potential confounding factors, which may affect
PSA and PSAD.

To our knowledge, this is the largest study investigating the
performances of PSA and PSAD at different cut-offlevels in the Chinese
population. Our results provided important information in deciding
when to perform TRUS-PB in Chinese men. While there is a lack of
data concerning the natural history and aggressiveness of prostate
cancer in the Chinese population, PSA of 4.5 ng ml™' and PSAD of
0.12 ng ml™! cc™! appeared to be appropriate levels for Chinese men
to consider TRUS-PB. This recommendation was based on a near
95% sensitivity for both PSA (94.4% sensitivity) and PSAD (94.5%
sensitivity). While a PSA cut-off value of 4.0 ng ml™' and a PSAD
cut-off value of 0.15 ng ml™" cc™! are often used to determine which
patient to consider TRUS-PB in our locality, further studies are
necessary to investigate the effect of increasing the PSA cut-off value
from 4.0 to 4.5 ng ml™', and decreasing the PSAD cut-off value from
0.15 to 0.12 ng ml™ cc™". Balance has to be made to avoid excessive
unnecessary biopsies while detecting most if not all of the clinically
significant prostate cancers.
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