Prostate Cancer

Asian Journal of Andrology (2020) 22, 539-543
www.asiaandro.com; www.ajandrology.com

Open Access

ORIGINAL ARTICLE

Prostate volume does not provide additional
predictive value to prostate health index for prostate
cancer or clinically significant prostate cancer:
results from a multicenter study in China

Da Huang"’, Yi-Shuo Wu?**, Ding-Wei Ye*, Jun Qi’, Fang Liu®, Brian T Helfand®, Siqun L Zheng’,
Qiang Ding*’, Dan-Feng Xu', Rong Na'’, Jian-Feng Xu’’, Ying-Hao Sun®

To evaluate whether prostate volume (PV) would provide additional predictive utility to the prostate health index (phi) for predicting
prostate cancer (PCa) or clinically significant prostate cancer, we designed a prospective, observational multicenter study in two
prostate biopsy cohorts. Cohort 1 included 595 patients from three medical centers from 2012 to 2013, and Cohort 2 included
1025 patients from four medical centers from 2013 to 2014. Area under the receiver operating characteristic curves (AUC) and
logistic regression models were used to evaluate the predictive performance of PV-based derivatives and models. Linear regression
analysis showed that both total prostate-specific antigen (tPSA) and free PSA (fPSA) were significantly correlated with PV
(all P < 0.05). [-21proPSA (p2PSA) was significantly correlated with PV in Cohort 2 (P < 0.001) but not in Cohort 1 (P = 0.309),
while no significant association was observed between phi and PV. When combining phi with PV, phi density (PHID) and another
phi derivative (PHIV, calculated as phi/PV®%) did not outperform phi for predicting PCa or clinically significant PCa in either Cohort
1 or Cohort 2. Logistic regression analysis also showed that phi and PV were independent predictors for both PCa and clinically
significant PCa (all P < 0.05); however, PV did not provide additional predictive value to phi when combining these derivatives in a
regression model (all models vs phi were not statistically significant, all P> 0.05). In conclusion, PV-based derivatives (both PHIV
and PHID) and models incorporating PV did not improve the predictive abilities of phi for either PCa or clinically significant PCa.
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INTRODUCTION
With the estimated 1 276 106 new cases and 358 989 deaths worldwide,
prostate cancer (PCa) has become the second most common cancer
and the fifth leading cause of cancer-specific death in males." Along
with widespread prostate-specific antigen (PSA) screening and an
in-depth understanding of PCa, PSA has been gradually considered an
unspecific tumor biomarker, leading to large numbers of unnecessary
prostate biopsies.>* Moreover, nonaggressive or low-grade PCa
(also known as clinically insignificant disease) may not cause clinical
consequences throughout the lifetime of a patient if left untreated or
under surveillance, according to the results from several autopsy and
active surveillance studies.*'* These clinical issues are also known as
overdiagnosis and overtreatment.

To improve PSA-based diagnostic ability, the prostate health index
(phi), derived from total PSA (tPSA), free PSA (fPSA), and [-2]proPSA

(p2PSA), has been introduced and shown to be a better predictor than
tPSA and %fPSA (fPSA/tPSA) for both PCa and clinically significant
PCa. Using phi as a supplementary tool on tPSA may also reduce the
number of unnecessary biopsies.'**!

Since many studies have reported that prostate volume (PV) is
associated with prostate cancer and tPSA, PSA density (PSAD, tPSA/PV)
was introduced to adjust this influence and was shown to have better
predictive value for PCa.***® However, phi, as a multivariable formula,
did not include PV. Two previous single-center studies by Tosoian
et al** and Druskin et al.*® demonstrated that phi density (PHID,
calculated as phi/PV) outperformed phi in the diagnosis of clinically
significant cancer (Gleason score, GS 7). A recent study by Vendrami
et al.* demonstrated that PHID has a greater predictive value than
phi when prostate biopsies were guided by image fusion of magnetic
resonance (MR) and transrectal ultrasound. However, due to the
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relatively small sample sizes and the study design, the association
between phi and PV was not clear enough in these studies. Therefore,
we conducted this study to investigate the associations among p2PSA,
phi, and PV. We also investigated whether PV would provide additional
predictive utility when combined with phi in the Chinese population.

PARTICIPANTS AND METHODS

Study design and cohort

This study was a prospective, observational multicenter study in
two prostate biopsy cohorts.'>!” Cohort 1 recruited consecutive 635
patients from 2012 to 2013 in three tertiary hospitals in Shanghai,
China (Huashan Hospital, Shanghai Cancer Center, and Xinhua
Hospital). Cohort 2 recruited consecutive 1538 patients from 2013
to 2014 in four tertiary hospitals in Shanghai, China (the above
three hospitals and Shanghai Changhai Hospital). All the patients
underwent initial prostate biopsies. The indications for prostate biopsy
were the same across different tertiary hospitals: (1) tPSA level >4.0
ng ml; (2) %fPSA <0.16; and (3) presence of suspicious prostate
nodules detected by digital rectal examination (DRE) or ultrasound.
Transrectal ultrasound (TRUS)-guided biopsy was performed using a
10-core scheme in Cohort 1 and a 10- to 14-core scheme in Cohort 2.
All biopsy specimens were reviewed in the Department of Pathology
at each hospital. The study was approved by the institutional review
board of each hospital, and written informed consent was obtained
from each participant.

Patients were excluded in the present study if (1) there were no
records of age and PV or (2) the records of any serum antigen levels
(tPSA, fPSA, or p2PSA) were missing. Clinically significant PCa was
defined as PCa with Gleason score (GS) >7.

Statistical analyses
Derivative variables were calculated as follows: (1) %fPSA:
fPSA/tPSA; (2) PSAD: tPSA/PV; (3) %p2PSA: p2PSA/fPSA; (4) phi:
(p2PSA/fPSA) x tPSA’; (5) PHID: phi/PV; (6) PHIV: phi/PV0s

In univariate analysis, continuous variables were compared using
a Mann-Whitney U test for nonnormal distributed variables or
Student’s t-test for normal distributed variables. Categorical variables
were compared using a Chi-square test. Linear regression was used to
measure the association between serum antigen levels (tPSA, fPSA,
and p2PSA) and PV after log-transformation. In multivariate analysis,
we performed four multivariate logistic regression (LR) models for
predicting PCa and clinically significant PCa, including age, PV, and
phi (or correlative serum antigen levels). Predictive abilities were
evaluated using the area under the receiver operating characteristic
curve (AUC). Statistical differences between AUCs were evaluated
using the DeLong method.?”

All statistical analyses were performed using Stata® 15.1 Special
Edition (StataCorp, College Station, TX, USA). A two-tailed
P < 0.05 was considered statistically significant.

RESULTS

The characteristics of the two cohorts were described in our previous
studies.’>!” Based on the exclusion criteria, 40 and 513 patients were
excluded from Cohort 1 and 2, respectively, because of incomplete
records (Supplementary Figure 1). Finally, a total of 595 patients
were included in Cohort 1 and 1025 patients were included in Cohort
2. The demographic information of the study populations is shown in
Supplementary Table 1. Two hundred and fifty-five out of 595 patients
were diagnosed with PCa (42.9%) and 193 patients were diagnosed
with clinically significant PCa (32.4%) in Cohort 1. In Cohort 2, 437
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(42.6%) patients were diagnosed with PCa and 346 (33.8%) with
clinically significant PCa.

The correlations between serum antigen indices (tPSA, p2PSA,
fPSA, and phi) and PV were evaluated by simple linear regression
analysis (Supplementary Table 2). In Cohort 1, we found that both
tPSA and fPSA were significantly correlated with PV (P = 0.005 and
P <0.001, respectively). However, no significant association was found
between p2PSA and PV and between phi and PV (P = 0.309 and
P = 0.107, respectively). In Cohort 2, tPSA, p2PSA, and fPSA were
significantly correlated with PV (all P < 0.001). Similarly, no significant
association was found between phi and PV (P = 0.434).

In the entire study population and separate cohorts, the median
PV was approximately 40 ml (entire Cohort: 41 ml; Cohort 1: 42
ml; Cohort 2: 41 ml; Supplementary Table 1). We then performed
a stratified analysis for patients with different PV (<40 ml and >40
ml). When stratified using 40 ml as a threshold, patients with smaller
PV had significantly lower tPSA, lower %f{PSA, and higher %p2PSA
in two separate cohorts (all P < 0.05, Supplementary Table 3 and 4).
In Cohort 1, there was no significant difference in phi between the
two volume groups (P = 0.081; Supplementary Table 3). However,
marginally significant differences in phi were found between
patients with PV <40 ml and >40 ml in Cohort 2 (P = 0.047;
Supplementary Table 4).

The association between phi-PV derivatives and PCa or clinically
significant PCa was also evaluated. In univariable logistic regression
(Table 1), both PHID and PHIV (another phi derivative, calculated
as phi/PV®®) were significantly associated with PCa and clinically
significant PCa in the two cohorts (all P < 0.001). Notably, PHID had

higher odds ratios (ORs) than phi when predicting PCa (OR,, . = 1.90,
ORPhi =1.02) and clinically significant PCa (OR,,, | = 1.43, ORPhi =1.01).
Similar results were observed in Cohort 2 for PCa (OR,, , = 1.63,
OR | =1.02) and clinically significant PCa (OR,,,,,= 1.37,OR | = 1.01).

Multlvarlable LR showed that age, phi, and PV were all mdependent
predictors for PCa and clinically significant PCa in both cohorts (all P
< 0.001; Table 2). To evaluate whether PV would provide additional
predictive value to phi, we established predictive models based on phi
or phi-related variables (%p2PSA and tPSA), PV, and age in Cohort 1
and then validated the models in Cohort 2. The four LR models (LR-1,
2, 3, and 4) were described as follows: (a) model LR-1/LR-2 predicted
PCa/clinically significant PCa using the variables of age, PV, and phi;
(b) model LR-3/LR-4 predicted PCa/clinically significant PCa using
the variables of age, PV, %p2PSA, and tPSA.

Comparisons of the AUCs among the phi-PV derivatives, models,
and phi are shown in Table 3 and 4. Briefly, the AUCs of PHID and
PHIV did not outperform phi for predicting PCa or clinically significant
PCa (Table 3 and 4; ROC curves, Supplementary Figure 2-4). Despite
the overfitting effect of the models in Cohort 1, all models in Cohort
2 did not outperform phi (all P > 0.05) for predicting either PCa or
clinically significant PCa. Similar results are shown in Supplementary
Table 5 when predicting PCa with GS >8. These results indicated that
PV would not provide additional predictive value to phi.

DISCUSSION

The objective of this study was to evaluate the association between
phi and PV and to determine whether PV would provide additional
predictive value to phi. We found that (1) p2PSA was significantly
associated with PV, while there was no association between phi
and PV, and (2) neither phi-PV derivatives (PHID or PHIV) nor
phi-PV multivariate models outperformed phi for predicting PCa or
clinically significant PCa. These results suggested that phi might not
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Table 1: Univariable logistic regression models for the prediction of prostate cancer/clinically significant prostate cancer (Gleason score >7) in

two cohorts

Variables Cohort 1 (n=595) Cohort 2 (n=1025)
OR (95% CI) P OR (95% Cl) P

For PCa
Age 1.06 (1.04-1.08) <0.001 1.06 (1.05-1.08) <0.001
PV 0.98 (0.97-0.99) <0.001 0.99 (0.99-1.00) 0.010
tPSA 1.05 (1.04-1.06) <0.001 1.04 (1.03-1.05) <0.001
%fPSA* 0.98 (0.97-1.00) 0.028 0.90 (0.88-0.92) <0.001
%p2PSA 1.05 (1.04-1.07) <0.001 1.14 (1.12-1.17) <0.001
PSAD* 1.03 (1.03-1.04) <0.001 1.02 (1.01-1.02) <0.001
phi 1.02 (1.01-1.02) <0.001 1.02 (1.02-1.02) <0.001
PHID 1.90 (1.65-2.18) <0.001 1.63(1.50-1.78) <0.001
PHIV 1.11 (1.09-1.14) <0.001 1.11 (1.09-1.14) <0.001

For clinically significant PCa (GS >7)
Age 1.05(1.03-1.08) <0.001 1.06 (1.04-1.08) <0.001
PV 0.99 (0.98-1.00) 0.004 1.00 (0.99-1.00) 0.072
tPSA 1.03 (1.02-1.04) <0.001 1.04 (1.03-1.04) <0.001
%fPSA* 0.99 (0.97-1.01) 0.183 0.90 (0.88-0.92) <0.001
%p2PSA 1.04 (1.02-1.05) <0.001 1.08 (1.07-1.10) <0.001
PSAD* 1.02 (1.01-1.02) <0.001 1.02 (1.01-1.02) <0.001
phi 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001
PHID 1.43 (1.32-1.55) <0.001 1.37 (1.29-1.45) <0.001
PHIV 1.06 (1.05-1.08) <0.001 1.06 (1.05-1.07) <0.001

541

“%fPSA and PSAD were transformed with per 1% change in case of inflated ORs. OR: odds ratio; PV: prostate volume; PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free PSA;
p2PSA: [-2]proPSA; PSAD: PSA density; phi: prostate health index; PHID: phi density; PHIV: phi/PV®%; PCa: prostate cancer; GS: Gleason score; Cl: confidence interval

Table 2: Multivariable logistic regression including age, prostate volume, and prostate health index for the prediction of prostate cancer/clinically

significant prostate cancer (Gleason score >7)

Variable Cohort 1 (PCa versus non-PCa) Cohort 2 (PCa versus non-PCa) Cohort 1 (GS >7 versus else) Cohort 2 (GS =7 versus else)
OR (95% CI) P OR (95% Cl) OR (95% ClI) P OR (95% CI) P
Age 1.07 (1.05-1.10) <0.001 1.06 (1.04-1.08) <0.001 1.06 (1.03-1.09) <0.001 1.05 (1.03-1.07) <0.001
PV 0.97 (0.95-0.98) <0.001 0.98 (0.97-0.99) <0.001 0.98 (0.97-0.99) <0.001 0.98 (0.97-0.99) <0.001
phi 1.01 (1.01-1.02) <0.001 1.02 (1.01-1.02) <0.001 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001

All variables were log-transformed before modeling. OR: odds ratio; PV: prostate volume; phi: prostate health index; PCa: prostate cancer; GS: Gleason score; Cl: confidence interval

be influenced by PV and adding PV might not provide additional
predictive value to phi.

A single-center study* demonstrated that PHID outperformed
phi in predicting clinically significant PCa. The highest discriminative
ability was observed for PHID in predicting clinically significant
disease (with an AUC of 0.84), which was significantly higher than
phi (AUC = 0.76). That study only included 118 men with elevated
PSA and negative DRE who underwent a phi test and prostate biopsy,
while all patients had a phi test in our study. In our multicenter
study, with a two-step external validation, PHID did not significantly
outperform phi for predicting PCa or clinically significant PCa. The
differences observed by Tosoian et al** might be due to its relatively
small sample size.

Based on our results, PV would not improve the predictive abilities
of phi, suggesting that regardless of PV, phi alone could independently
predict PCa and clinically significant PCa. Although the molecular
mechanisms are not clear, there are several assumptions that might
explain these results. First, p2PSA is considered a “prostate cancer-
specific antigen” rather than a prostate-specific antigen. One study®
showed that p2PSA had higher immunostaining in prostate tumor
tissues than in benign prostate tissues. Therefore, tumor volume rather
than PV would be a major factor for p2PSA value. Second, both tPSA

and fPSA have a positive linear association with PV. However, the
influence of PV might have been partially adjusted using tPSA**/fPSA.

There were several limitations of this study. First, the PVs were
all calculated through a transrectal approach (TRUS), which might
cause subjective error among different ultrasonologists. However, all
volumes of prostate were measured by skilled ultrasonologists, with
a minimum of 5 years of working experience in our study. A recent
study demonstrated that PHID appears to have greater predictive
performance than phi when prostate biopsies were guided by image
fusion of MR and transrectal ultrasound.?* However, we were not able
to perform similar analyses in the present study due to the lack of MRI
data from our study subjects. MR-TRUS fusion biopsy will be applied
in future studies to address this problem. Second, all medical centers
participating in the present study were located in Shanghai, a large city
in East China, which may cause selection bias. However, individuals all
over the country seek the services of these tertiary hospitals.

In conclusion, PV-based derivatives (both PHIV and PHID) and
correlative models do not improve the predictive abilities of phi for
both PCa and clinically significant PCa.
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Supplementary Table 1: Characteristics of Cohort 1 and 2 and comparison of each variable between cohorts

Variables Entire cohort (n=1620) Cohort 1 (n=595) Cohort 2 (n=1025) P
Median (range)
Age (year) 69 (62-74) 69 (62-76) 68 (62-74) 0.014
PV (ml) 41 (31-58) 42 (33-57) 41 (31-59) 0.045
tPSA (ng ml-?) 12.16 (7.29-26.60) 13.14 (7.60-30.62) 11.65 (7.08-25.51) 0.031
p2PSA (pg ml™) 21.68(12.43-58.30) 23.74 (13.21-84.89) 20.78 (12.02-48.44) 0.001
%fPSA 0.14 (0.10-0.20) 0.14 (0.10-0.21) 0.13(0.09-0.19) 0.121
%p2PSA 14.99 (9.70-24.00) 15.33 (10.28-25.61) 14.79 (9.47-22.6) 0.031
phi 46.35 (28.94-108.37) 48.45 (30.81-139.70) 44.73 (27.47-98.07) 0.009
# (%) of positive
PCa 692 (42.7) 255 (42.9) 437 (42.6) 0.930
PCa (GS >7) 539 (33.3) 193 (32.4) 346 (33.8) 0.587
PCa (GS >8) 287 (17.7) 102 (17.1) 185 (18.0) 0.645

PV: prostate volume; PSA: PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free PSA; p2PSA: [-2]proPSA; phi: prostate health index; PCa: prostate cancer; GS: Gleason score

Supplementary Table 2: Simple linear regression between serum
indices and prostate volume in entire cohort and two separate cohorts

Variables ~ Cohort n Coefficient (95% CI) R? P
tPSA 1 595 0.359 (0.107-0.611) 0.013 0.005
2 1025 0.501 (0.359-0.642) 0.045 <0.001
Entire 1620 0.469 (0.343-0.594) 0.032 <0.001
p2PSA 1 595 0.169 (-0.157-0.495) 0.002 0.309
2 1025 0.566 (0.382-0.751) 0.034 <0.001
Entire 1620 0.470 (0.307-0.633) 0.020 <0.001
fPSA 1 595 0.544 (0.299-0.789) 0.031 <0.001
2 1025 0.759 (0.629-0.889) 0.114 <0.001
Entire 1620 0.709 (0.591-0.827) 0.079 <0.001
phi 1 595  -0.195(-0.433-0.042) 0.004 0.107
2 1025 0.058 (-0.087-0.202) 0.0006 0.434
Entire 1620 -0.004 (-0.128-0.119) 3.0x10-° 0.944

PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free prostate-specific antigen;
p2PSA: [-2]proPSA; phi: prostate health index; Cl: confidence interval



Supplementary Table 3:

Characteristics of Cohort 1 and comparison of each variable hetween different groups by prostate volume

Variables Entire cohort (n=595) Volume (ml) P
<40 (n=275) >40 (n=320)
Median (range)
Age (year) 69 (62-76) 69 (60-75) 70 (63-77) 0.017
tPSA (ng ml-1) 13.14 (7.60-30.62) 12.11 (6.64-24.22) 14.34 (8.44-38.21) 0.003
p2PSA (pg ml-1) 23.74 (13.21-84.89) 21.87 (11.73-73.66) 25.73 (14.38-114.46) 0.062
%fPSA 0.14 (0.10-0.21) 0.13(0.09-0.18) 0.15(0.11-0.22) 0.001
%p2PSA 15.33(10.28-25.61) 18.53 (11.81-26.07) 13.58 (8.91-24.01) <0.001
phi 48.45 (30.81-139.70) 58.78 (32.93-136.53) 43.30 (30.19-146.57) 0.081
# (%) of positive
PCa 255 (42.9) 137 (49.8) 118 (36.9) 0.001
PCa (GS >7) 193 (32.4) 101 (36.7) 92 (28.8) 0.038
PCa (GS >8) 102 (17.1) 50 (18.0) 52 (16.3) 0.533

“Difference in continuous variables is evaluated by Mann-Whitney U-test, and categorical variables by Chi-squared test. PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free PSA;
p2PSA: [-2]proPSA; phi: prostate health index; PCa: prostate cancer; GS: Gleason score

Supplementary Table 4: Characteristics of Cohort 2 and comparison of each variable hetween different groups by prostate volume

Variables Entire cohort (n=1025) Volume (ml) P
<40 (n=500) >40 (n=525)
Median (range)
Age (year) 68 (62-74) 68 (61-73) 68 (63-74) 0.011
tPSA (ng ml-1) 11.65 (7.08-25.51) 10.68 (5.96-22.83) 12.48 (8.19-28.13) <0.001
p2PSA (pg ml-1) 20.78 (12.02-48.44) 18 (10.32-44.91) 23.23 (14.99-52.61) <0.001
%fPSA 0.13(0.09-0.19) 0.12 (0.08-0.16) 0.15(0.11-0.22) <0.001
%p2PSA 14.79 (9.47-22.6) 17.01 (11.18-24.42) 12.49 (8.61-21.21) <0.001
phi 44.73 (27.47-98.07) 49.75 (29.46-98.06) 42.35 (25.93-98.07) 0.047
# (%) of positive
PCa 437 (42.6) 239 (47.8) 198 (37.7) 0.001
PCa (GS >7) 346 (33.8) 188 (37.6) 158 (30.1) 0.011
PCa (GS >8) 185 (18.0) 92 (18.4) 93 (17.7) 0.775

“Difference in continuous variables is evaluated by Mann-Whitney U-test, and categorical variables by Chi-squared test. PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free PSA;
p2PSA, [-21proPSA; phi: prostate health index; PCa: prostate cancer; GS: Gleason score
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Original Cohort 1 in NaR. et al. (2014)

April 2012 to August 2013 at Huashan Hospital
April 2012 to August 2012 at Shanghai Cancer Center and Xinhua Hospital

635 patients who underwent prostate biopsy from three tertiary hospitals in Shanghai, China

Exclusion

Cohort 1 with complete data
N, = 595

Not eligible for modelling

Original Cohort 2in NaR. et al. (2017)

1538 patients who underwent prostate biopsy from four tertiary hospitals in Shanghai, China
August 2013 to December 2014 at Huashan Hospital, Shanghai Cancer Center, Xinhua Hospital and Changhai Hospital

Exclusion

Cohort 2 with complete data
N, = 1025

Supplementary Figure 1: Flowchart of study population enroliment based on inclusion and exclusion criteria.

Mo records of age n=19
No records of prostate volume n=20
Missing Data

Serum antigen data missing n=12
Not eligible for modelling

Mo records of age n=29
MNo records of prostate volume n =494
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Supplementary Figure 2: ROC curves of different measurements in a subset (tPSA 2-10 ng mi-) (1) for PCa in Cohort 1; (2) for PCa in Cohort 2; (3) for
PCa (GS >7) in Cohort 1; (4) for PCa (GS >7) in Cohort 2. PCa: prostate cancer; PSA: prostate-specific antigen; ROC: receiver operating characteristic;
GS: Gleason score.
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Supplementary Figure 3: ROC curves of different measurements in a subset (tPSA 10-20 ng ml-!) (1) for PCa in Cohort 1; (2) for PCa in Cohort 2; (3) for
PCa (GS >7) in Cohort 1; (4) for PCa (GS >7) in Cohort 2. PCa: prostate cancer; PSA: prostate-specific antigen; ROC: receiver operating characteristic;

GS: Gleason score.
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Supplementary Figure 4: ROC curves of different measurements in entire cohorts (1) for PCa in Cohort 1; (2) for PCa in Cohort 2; (3) for PCa (GS >7) in Cohort
1; (4) for PCa (GS >7) in Cohort 2. PCa: prostate cancer; ROC: receiver operating characteristic; GS: Gleason score.





