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Performance of the Prostate Health Index in
predicting prostate biopsy outcomes among men
with a negative digital rectal examination and
transrectal ultrasonography

Guo-Peng Yu"**, Rong Na'**, Ding-Wei Ye’, Jun Qi*, Fang Liu"*>®, Hai-Tao Chen’, Yi-Shuo Wu"?,
Gui-Ming Zhang?, Jie-Lin Sun®, Yao Zhu?’, Li-Qun Huang®*, Shan-Cheng Ren’, De-Ke Jiang>?, S Lilly Zheng®?,
Hao-Wen Jiang"?, Ying-Hao Sun’, Qiang Ding"?, Jianfeng Xu'>>*

The [-2]proPSA (p2PSA) and its derivatives, the p2PSA-to-free PSA ratio (%p2PSA), and the Prostate Health Index (PHI) have
greatly improved discrimination between men with and without prostate cancer (PCa) in prostate biopsies. However, little is
known about their performance in cases where a digital rectal examination (DRE) and transrectal ultrasonography (TRUS) are
negative. A prospective cohort of 261 consecutive patients in China with negative DRE and TRUS were recruited and underwent
prostate biopsies. A serum sample had collected before the biopsy was used to measure various PSA derivatives, including total
prostate-specific antigen (tPSA), free PSA, and p2PSA. For each patient, the free-to-total PSA ratio (%fPSA), PSA density (PSAD),
p2PSA-to-free PSA ratio (%p2PSA), and PHI were calculated. Discriminative performance was assessed using the area under the
receiver operating characteristic curve (AUC) and the biopsy rate at 91% sensitivity. The AUC scores within the entire cohort with
respect to age, tPSA, %fPSA, PSAD, p2PSA, %p2PSA, and PHI were 0.598, 0.751, 0.646, 0.789, 0.814, 0.808, and 0.853,
respectively. PHI was the best predictor of prostate biopsy results, especially in patients with a tPSA of 10.1-20 ng ml-'. Compared
with other markers, at a sensitivity of 91%, PHI was the most useful for determining which men did not need to undergo biopsy,
thereby avoiding unnecessary procedures. The use of PHI could improve the accuracy of PCa detection by predicting prostate
biopsy outcomes among men with a negative DRE and TRUS in China.
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INTRODUCTION

Prostate cancer (PCa) is one of the most common solid neoplasms and
the second leading cause of death due to cancer among men in both
the United States and Europe.*? In China, the incidence of PCa was low
historically but has increased substantially in the last two decades. In
urban Shanghai, the estimated age-standardized incidence rate (ASIR)
of PCa increased from 2.3 per 100 000 during 1988-1992 to 6.9 per
100 000 during 1998-2002.%

Currently, the prostate-specific antigen (PSA) assay is widely
used for the early detection of PCa and its increased use in China
in recent years has indicated to an increased incidence of PCa.
However, the increase in PSA screening has also led to an increase in
the diagnosis of clinically insignificant tumors (over-diagnosis) and

their treatment (over-treatment).* This is primarily due to the fact
that total PSA (tPSA) is not PCa-specific; noncancerous conditions
such as benign prostatic hyperplasia (BPH) and prostatitis may
also lead to elevated tPSA levels. Several novel serum biomarkers,
including [-2]proPSA (p2PSA) and its derivatives, the p2PSA-to-free
PSA ratio (%p2PSA), and Prostate Health Index (PHI), have been
developed and have significantly increased the possibility of detecting
PCa, especially at an initial biopsy.® The secretion of p2PSA appears
to be more specific to tumor cells, and the combination of this PSA
isoform with tPSA and free PSA (fPSA) to yield PHI has greatly
improved the possibility of discriminating between men with
and without PCa.*® In 2012, the Food and Drug Administration
approved PHI for use in men with serum PSA values of 4-10 ng ml™".
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PHI has also been recommended in the National Comprehensive
Cancer Network (NCCN) as a blood test to improve the specificity
of PCa detection in its updated Clinical Practice Guidelines in
Oncology (NCCN Guidelines) for Prostate Cancer Early Detection.’
A prostate biopsy is routinely recommended following a suspicious
digital rectal examination (DRE) or transrectal ultrasonography (TRUS)
regardless of PSA levels.!”'! However, clinical guidelines are unclear
regarding the next step for men with negative DRE and TRUS results
but with an elevated PSA level. Biopsy may also be recommended
for men with a PSA of 2.5-4.0 ng ml™".'>"* However, this may lead to
unnecessary biopsies and possibility over detection of some cancers."**
To investigate this issue, we tested the hypothesis that novel PSA
markers (p2PSA, %p2PSA, and PHI), particularly PHI, are more
accurate than age, tPSA, and free-to-total PSA ratio (%fPSA) at
detecting prostate cancer. This was done in a prospective trial, using
consecutively diagnosed patients with a negative DRE and TRUS who
underwent prostate biopsy in China. Clear conclusions regarding this
hypothesis may result in the avoidance of unnecessary biopsies.

MATERIALS AND METHODS

Patients

This study included 638 consecutive patients who underwent prostate
biopsies between April 2012 and August 2013 for the detection of PCa
using the current standard of care at three tertiary hospitals in Shanghai,
China. Typical indications for prostate biopsy at these three hospitals
were: (1) tPSA >4.0 ng ml™'; (2) %{PSA ratio <0.16; (3) PSAD >0.15;
or (4) presence of prostate nodules detected by DRE or ultrasound.
The TRUS-guided biopsies were performed using a 10-core scheme.
All biopsy specimens were reviewed in the Pathology Department of
the respective hospital. Before the biopsy, demographic and clinical
variables were collected, and PSA was measured. After excluding all
patients with a positive DRE or TRUS, the study included 261 patients
with a negative DRE and TRUS. The primary outcome was a diagnosis
of PCa based on a biopsy. The secondary outcome was a diagnosis of
high-grade PCa (Gleason score 4 + 3 and >8).

Specimens and laboratory analysis

Blood samples collected from consenting patients were stored
immediately at 4°C and then centrifuged and refrigerated within
2 h collection. The serum was frozen at —70°C for future analysis.
For each patient, the serum p2PSA, tPSA, and fPSA were measured
centrally using the Beckman Coulter DxI 800 Immunoassay System.
PSAD was calculated by dividing the serum tPSA level by the prostate
volume (PV) as determined by TRUS during the biopsy. The %fPSA and
%p2PSA were calculated. The Beckman Coulter PHI was determined
using the formula PHI = ([-2]proPSA/free PSA) x sqrt(PSA).

Statistical methods

Two types of biopsy outcome were tested in the study: PCa versus
non-PCa and high-grade PCa versus everything else. The differences
between the two types of biopsy outcome with respect to age, PV,
tPSA, %fPSA, PSAD, p2PSA, %p2PSA, and PHI were assessed using
the Student’s #-test for normal data and the Wilcoxon rank sum test for
skewed data. Due to nonnormal distributions of age, PV, tPSA, %fPSA,
PSAD, p2PSA, %p2PSA, and PHI, these variables were log-transformed
before any statistical analysis. The areas under the receiver operating
characteristic (ROC) curves (AUC) of different variables (age, PV,
tPSA, %fPSA, PSAD, p2PSA, %p2PSA, and PHI) were calculated in
univariate regression analyses. AUC of PHI was compared separately
with the AUC of age, tPSA, and %fPSA and multivariate analysis was
used to assess the value of PHI in the diagnosis of PCa. The sensitivity
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and specificity of each variable were calculated to assess the diagnostic
performance of the various assays in terms of PCa detection. All
descriptive statistics and comparisons were performed using Stata/SE
13.0 software (StataCorp., College Station, TX, USA). A two-sided
P < 0.05 was considered statistically significant in all of the analyses.

Ethics

Due to the fact that the China Food and Drug Administration has
not approved p2PSA and PHI, this study was performed as a research
project. Serum p2PSA was measured but not used for clinical decisions.
The written informed consent was obtained from each patient. This
study was approved by the Institutional Review Board at each hospital.

RESULTS

Baseline characteristics

Among 261 patients with a negative DRE and TRUS who underwent
prostate biopsy, 67 (26.05%) patients were diagnosed with PCa and
30 (11.49%) were diagnosed with high-grade PCa. Table 1 summarizes
the clinical parameters and novel PSA markers for patients according to
biopsy outcomes (PCa vs non-PCa and high-grade PCa vs everything
else) for the entire cohort. Patients with PCa had a significantly higher
median age (P = 0.017), tPSA (P = 9.78E-10), PSAD (P = 1.69E-12),
p2PSA (P =2.03E-14), %p2PSA (P =6.24E-14),and PHI (P=7.77E-18),
and a lower median %fPSA (P = 3.81E-04) than non-PCa patients.
Patients with high-grade PCa had a significantly higher median
tPSA (P = 2.05E-09), PSAD (P = 3.72E-11), p2PSA (P = 4.32E-10),
%p2PSA (P =9.90E-10), and PHI (P = 5.98E-13), and a lower median
%fPSA (P = 2.09E-03) than everyone else.

ROC curves analysis
Data regarding the predictiveness of existing clinical variables and
novel PSA markers for predicting PCa, measured using the AUC,
are presented in Table 2 and Figure 1. Within the entire cohort, as
well as within subsets of patients with tPSA at 10.1-20 ng ml™ and
tPSA >20 ng ml™', AUC scores were consistently highest for PHI,
which performed the best in terms of predicting the results of the
initial prostate biopsy in our population. The difference in AUC
scores between PHI and age was 0.255 (P = 5.36E-07) within the
entire cohort. This difference was larger in the higher PSA level subset
analysis: 0.269 (P =0.006) in patients with tPSA at 10.1-20 ng ml ' and
0.357 (P = 1.00E-04) in patients with tPSA at >20 ng ml™". The difference
in AUC scores between PHI and tPSA was 0.102 (P = 0.001) for the
entire cohort. This difference was larger in the higher PSA level subset
analysis: 0.234 (P =0.003) in patients with tPSA at 10.1-20 ng ml ' and
0.119 (P = 0.013) in patients with tPSA >20 ng ml™'. The difference
in AUC scores between the PHI and %fPSA was 0.207 (P = 1.92E-08)
for the entire cohort. This difference was similar to the one obtained
in the higher PSA level subset analysis: 0.199 (P = 0.005) in patients
with tPSA at 10.1-20 ng ml™! and 0.210 (P = 0.009) in patients with
tPSA >20 ng ml™'. Multivariate analysis was used to assess the value of
PHI in the diagnosis of PCa. Age, tPSA, and %fPSA were entered into
the multivariate analysis as the base prediction model (Table 3 and
Supplementary Table 1). When PHI was added to the base model, the
difference in AUC between the base model and base model + PHI was
0.069 (P = 1.25E-04) for the entire cohort. This difference was larger
for the subset analysis of tPSA at 10.1-20 ng ml™! (0.137 [P = 0.003])
and similar to the difference observed in the tPSA >20 ng ml™ level
subset analysis (0.051 [P = 0.047]).

With respect to predicting high-grade PCa, the results of the AUC
analyses generally supported the superior performance of the PHI
at discriminating high-grade PCa from everything else in the entire



Table 1: Characteristics of patients in the biopsy cohort in China when the results of DRE and TRUS tests are negative

Biopsy outcomes

Median (range) (n=261)

Variables

High-grade PCa

PCa versus

Other (n=231)

High-grade PCa (n=30)

=194)

Absence of PCa (n

=67)

Presence of PCa (n

versus other

non-PCa
0.017

0.328

69 (51-82) 66 (25-91) 68 (54-81) 67 (25-91)

67 (25-91)

Age (year)
PV (ml)

0.469
2.05E-09

2.09E-03

0.051
9.78E-10

40.7 (12-146)

9.88
15.193

39.8 (25-124)
33.385 (3.51-2006.25)

41 (12-146)

9.275(0.41-122.01)
15.962 (3.790-73.965)

39 (21-124)
16.68 (3.51-2006.25)
11.939 (1.243-31.718)
0.545 (0.092-40.125)
48.14 (7.73-14566.75)

40.6 (12-146)
10.67 (0.41-2006.25)
14.613 (1.243-73.965)
0.238 (0.016-40.125)
19.4 (2.42-14566.75)
1.386 (0.092-14.201)

40.833 (6.737-5591.614)

0.41-232.2)

3.81E-04

3.678-73.965)
0.016-4.222)
2.42-585.65)
0.092-8.102)
6.737-727.7)

3.72E-11

1.69E-12
2.03E-14

4.32E-10

9.90E-10

6.24E-14

5.98E-13

7.77E-18

tPSA (ng ml-)
%fPSA

10.340 (1.243-31.718)
0.744 (0.092-40.125)
80.165 (8.93-14566.75)

0.225
17.46
1.348

38.59

0.212 (0.016-2.773)

PSAD (ng ml-?)

15.905 (2.42-585.65)
1.262 (0.091-7.725)
35.120 (6.737-490.074)

p2PSA (pg ml-1)
%p2PSA
PHI

2.685 (0.829-14.201
127.134 (33.986-5591.614)

2.430 (0.564-14.201)
97.15 (14.864-5591.614)

PV: prostate volume; tPSA: total prostate-specific antigen; %fPSA: free-to-total prostate-specific antigen ratio; PSAD: prostate-specific antigen density; p2PSA: [-2]pro prostate-specific antigen; %p2PSA: [-2]pro prostate-specific antigen-to-free

prostate-specific antigen ratio; PHI: Prostate Health Index; PCa: prostate cancer; DRE: digital rectal examination; TRUS: transrectal ultrasonography
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cohort. The AUC score of the PHI was the highest when it came to
discriminating high-grade PCa from other cases (Supplementary
Table 2). In the multivariate analyses, when PHI was added to the base
model (age + tPSA + %fPSA), the difference in AUC scores between
the base model and base model + PHI was 0.025 (P = 0.034) for the
entire cohort (Supplementary Table 2).

Clinical significance of guiding biopsy using various tumor markers
To further assess the performance of the various parameters, we set the
sensitivity at 91%, which eliminated 6 of the 67 cancer cases. At thislevel,
the cut-off values for variables associated with the need for biopsy are
shown in Table 4. The cut-offs were tPSA 26.94 ng ml™', %{PSA <19.32,
PSAD >0.188 ng ml™, p2PSA >14.25 pg ml™!, %p2PSA >0.973,
and PHI >38.59. At this same sensitivity level, PHI had the highest
specificity of 56.70% (Table 4), while the specificities at this level for
tPSA, %fPSA, PSAD, p2PSA, and %p2PSA were 29.38%, 33.51%,
42.78%, 42.27%, and 28.87%, respectively. If we applied PHI to the
cohort during the initial assessment, 110 (42.15%) patients with no
evidence of PCa would avoid undergoing a biopsy. The numbers of
biopsies that would have been avoided using tPSA, %fPSA, PSAD,
p2PSA, and %p2PSA were 57 (21.84%), 65 (24.90%), 83 (31.80%),
82 (31.42%), and 56 (21.46%), respectively (Table 4).

DISCUSSION

The low accuracy of opportunistic PSA-based screening has led to the
development of more specific plasma-based biomarkers, including
p2PSA, %p2PSA, and PHI, which have been widely described as
improving the detection of PCa compared to classic PSA testing.>%!>-2
PHI is a new formula that combines tPSA, fPSA, and p2PSA into a
single score that can be used to aid clinical decision-making.*! PHI
is calculated as ([-2]proPSA/free PSA) x sprt(PSA). Intuitively, this
formula is logical, in that men with a higher tPSA and p2PSA and with a
lower fPSA are more likely to have clinically significant prostate cancer.

In addition to PHI, prostate cancer antigen 3 (PCA3) has also
been assessed as a potential new screening marker,”*** and several
groups have compared the performance of PHI with PCA3 leading up
to a prostate biopsy. For example, one study reported a head-to-head
comparison between PHI and PCA3 in European men undergoing
initial or repeat biopsies. Overall, PHI had a higher AUC (0.70) than
either PCA3 (0.59) or %fPSA (0.60).** Another recent study also
compared PHI with PCA3 and found that the PHI outperformed PCA3
for predicting clinically significant prostate cancer.”

One rationale for this study design was the fact that there are
considerable differences in the characteristics of PCa between patients
from China and Western countries. The PSA “gray zone” is 4-10 ng ml™
in Western countries where the detection rate of PCa is ~34% among
these patients,” while evidence from Chinese studies®*”* suggests
that the PSA “gray zone” in China is 10-20 ng ml™". The reported PCa
detection rate among patients with a tPSA of 10.1-20 ng ml™' in Chinese
studies is 29.8%-36.5%.%* Hence, the performance of PHI with respect
to discriminating biopsy outcomes among men with a negative DRE
and TRUS at a tPSA of 10.1-20 ng ml™ is important for the Chinese
population. In this study, we found that among men undergoing
their first prostate biopsy with a negative DRE and TRUS, PHI was a
significant predictor of PCa for the entire cohort. PHI also performs
better than tPSA and other PSA markers in discriminating which men
will be diagnosed with clinically significant PCa. More specifically, the
accuracy of PHI over tPSA at discriminating biopsy outcomes among
men with a negative DRE and TRUS was greater in men with higher
PSA levels, especially in the subset with tPSA at 10.1-20 ng ml™. The
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Figure 1: Receiver operating characteristic (ROC) curves of the various prostate-specific antigen (PSA) derivatives. (a) In the entire cohort (n = 261); (b) in
patients with tPSA at 2-10 ng mI-* (n= 114); (¢) in patients with tPSA at 10.1-20 ng mI-* (n = 90); (d) in patients with tPSA > 20 ng mI-! (n = 54). tPSA:
total PSA; %fPSA: free-to-total PSA ratio; PSAD: prostate-specific antigen density; p2PSA: [-2]proPSA; %p2PSA: p2PSA-to-free PSA ratio; PHI: Prostate

Health Index.

Table 2: Performance of PSA measurements and other clinical variables for predicting PCa when the DRE and TRUS are negative

Variables

Entire cohort (n=261)

tPSA at 2-10 ng mI-* (n=114)

tPSA at 10.1-20 ng mI-! (n=90)

tPSA >20 ng ml-! (n=54)

AUC (95% CI) at various tPSA
levels (ng mI-1)

Age (year)

PV (ml)

tPSA (ng ml-?)
%fPSA

PSAD (ng ml-?)
p2PSA (pg ml1)
%p2PSA

PHI

P value for comparisons of AUC scores
for PHI versus age/tPSA/%fPSA

PHI versus age
PHI versus tPSA
PHI versus %fPSA

0.598 (0.521-0.675)
0.573 (0.494-0.651)
0.751 (0.680-0.821)
0.646 (0.574-0.717)
0.789 (0.723-0.855)
0.814 (0.748-0.879)
0.808 (0.742-0.873)
0.853 (0.793-0.912)

5.36E-07
0.001
1.92E-08

0.602 (0.439-0.765)
0.551 (0.393-0.708)
0.586 (0.431-0.742)
0.497 (0.343-0.651)
0.608 (0.461-0.755)
0.666 (0.469-0.862)
0.656 (0.451-0.861)
0.684 (0.480-0.887)

0.574
0.384
0.238

0.516 (0.379-0.652)
0.671 (0.546-0.796)
0.551 (0.414-0.688)
0.586 (0.460-0.712)
0.651 (0.529-0.772)
0.694 (0.572-0.817)
0.783 (0.678-0.886)
0.785 (0.685-0.885)

0.006
0.003
0.005

0.559 (0.402-0.716)
0.707 (0.558-0.856)
0.797 (0.673-0.921)
0.706 (0.559-0.852)
0.888 (0.795-0.980)
0.851 (0.745-0.957)
0.908 (0.824-0.992)
0.916 (0.839-0.993)

1.00E-04
0.013
0.009

AUC: area under the receiver operator curve; PV: prostate volume; tPSA: total prostate-specific antigen; %fPSA: free-to-total prostate-specific antigen ratio; PSAD: prostate-specific
antigen density; p2PSA: [-2]pro prostate-specific antigen; %p2PSA: [-2]pro prostate-specific antigen-to-free prostate-specific antigen ratio; PHI: Prostate Health Index; PCa: prostate

cancer; PSA: prostate-specific antigen; DRE: digital rectal examination; TRUS: transrectal ultrasonography

AUC score was 0.785 for the PHI and 0.551 for tPSA in patients with
tPSA of 10.1-20 ng ml™Y; it was 0.916 for the PHI and 0.797 for tPSA in
patients with tPSA >20 ng ml™". The superior performance of the PHI in
a sample of men with a negative DRE and TRUS with tPSA >10 ng ml™
may have important clinical implications for Chinese men.
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From the perspective of translational medicine, a PHI-based
strategy may considerably reduce the number of unnecessary biopsies
compared to other markers, while maintaining the same PCa detection
rate among men with a negative DRE and TRUS. At a sensitivity
level of 91%, which eliminated 6 of the 67 cancer cases, the cut-off
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Table 3: The performance of two different multivariable models for predicting PCa with a negative DRE and TRUS

Different models Entire cohort (n=261)

tPSA at 2-10 ng mI-! (n=114)

tPSA at 10.1-20 ng mi! (n=90)  tPSA >20 ng mI! (n=54)

AUC (95% Cl) of different models
(95%Cl) at various tPSA levels, ng ml-*
Base model 0.783 (0.713-0.853)

0.852 (0.795-0.908)

1.25E-04

Base model + PHI

P value for different AUC between base
model and base model + PHI

0.599 (0.438-0.759)
0.706 (0.519-0.894)
0.308

0.652 (0.520-0.785)
0.789 (0.684-0.894)
0.003

0.864 (0.766-0.961)
0.915 (0.838-0.993)
0.047

PCa: prostate cancer; AUC: area under the receiver operator curve; base model: age + tPSA + %fPSA; tPSA: total prostate-specific antigen; %fPSA: free-to-total prostate-specific

antigen ratio; PHI: Prostate Health Index; PSA: prostate-specific antigen

Table 4: Performance characteristics in patients with a negative
digital rectal examination and transrectal ultrasonography at a preset
sensitivity of 91%

Variables Cut-off for Specificity ~ Number of patients Biopsy
needing at 91% with no evidence of  numbers (%)
biopsy  sensitivity cancer that could have
(%) avoided a biopsy (%)
tPSA (ng ml-1) >6.94 29.38 57 (21.84) 198 (75.86)
%fPSA <19.32 33.51 65 (24.90) 190 (72.80)
PSAD (ng ml-?) >0.188 42.78 83 (31.80) 172 (65.90)
p2PSA (pg mI-!)  >14.25 42.27 82 (31.42) 173 (66.28)
%p2PSA >0.973 28.87 56 (21.46) 199 (76.25)
PHI >38.59 56.70 110 (42.15) 145 (55.56)

tPSA: total prostate-specific antigen; %fPSA: free-to-total prostate-specific antigen
ratio; PSAD: prostate-specific antigen density; p2PSA: [-2]pro prostate-specific antigen;
%p2PSA: [-2]pro prostate-specific antigen-to-free prostate-specific antigen ratio;
PHI: Prostate Health Index

of PHI with regard to the need for a biopsy was >38.59. Of the cases
eliminated from the analysis, five patients involved T1c disease, four
had Gleason scores of 3 + 3, and one had a Gleason score of 3 + 4. These
are considered low-risk cases.'”* Nevertheless, this level eliminated one
higher-grade cancer patient with a Gleason score of 4 + 3 and a tPSA of
16.8 ng ml™". At this level, the cut-off of tPSA with regard to the need
for a biopsy was 26.94 ng ml™!, therefore a combination of the PHI
with tPSA would prevent the elimination of this case. PHI had the best
specificity (56.70%) compared with tPSA and other variables. To detect
91% of all PCa in the cohort, we would need to biopsy 198 (75.86%)
patients with higher tPSA values (26.94 ng ml™), or only 145 (55.56%)
patients with higher PHI values (>38.59), a 20.31% reduction in the
number of biopsies. Similar results were found when comparing the
PHI with %fPSA, PSAD, p2PSA, and %p2PSA.

Our results are slightly different from those observed in a
retrospective study of 230 Asian men with tPSA levels of 4-10 ng ml™,
which used >26.54 as the PHI cut-off with regard to the need for a biopsy
at 90% sensitivity but found the specificity to be 49.76."” These discrepant
results are likely to be due to differences between the study population.
However, both of these Asian studies are consistent with previous
international studies that specify a cut-oft for the PHI with regard to the
need for a biopsy ranging from 22.8 to 48.5 at 90% sensitivity.>'72031-3

With respect to predicting the probability of higher-grade
cancers, our results support the superior performance of the PHI
in discriminating high-grade PCa from everything else in the entire
cohort. The AUC score of PHI was higher than that of all the other
variables with respect to discriminating high-grade PCa from
everything else. As the overall sample size was small, there were only
30 high-grade cancers. This is one limitation in our study that might
be overcome by a larger sample cohort study. Besides the relatively
small cohort, the inclusion of only Chinese men may affect its external
validity. Therefore, our results should be interpreted with caution, and

investigations of other Chinese and non-Chinese study populations
are warranted before applying our conclusions to clinical practice.
Nevertheless, with well-documented cases and no missing data, the
data collection proved to be reliable.

The introduction of PSA as a screening tool has contributed to
the early detection of prostate cancer. However, it has also resulted
in over-diagnosis and over-treatment. Promising novel biomarkers
are in development. Our findings indicate that PHI may help in
screening for PCa among men undergoing their first prostate biopsy
with a negative DRE and TRUS, thereby avoiding over-diagnosis and
over-treatment, especially in patients with a tPSA of 10.1-20 ng ml ™,
which is considered to be the Chinese PSA “gray zone” Additional
multi-center studies in China with a larger sample size are needed
before the PHI can be used in clinical practice.
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Supplementary Table 1: Univariate and Multivariate analyses of the performance of the PHI and other clinical variables with respect to predicting
PCa with a negative DRE and TRUS

Group Variables Univariate analysis Multivariable analysis
OR (95%Cl) P Base model (age + tPSA + %fPSA) Base model + PHI
OR (95%Cl) P OR (95%CI) P
Entire cohort Age, years 1.044 (1.010-1.079) 0.010 1.063 (1.020-1.107) 0.003 1.056 (1.013-1.101) 0.010
(n=261) tPSA, ng ml-! 1.041 (1.022-1.060) 1.24E-05 1.035(1.015-1.054) 3.57E-04 0.993 (0.968-1.018) 0.562
%fPSA 0.928 (0.889-0.969) 0.001 0.925 (0.883-0.968) 0.001 0.951 (0.904-1.001) 0.054
PHI 1.018 (1.011-1.025) 2.75E-07 1.017 (1.007-1.027) 0.001
tPSA at 2-10 ng mi-! Age, years 1.042 (0.980-1.109) 0.194 1.047 (0.976-1.124) 0.201 1.032 (0.954-1.116) 0.435
(n=114) tPSA, ng ml-! 1.178 (0.859-1.614) 0.308 1.138 (0.813-1.592) 0.453 1.062 (0.740-1.525) 0.741
%fPSA 1.001 (0.921-1.088) 0.976 0.925 (0.883-0.968) 0.667 1.065 (0.950-1.194) 0.285
PHI 1.048 (1.013-1.084) 0.007 1.063 (1.019-1.108) 0.004
tPSA at 10.1-20 ng ml! Age, years 1.025 (0.966-1.088) 0.412 1.049 (0.982-1.119) 0.159 1.044 (0.976-1.116) 0.211
(n=90) tPSA, ng ml-! 1.040 (0.880-1.229) 0.646 0.993 (0.829-1.189) 0.936 0.969 (0.802-1.171) 0.749
%fPSA 0.960 (0.898-1.024) 0.215 0.937 (0.867-1.013) 0.101 0.963 (0.888-1.044) 0.363
PHI 1.017 (1.002-1.031) 0.026 1.016 (0.999-1.033) 0.063
tPSA >20 ng/ml-! Age, years 1.025 (0.958-1.097) 0.465 1.074 (0.979-1.178) 0.131 1.062 (0.965-1.170) 0.219
(n=54) tPSA, ng ml-! 1.028 (1.005-1.052) 0.017 1.027 (1.001-1.053) 0.041 0.994 (0.970-1.019) 0.638
%fPSA 0.882 (0.799-0.974) 0.013 0.873 (0.768-0.993) 0.038 0.892 (0.782-1.018) 0.089
PHI 1.013 (1.005-1.022) 0.002 1.013 (1.001-1.024) 0.027

PCa: Prostate Cancer; AUC: area under the receiver operator curve; tPSA: total PSA; %fPSA: free-to-total PSA ratio; PHI: Prostate Health Index

Supplementary Table 2: Performance of PSA measurements and other clinical variables with respect to predicting high-grade PCa when the DRE
and TRUS are negative

Variables Entire cohort (n=261) Univariate analysis Multivariable analysis
AUC (95%CI) OR (95%ClI) P value Base model (age + tPSA + %fPSA) Base model + PHI
OR (95%ClI) P value OR (95%Cl) P value
Age, years 0.555 (0.449-0.660) 1.024 (0.981-1.070) 0.267 1.043 (0.988-1.101) 0.129 1.038 (0.984-1.096) 0.175
PV, mL 0.541 (0.437-0.644) 0.993 (0.973-1.013) 0.496
tPSA, ng ml-! 0.836 (0.756-0.916) 1.028 (1.014-1.040) 3.790E-05 1.023(1.011-1.037) 3.85E-04 1.009 (0.989-1.029) 0.361
%fPSA 0.673 (0.579-0.767) 0.909 (0.852-0.970) 3.977E-03 0.927 (0.862-0.977) 0.042 0.936 (0.867-1.010) 0.088
PSAD, ng ml-? 0.871 (0.803-0.939) 3.571 (1.985-6.424) 2.138E-05
p2PSA, pg ml! 0.850 (0.770-0.930) 1.008 (1.004-1.012) 3.957E-05
%p2PSA 0.843 (0.759-0.927) 2.049 (1.533-2.739) 2.138E-05
PHI 0.904 (0.852-0.956) 1.008 (1.004-1.011) 1.187E-05 1.005(1.000-1.010) 0.085
Pvalue AUC of the multivariable models 0.834 (0.749-0.918) 0.859 (0.785-0.932)
PHI vs. age 1.63E-08 (95%CN)
PHI vs. tPSA 0.073
P for base model vs. base model + PHI 0.034
PHI vs. %fPSA 6.94E-06

PCa: prostate cancer; AUC: area under the receiver operator curve; PV: prostate volume; tPSA: total PSA; %fPSA: free-to-total PSA ratio; PSAD: prostate specific antigen density;
p2PSA: [-2]proPSA; %p2PSA: p2PSA-to-free PSA ratio; PHI: prostate health index; PCa: prostate cancer



