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Purpose: To determine the clinical significance and correlation between the Prostate Health Index (PHI) and Gleason score in pa-
tients with a prostate-specific antigen (PSA) value of 2.5-10 ng/mL.

Materials and Methods: This retrospective analysis included 114 patients who underwent biopsy after completion of the PHI
from November 2018 to July 2019. Various parameters such as PSA, PHI, PSA density, free PSA, p2PSA, and %free PSA were col-
lected, and correlations with biopsy Gleason score and cancer detection rates were investigated.

Results: Baseline characteristics were comparable between PHI groups (0-26.9 [n=11], 27.0-35.9 [n=17], 36.0-54.9 [n=50], and
>55.0 [n=36]). A total of 37 patients (32.5%) were diagnosed with prostate cancer, and 28 (24.6%) were diagnosed with clinically
significant prostate cancer (CSPC, Gleason score >7) after prostate biopsy. The cancer detection rate gradually increased with a cor-
responding increase in the PHI (18%, 24%, 30%, and 44%, respectively). The same pattern was observed with detecting CSPC (0%,
18%, 26%, and 33%, respectively). There was no CSPC in the groups with PHI <27.0, and Gleason score 7 began to appear in groups
with PHI >27.0. In particular, patients with Gleason score 8 and 9 were distributed only in the groups with PHI >36.0.

Conclusions: The diagnostic accuracy of detection of CSPC could be increased when prostate biopsy is performed in patients with
a PHI =36.0. In this study, there was a clear Gleason score difference when the PHI cutoff value was set to 27.0 or 36.0.
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prevalent cancer in males [2]

INTRODUCTION

Some research has indicated concerns for overdiagnosis

Prostate cancer is the most common cancer in the United  [3], which could be related to diagnosis and treatment based

States, and there were an estimated 174,650 new cases (20%
of total male cancer) in 2019 [1] Prostate cancer is the sec-
ond most common cause of cancer-related death (31,620/year,
10% of total) in the United States. In Korea, prostate cancer
has the fourth-highest incidence rate and is the third most

on the measurement of prostate-specific antigen (PSA) [4]
Furthermore, as of 2012 the US. Preventive Services Task
Force does not recommend prostate biopsies based on PSA
screening, and they recommended in 2018 that PSA be mea-
sured only periodically in men aged 55 to 69 years [5,6]
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The Prostate Health Index (PHI) is a biomarker ap-
proved by the US. Food and Drug Administration since
2012, and the PHI, [-2]proPSA, and %free PSA have been
reported as being more accurate tools than PSA [78] There
have been various reports on the PHI [9,10], since a large ob-
servational cohort study revealed the usefulness of the PHI
for prostate cancer diagnosis [11] Although the clinical ben-
efits of the PHI have been reported in relation to detecting
clinically significant prostate cancer (CSPC), and reducing
unnecessary biopsies, only a limited number of papers have
addressed the correlation between diagnosis and the Gleason
score (G/S). Moreover, in our literature search, none of the
articles analyzed the PHI by group in comparison with G/S
distribution.

Regarding the cutoff value of PSA, various values such
as 25, 30, and 4.0 ng/mL are used, depending on the hospital.
Samsung Medical Center set 25 ng/mL as the cutoff value
because our prior study demonstrated that PSA values of
2540 and 4.0-100 ng/mL were not significantly different
for prostate cancer detection or pathological findings [12]
In addition, there were no pathologic differences in G/S or
rates of CSPC in the radical prostatectomy specimens with
PSA of 25 to 40 and 4.0 to 100 ng/mL [13] We conducted the
present study to determine the clinical significance and cor-
relation between G/S and PHI in patients with PSA values
of 25 to 100 ng/mL.

MATERIALS AND METHODS

1. Study population

The Institutional Review Board of Samsung Medical
Center approved this study (approval number: 2019-08-019).
After receiving institutional review board approval, we
reviewed 403 patients who underwent PSA and PHI tests
from November 2018 to July 2019 in our hospital to inves-
tigate the usefulness of PHI for diagnosing prostate cancer
(Fig. 1).

Patients with a PSA value between 25 and 100 ng/mL
were included. Thirty-five patients who had PSA values
below 25 ng/mL and 54 patients who had values above 100
ng/mL were excluded from the analysis. Of 134 patients who
underwent prostate biopsy, 20 patients in whom the PHI
was calculated after biopsy were excluded through a chart
review because the effect of prostate biopsies on the PHI is
unknown.

Finally, 114 patients in whom the PHI and PSA were
measured in the outpatient clinic and who were clinically
determined to require a prostate biopsy were included in the
analysis. Namely, all specimens were collected before an ini-
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tial prostate biopsy. None of the patients in whom the PHI
was calculated took 5-alpha reductase inhibitors and none
had associated bacterial prostatitis.

2, Study design

Various parameters were collected for each patient, in-
cluding PSA, PHI, PSA density (PSAD), free PSA, p2PSA,
and %free PSA. Correlations between these parameters
and biopsy results were investigated, which included the G/
S, cancer detection rate, and CSPC detection rate. We di-
vided the PHI into four groups (0-269, 270-359, 36.0-549,
and >550) on the basis of criteria outlined by White et al.
[14] The PHI was calculated using the method (p2PSA/free
PSA)xvtotal PSA in accordance with the Beckman-Coulter
Prostate Health Index formula. In addition, the sensitivity,
specificity, false-positive rate, and false-negative rate for the
diagnosis of prostate cancer and CSPC were compared in
each group using parameters such as PSA, PHI, PSAD, and
%free PSA. The diagnostic value and cutoff level for PSA,
PHI, and PSAD were determined by using multivariable re-
ceiver operating characteristic (ROC) curve analysis.

3. Statistical analysis

All results are presented as a number with percent,
mean with standard deviation, or median with interquartile
range. We used the Kolmogorov-Smirnov test to analyze
continuous variables for normality. The independent t-test
and Mann-Whitney U-test were used to analyze descriptive
variables. To determine if there was a correlation between
the PHI and the detection rate of cancer and CSPC (Gleason
score>7), a linear polynomial trend model was used. Statisti-
cal analysis was executed using R ver. 351 (R Core Team,
Vienna, Austria).

403 Patients
with PSA and PHI

89 Excluded:
PSA >10.0 ng/mL or
<2.5 ng/mL

314 Patients
with PSA 2.5-10.0 ng/mL

180 Excluded:
Prostate biopsy not

performed
134 Patients
with prostate biopsy
20 Excluded:
PHI was measured
after biopsy

114 Patients
included

Fig. 1. Patient inclusion flow chart. PSA, prostate-specific antigen; PHI,
Prostate Health Index.
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Table 1. Baseline demographics
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Variable PHI
0-26.9 (n=11) 27.0-35.9 (n=17) 36.0-54.9 (n=50) 255.0 (n=36) p-value

Age (y) 66.0 (62.5-68.0) 63.0 (54.0-67.0) 62.5 (59.0-69.0) 62.0 (55.5-67.0) 0.451
BMI (kg/m’) 26.7+2.7 25.942.1 245+1.9 25.5+2.9 0.453
PSA (ng/mL) 4.9 (3.8-5.5) 5.3(4.2-6.3) 4.8(3.7-6.8) 6.7 (5.1-8.3) 0.014
PHI 22.7 (20.2-24.1) 32.2(29.6-34.1) 42.7 (38.9-47.0) 70.2 (61.4-80.5) <0.001
Prostate size (mL) 40.3(34.7-75.2) 46.9 (32.7-54.6) 35.3(27.4-54.5) 29.0 (24.5-50.1) 0.040
Total biopsy core 11.8+0.6 12.1£0.2 15.6+8.4 16.1+7.6 0.022
Target biopsy core 0.4+1.2 0.6+1.6 1.2+1.8 0.6+1.2 0.775
MRI findings (n=46)

PI-RADS 3.0+1.4 3.6+0.9 3.1+1.0 3.2+1.6 0.957

ECE 0(0.0) 0(0.0) 0(0.0) 3(8.3) 0.243
Biopsy method 0.052

Transrectal 11(100.0) 17 (100.0) 41(82.0) 27 (75.0)

Transperineal 0(0.0) 0(0.0) 9(18.0) 9(25.0)
Free PSA 0.8 (0.5-0.9) 0.9 (0.6-1.3) 0.8(0.5-1.2) 0.7 (0.5-1.2) 0.830
P2PSA .6 (5.3-9.0) 12.8 (6.6-16.9) 14.7 (8.6-19.6) 19.7 (13.1-27.7) <0.001
%free PSA 130(101 17.5) 18.0 (8.0-21.0) 14.5 (8.0-18.0) 10.5 (6.5-13.0) 0.041
Biopsy times 0.344

Initial 10(90.9) 14 (82.4) 36 (72.0) 24 (66.7)

Repeat 1(9.1) 3(17.6) 14 (28.0) 12 (33.3)

Values are presented as median (interquartile range), meanzstandard deviation, or number (%).
PHI, Prostate Health Index; BMI, body mass index; PSA, prostate-specific antigen; MRI, magnetic resonance imaging; PI-RADS, Prostate Imaging

Reporting and Data System; ECE, extracapsular extension.

RESULTS

Table 1 shows the baseline characteristics and age of the
patients. Body mass index was comparable between the PHI
groups (0—269 [n=11], 27.0-359 [n=17], 36.0-54.9 [n=50], and
>550 [n=36]). A total of 98 of 114 patients (86.0%) underwent
measurement of PHI and PSA on the same day, with an
average difference of 1.6 days. Of the total cases, 96 were
transrectal biopsies (84.2%) and 18 were transperineal biop-
sies (158%). On average, 120 cores (range, 9-14) were obtained
during transrectal biopsy, and 30.3 cores (range, 24-38) dur-
ing transperineal biopsy. A total of 37 patients (325%) were
diagnosed with prostate cancer and 28 (24.6%) with CSPC
after prostate biopsy.

The cancer detection rate gradually increased with PHI
group (18%, 24%, 30%, and 44%, respectively, Fig. 2, p=0.052).
The same pattern was observed for the detection of CSPC
(0%, 18%, 26%, and 33%, respectively) with statistical signifi-
cance (p=0022). There was no CSPC in the group with PHI
<2170.

As the PHI increased, the ratio of high G/S also in-
creased (Fig. 3). G/S 7 began to appear in groups with PHI
>270, particularly for G/S 8 and 9 patients, who were dis-
tributed only in the groups with PHI >36.0. The ratio of G/S
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Fig. 2. Prostate cancer detection rate by PHI group. PHI, Prostate
Health Index; CSPC, clinically significant prostate cancer.

9 was highest in the group with PHI >550 (24%).

The sensitivity, specificity, false-positive rate, and false-
negative rate for the detection of cancer were calculated for
PSA, PHI, PSAD, and %free PSA (Supplementary Table 1).
The results indicated acceptable (84%) sensitivity based on a
PHI >360 and PSA >25.
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G/S
= 6
= 7
8
/= 9
p=0.022
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0-26.9 27.0-359  36.0-54.9 >55.0
(n=11) (n=17) (n=50) (n=36)

PHI

Fig. 3. Gleason score distribution by PHI group. G/S, Gleason score;
PHI, Prostate Health Index.

The single PSA, PHI, and PSAD parameters in the uni-
variate ROC analysis had a low detection rate of CSPC (Sup-
plementary Fig. 1), but an optimal cutoff value (PHI=40.7,
PSA=2.87, PSAD=01) was shown in the multivariable ROC
analysis (area under the curve, AUC=0681). The analysis
showed a higher diagnostic value for CSPC when consider-
ing various parameters such as PSA, PHI, and PSAD.

If the biopsy criterion was based on a PSA >25 and PHI
>270, the total number of biopsies could be reduced by 96%
compared with a single PSA value of 25 (103/114), and 24.6%
if the criteria were PSA >25 and PHI >360 (86/114) in our
study. If PHI >270 is used with PSA >25 as criteria, the can-
cer detection decreased 54% (2/37) and the detection of CSPC
decreased 0% (0/28). If PHI >360 was used with PSA, cancer
detection decreased by 162% and CSPC detection by 10.7%.

DISCUSSION

We conducted this study to investigate the usefulness
of correlating PHI results with biopsy examinations includ-
ing G/S. As the PHI increased, the detection rate of prostate
cancer and CSPC also showed a gradual increase. A PHI cut-
off of 27 served as a boundary with a G/S of 7, and a PHI of
36 was a boundary for G/S 8 and 9 in our study. The study
demonstrated that the PHI is an effective tool for assess-
ing patients with PSA levels between 25 and 10 ng/mL. Of
course, this study was a relatively small-sized study, so there
are limitations to generalizing our findings. In a previous
study, detection rates of CSPC ranged from 29% to 34% with
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PHI cutoffs of 20 to 40 [15] However, with careful recom-
mendation, because no CSPC was detected in patients with
a PHI <270, biopsy could be omitted in those patients. If the
PHI is 36,0 or higher, biopsy should be considered because
there is a 20% probability of cancer with G/S 8 or higher.
Values of PSA 287, PHI 40.7, and PSAD 01 were determined
to be optimal cutoffs for the detection of CSPC. Similar to
our study, Tan et al. [16] suggested considering biopsy with
PHI, PSAD, and PI-RADS (Prostate Imaging Reporting and
Data System) >3 lesions on magnetic resonance imaging
(MRI).

Many reports have discussed the usefulness of the PHI,
particularly for specific patient groups. First, de la Calle
et al. [15] reported that the PHI is effective in biopsy-naive
populations. Second, a prospective study indicated that the
PHI is significantly more accurate in obese men, who were
previously shown to have a higher risk for aggressive pros-
tate cancer [17] Third, Abrate et al. [17] suggested that the
PHI and %p2PSA are more accurate than a standard PSA
test in men under 60. Fourth, correlations between the total
tumor volume (>05 cc) and the extracapsular extension af-
ter radical prostatectomy with PHI have also been evaluated
[18] Finally, in the patient group with PSA of 16-80 ng/mlL,
PHI was more useful than total PSA or %freePSA, regard-
less of an initial or repeat biopsy setting [19] Additional re-
search focused on the accuracy of PHI is ongoing, and some
authors have hypothesized that PHI will gradually replace
PSA [20] Recently, proposals for a better cost-benefit strat-
egy have suggested that the PHI is much more economical
than a total PSA-based strategy [21] In addition, a large-
volume, multicenter study reported that the PHI is more ef-
fective for cancer detection than PSA in both European and
Asian settings [22] Further, there could be a potential asso-
ciation of the PHI with mpMRI (multiparametric MRI) that
could represent a promising combination that would change
preoperative therapeutic decisions in selective patients with
prostate cancer.

There is currently no clear consensus about a PHI cutoff
criterion. In our study, cutoffs of 27, 36, and 55 were used,
but other studies have reported cutoffs of 35 and 38 and
have even suggested 459 [20,23,24] Some authors have ar-
gued that a single cutoff criterion cannot accurately predict
the risk for prostate cancer and that multiple factors should
be used, taking age, prostate volume, and PHI into account
(25}

In addition, although our study covered only patients
with PSA values between 25 and 10 ng/mL, two other stud-
ies have indicated that PHI was more useful than PSA for
diagnosing prostate cancer and the studies reported high-
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grade conditions even in the patient population with PSA
>10 ng/mL [26,27] We believe that there will be continuous
reporting on the value of PHI and that more accurate and
sensitive cutoff values will be defined.

Additional studies have focused on other diagnostic
parameters. For example, the TK1 protein was reported to
be an important factor for diagnosing prostate cancer with
consideration of other parameters such as total PSA, free
PSA, PSAD, and PHI [28] It is expected that additional vari-
able parameters will be identified in the future to enhance
diagnostic accuracy and prostate cancer treatment.

Consideration of cost-effectiveness is also needed. In
Korea, it costs 1295 dollars for a PSA test and 2068 dollars
for a PHI test. In addition, in most hospitals, PSA can be ex-
amined on the same day, but results on the PHI take about
2 to 3 days. In this study, the AUC of the PHI was found
to be lower than that of PSAD and, even considering PHI,
PSA, and PSAD, the AUC was significantly lower at 0.681
(Supplementary Fig. 1). Therefore, it may be beneficial to
consider PSAD more actively when considering cost.

There were some limitations to this study. First, it had
a retrospective study design, which limits patient selection,
regardless of inclusion and exclusion criteria. Second, tran-
srectal and transperineal biopsy patient data were collected
together, and mpMRI was not routinely carried out before
biopsies. Third, the PHI is not in use worldwide as a reflex
test and is in fact mostly used in the research setting rather
than in clinical practice. Fourth, we did not consider several
clinical conditions (ie., chronic renal disease, hemophilia,
marked alterations in blood protein levels) that could alter
the concentration of fPSA and, consequently, of p2PSA, as
p2PSA is the molecular isoform of fPSA. Although many
papers have reported that the PHI can help in CSPC detec-
tion, or reduce unnecessary biopsies, not many articles have
addressed the correlation with G/S. Moreover, only a few
papers, including this study, have examined G/S distribu-
tions by PHI group. Further, we believe that there is benefit
to using a blood test like the PHI that might be cheaper
and more practical than other more sophisticated tests (ie,
genomic tests) and that does not require vigorous rectal ex-
amination (like PCA3). Therefore, this analysis contributes
a unique perspective in this field, and additional studies are
needed to further assess these results with a larger patient
population.

CONCLUSIONS

In summary, the detection rate of CSPC could be in-
creased when prostate biopsies are performed in patients
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with PHI >360. When the PHI cutoff value was set to 270
and 360, the G/S difference for each respective group was
clear. These results suggest that the PHI is an appropriate
tool that can be used as a criterion for biopsy, particularly in
patients with a PSA value between 25 and 10 ng/mL.
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