
Utility of Prostate-Specific Antigen Isoforms and
Prostate Health Index in the Diagnosis of
Metastatic Prostate Cancer
Govinda Nanjaiah Laxmana Raju1,2 Parineetha P. Bhat3 Siddavaram Nagini2

1Biochemistry Section, Laboratory Services, Apollo Hospitals,
Bengaluru, Karnataka, India

2Department of Biochemistry and Biotechnology, Annamalai
University, Annamalainagar, Tamil Nadu, India

3Department of Biochemistry, St. Peter's Medical College, Hospital
and Research Institute, Krishnagiri, Tamil Nadu, India

J Lab Physicians 2023;15:237–242.

Address for correspondence Parineetha P. Bhat, MBBS, MD,
Department of Biochemistry, St. Peter's Medical College, Hospital and
Research Institute, Dr. MGR Nagar, Near AERI Campus, Opp. SIPCOT-II,
Hosur, 635109, Krishnagiri, Tamil Nadu, India
(e-mail: drparibhat@gmail.com).

Keywords

► prostate cancer
► prostate health index
► prostate-specific

antigen
► PSA isoforms

Abstract Objective The current study was undertaken to investigate the utility of total
prostate-specific antigen (tPSA), its isoform [-2] proPSA (p2PSA), and prostate health
index (PHI) in the diagnosis of metastatic prostate cancer (PCa).
Materials and Methods This study was conducted from March 2016 to May 2019.
Eighty-five subjects who were diagnosed with PCa for the first time, following trans-
rectal ultrasound-guided prostate biopsy, were included in the study. The prebiopsy
blood samples were analyzed in Beckman Coulter Access-2 Immunoanalyzer for tPSA,
p2PSA, and free PSA (fPSA), and the calculated parameters included %p2PSA, %fPSA,
and PHI. Mann–Whitney’s U test was used as test of significance, and p-value less than
0.05 was considered statistically significant.
Results Of the 85 participants, 81.2% (n¼ 69) had evidence of metastasis, both
clinically and pathologically. The median tPSA (ng/mL), p2PSA (pg/mL), %p2PSA, and
PHI were significantly higher in the group with evidence of metastasis (46.5 vs. 13.76;
198.0 vs. 35.72; 3.25 vs. 1.51; 237.58 vs. 59.74, respectively). The sensitivity (%),
specificity (%), negative predictive value (%), and positive predictive value (%) to
diagnose metastatic PCa of tPSA at a cutoff of 20 ng/mL, PHI at a cutoff of 55, and
%p2PSA at a cutoff of 1.66 were 92.7, 98.5, and 94.2; 37.5, 43.7, and 62.5; 54.5, 87.5,
and 71.4; and 86.4, 88.3, and 91.5, respectively.
Conclusion Using tests such as %p2PSA and PHI in the standard armamentarium for
the diagnosis of metastatic PCa in addition to PSA will help in selecting the appropriate
treatment strategy, including active surveillance.
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Introduction

Prostate cancer (PCa), the second most frequently diagnosed
cancer accounting for more than 1.4 million new cases in
2020, and the fifth leading cause of mortality worldwide,
poses major challenges in prevention and management.1,2

Despite advances in diagnosis and treatment, the incidence
of PCa has seen a significant increase in recent years and is
the third most common cancer among Indian males.3,4

According to the report from the National Cancer Registry
Program, the cumulative risk of developing PCa is 1 in 125
with a projected incidence of 41,532 cases in 2020.3 Changes
in lifestyle, increased screening, and increase in life expec-
tancy are the major reasons for the rise in PCa incidence.5,6

In early stages, PCa can runan indolent course, emphasizing
the need to dissociate diagnosis from treatment and consider
active surveillance (AS) formenwith low-or intermediate-risk
disease.7 Hence, the major challenge in PCa treatment is to
detect high-risk individuals who could not be managed with
AS but require immediate aggressive treatment within the
window of curability.8 In this context, measurement of serum
total prostate-specific antigen (tPSA) plays a crucial role in the
diagnosis of high-risk PCa.9,10

The National Comprehensive Cancer Network (NCCN)
defines high-risk PCa as PSA greater than 20ng/mL or grade
group 4 or 5 or clinical T3a.11 The different treatment options
available forhigh-riskPCa include radical prostatectomy (RP),12

external beam radiotherapy (EBRT) with androgen deprivation
therapy (ADT) or EBRT plus brachytherapy and ADT,13,14 all of
which have their own benefits but may be associated with
posttreatmentunwarrantedeffectsonthequalityof life.Hence,
management of high-risk PCa involves making a choice be-
tween AS and all the available treatment options, and this is
usually a shared decision taken by the clinical team and the
patient/patient caregivers or family.Making this decisionbased
on only few variables such as PSA levels, biopsy findings, and
clinical stagingmay prove to be difficult. Hence, there is a need
for more multivariable approach using several informative
markers. This is the key for the development of newermarkers
for diagnosis of high-risk metastatic PCa.

In the blood, PSA is predominantly (70–90%) bound to
serum protease inhibitors, and around 10 to 30% exist in
free state—free PSA (fPSA).15 Among the fPSA forms, isoform
[-2] proPSA (p2PSA), primarily found in tumor extracts,8 plays
a key role in early detection and in the prediction of aggressive
disease.16 Consequently, the prostate health index (PHI) that
combines all the three forms of PSA (tPSA, fPSA, and p2PSA) to
give a single score using the formula: (p2PSA/fPSA)� √PSA)17

has been studied across the globe for its usefulness as a
diagnostic and prognostic test of PCa.8,17–19 In multiple pro-
spective international trials,17 PHI was shown to outperform
tPSA and fPSA measurements in early diagnosis of PCa. PHI is
also associatedwith an increase in Gleason score following RP,
hence useful as an additional test during AS.8,12,20

Although several studies across different ethnic groups in
various countries have unequivocally demonstrated the re-
liability of PHI for diagnosis of high-riskmetastatic PCa, there
is paucity of information with reference to the Indian popu-

lation. The current study was therefore undertaken to inves-
tigate the utility of measuring PSA, p2PSA (%p2PSA), and PHI
in the diagnosis of metastatic PCa.

Materials and Methods

The present study was performed between March 2016 and
May 2019, in a Joint Commission International accredited
Hospital in Bengaluru, Karnataka, India, whose laboratory ser-
vices were accredited by the National Accreditation Board for
Testing and Calibration Laboratories (NABL). The study protocol
was approved by the Institutional Ethics Committee Clinical
Studies (vide letter # 001/02-16 dated February 29, 2016).

Patient Selection and Evaluation
All consecutive patients (n¼85) diagnosed with adenocarcino-
ma of the prostate following a transrectal ultrasound-guided
prostate biopsy for the first time were included for the study
after obtaining informed written consent. Patients receiving
5-α-reductase inhibitors and those with previous history of
prostatic surgery for any prostatic condition were excluded
from this study. The diagnosis of adenocarcinoma of prostate
was done by a qualified oncologist based on detailed clinical
examination aswell as onhistopathological report that included
theGleason score and International Societyof Urological Pathol-
ogy(ISUP)gradeprovidedbyaqualifiedhistopathologist.Further,
metastasis was confirmed by the oncologist with the help of
diagnostic imaging scans such as magnetic resonance imaging
and ultrasound in addition to immunohistochemical analyses
using a targeted panel of antibodies. Based on thefinal diagnosis,
the study participants were divided into two groups: patients
presenting with metastasis (clinical stage T3 and above; ISUP
grade 4 and above) and those without evidence of metastasis.

Sample Collection
Blood samples were drawn prior to prostate biopsy using
standard aseptic precautions in red-topped blood collection
evacuated serum separator tubes manufactured by Becton
Dickenson Company, as specified by the kit manufacturer.
Samples were allowed to clot at room temperature and cen-
trifuged at 3,500 rpm for 10minutes. The sera were analyzed
for tPSA immediately and the remaining sera aliquoted, la-
beled, and stored at�80°C until analysis for other parameters.

Biochemical Analysis
Upon confirmation of diagnosis of adenocarcinoma, the sera
of the study subjects were used for the estimation of fPSA
(pg/mL) and p2PSA (pg/mL) in Beckman Coulter Access-2
Immunoanalyzer using Access Hybritech p2PSA reagents
(Beckman Coulter, Inc.). The prebiopsy tPSA (ng/mL) values
were used to calculate the following:

1. %p2PSA was calculated using the formula (p2PSA/
fPSA)�100.

2. %fPSA was calculated using the formula (fPSA/
tPSA)�100.

3. PHI was calculated using the formula ([p2PSA/fPSA]
�√tPSA).17
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The biochemical parameters were analyzed as per the
manufacturer’sguidelines. TheBeckmanCoulterAccessHybri-
tech tPSA, p2PSA, and fPSA assays are all two-site chemilumi-
nescent immunoenzymatic (sandwich) assays used for the
quantitative determination of the respective parameter.21,22

Internal quality controls and external quality assurance pro-
gramswere run toensure thequalityof the test results. Trilevel
quality controls fromBiorad Companywere used for tPSAon a
daily basis and on sample processing day for fPSA, whereas for
p2PSA, three levels of kit controls provided by Beckman
Coulter were run on the day of analysis. A standard deviation
of�1was considered tobe acceptable. In-house precisionwas
done prior to analysis as per the guidelines of the Clinical and
Laboratory Standards Institute. The coefficient of variation for
all the analytes was less than 5%.

Statistical Analysis
The data were analyzed using SPSS version 22. Categorical
data are presented in the form of frequencies and percen-
tages. Continuous data are presented as mean and standard
deviation or as median with interquartile ranges. Mann–
Whitney’s U test was used as test of significance to identify
themean differencebetween two quantitative variableswith
skewed distribution.23 A p-value of less than 0.05 was
considered to be statistically significant.

Results

Of the 85 patients, 81.2% (n¼69) presented (identified) with
evidence of metastasis and the remaining (n¼16) did
not show any evidence of metastasis at the time of diagnosis
of PCa.

The distribution of the patients in different age groups is
given in ►Table 1. The age group of 71 to 80 years had
maximum cases of metastasis accounting for 40.5% of the
total 69 cases of metastatic PCa. Interestingly, this age group
has also recorded maximum cases of nonmetastatic PCa
accounting for 50% of this cohort (►Table 1).

The median tPSA (ng/mL), p2PSA (pg/mL), %p2PSA, and
PHI values in all the quartiles were significantly higher in the
group with evidence of metastasis. The median %fPSA values
in all quartiles was significantly lower in the group which
showed evidence of metastasis (►Table 2).

The validity indicators, namely, sensitivity, specificity,
negative predictive value (NPV), and positive predictive
value (PPV) were calculated for the ability of the tests to Ta
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Table 1 Agegroupdistributionof the subjects in the study cohort

Age (y) With metastasis No evidence of metastasis

51–60 8 (11.5%) 2 (12.5%)

61–70 23 (33.3%) 4 (25%)

71–80 28 (40.5%) 8 (50%)

> 80 10 (14.4%) 2 (12.5%)

Total 69 16
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diagnose metastatic high-risk PCa in comparison to the
histopathological and imaging studies which acted as the
gold standard based onwhich the presence ofmetastasis had
been confirmed (►Table 3).

In our study, when we used a cutoff value of 20ng/mL for
tPSA based on the NCCN criterion for diagnosis of high-risk
PCa,11 tPSA had a sensitivity of 92.7% and specificity 37.5%
with NPV of 54.5% and PPV of 86.4% for diagnosis of meta-
static PCa.

For PHI, when 55 was considered as cutoff based on
previous studies,24 PHI had a sensitivity of 98.5% and speci-
ficity of 43.7%, while NPV was 87.5% and PPV was 88.3% for

diagnosis of metastatic PCa. The area under the receiver
operating curve (AUC)was 0.892with p-value less than 0.001
(►Fig. 1). The Youden index J was 0.69 when the criterion of
PHI greater than 90.16 was used with a sensitivity of 87.06
and specificity of 82.2 with 95% confidence interval (CI) of
78.0 to 93.4 and 78.1 to 85.8, respectively.

When we used a threshold value of 1.66 for %p2PSA,25 it
had a sensitivity of 94.2% and a specificity of 62.5% with NPV
of 71.4% and PPV of 91.5%. The AUC for %p2PSA is shown
in ►Fig. 2. The AUC was 0.828 with a p-value of less than
0.001. The Youden index was found to be 0.60 when the
criterion of %p2PSA greater than 2.56 was used with a

Table 3 Validity indicators and 2� 2 contingency tables for tPSA at a cutoff value of 20 ng/mL, PHI at a cutoff value of 55, and %
p2PSA at a cutoff value of 1.66

Metastasis No evidence of metastasis Total Sensitivity% Specificity% NPV% PPV%

tPSA (ng/mL)

� 20 5 (FN) 6 (TN) 11 92.7 37.5 54.5 86.4

> 20 64 (TP) 10 (FP) 74

Total 69 67 85

PHI

� 55 1 (FN) 7 (TN) 8 98.5 43.7 87.5 88.3

> 55 68 (TP) 9 (FP) 77

Total 69 16 85

%p2PSA

< 1.66 4 (FN) 10 (TN) 14 94.2 62.5 71.4 91.5

� 1.66 65 (TP) 6 (FP) 71

Total 69 16 85

Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PHI, prostate health index; p2PSA, isoform [-2] proPSA; PPV,
positive predictive value; TN, true negative; TP, true positive; tPSA, total prostate-specific antigen.

Fig. 1 Area under the receiver operating curve (AUC) for prostate
health index (PHI).

Fig. 2 Area under the receiver operating curve (AUC) for percentage
of isoform [-2] proPSA (%p2PSA).
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sensitivity of 77.65 and specificity of 82.68 with 95% CI of
67.3 to 86.0 and 78.7 to 86.2, respectively.

Discussion

The purpose of this study was to investigate the utility of
estimating PSA isoforms and PHI in the diagnosis of meta-
static high-risk PCa, in a cohort of Indian population. Major-
ity of the patients in our study showed evidence of
metastasis and the medical records of these patients
revealed that the sites of metastasis include regional lymph
nodes, bone, distant lymph nodes, lungs, and liver in
descending order of frequency. Most of these patients
belonged to the age group 71 to 80 years similar to findings
documented in the literature.2

All the biomarkers evaluated in this study were signifi-
cantly elevated in the group which showed evidence of
metastasis. Previous studies26,27 have shown that among
the PSA isoforms, the production of p2PSA is selectively
increased in cancer and is significantly associated with
high-grade PCa at RP, and that higher %p2PSA may be
regarded as a diagnostic marker for clinically significant
PCa.28 In our study, %p2PSA was significantly increased in
patients who displayed evidence of metastasis when com-
pared with patients without metastasis. Moreover, %
p2PSA with a cutoff of 1.66 turned out to be a better
marker both in terms of sensitivity and specificity for
metastatic PCa when compared with tPSA and PHI
(►Table 3). In a previous meta-analysis study,26 which
showed that %p2PSA along with PHI could detect more
aggressive PCa at the initial prostate biopsy, the AUC for %
p2PSA was 0.54. We speculate that a value of 0.82 for the
AUC of %p2PSA obtained in the present study could be
because majority of the patients presented with metasta-
sis and for the same reason, the %p2PSA turned out to be a
better biomarker in terms of specificity of metastatic PCa
than tPSA and PHI.

The PHI developed by Beckman Coulter, Inc. is a mathe-
matical formula and uses three biomarkers, p2PSA, fPSA, and
tPSA to give an index number. Although the PHI test has
regulatory approval inmore than 50 countriesworldwide, its
use in India is limited and used sparingly for either screening
or in predicting the aggressiveness of PCa.27 Discrepancies
exist between clinical cancer staging and pathological stag-
ing.29 There are few studies which have used PHI in this
clinical context, but some studies have shown that among
patients with biochemical recurrence, p2PSA and PHI were
significantly higher in men with metastatic PCa compared
with those without clinical metastasis.17,29 In our study also,
PHI was significantly elevated in patients presenting with
metastasis compared with those without any evidence of
metastasis.

There has been no consensus on the most appropriate
cutoff value for the %p2PSA and PHI in cancer detection or for
predicting clinically significant PCa due to the use ofdifferent
study designs.30 So,whenweused a threshold of 30 for PHI as
recommended for Asian population,31 the specificity of PHI
in our study decreased to 25%,with 98% sensitivity and hence

according to our study results, a cutoff value of 55 for PHI as
recommended worldwide would be better suited for Indian
population. When compared with tPSA, PHI was more spe-
cific at this cutoff value and may be useful as an adjunct
marker for risk stratification at initial diagnosis and in
predicting the possibility of metastasis.

This study, which is one of its kind performed among the
Indian population adds to the information that is available on
%p2PSA and PHI besides underscoring the potential utility of
these novel biomarkers in understanding the impact of age,
ethnicity, and extent of disease. However, this study is
relatively small sized, and there are limitations to generalize
the findings to the entire population. Future studies are
necessary to further evaluate %p2PSA and PHI for their
biological reference ranges and validate their role with
appropriate cutoff values in the management of more ad-
vanced disease.

Conclusion

Since many treatment options are available including AS for
themanagement of PCa especially when there is a possibility
of metastasis, using a multimodal approach to take treat-
ment decisions will be useful rather than based on only
pathological and clinical staging. Using many noninvasive or
minimally invasive tests such as %p2PSA and PHI as a part of
the standard armamentarium will give additional informa-
tion that will help in the decision-making process for treat-
ment selection for PCa.
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