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Abstract
Objectives: We investigated the diagnostic efficacy of the 
prostate health index (PHI) and PHI density (PHID) to avoid 
unnecessary prostate biopsies in 3 urological practices. 
Methods: In 122 patients, total prostate-specific antigen 
(PSA), free PSA (f-PSA), the quotient from total PSA and f-PSA 
(f-PSA%), and [–2]pro-PSA were measured in the serum; PHI, 
PHID, and PSA density (PSAD) were calculated prior to pros-
tate biopsy. Tissue sampling via transrectal biopsy was indi-
cated in case of suspicious PSA (progression and/or eleva-
tion of PSA) and/or suspicious digital rectal examination. 
PSAD, PHI, and PHID were not used for biopsy indication. The 
diagnostic efficacy was determined with receiver-operating 
characteristic (ROC) and decision curve analyses. Results: 

Based on prostate biopsies, 38% (n = 46) of the cases had no 
prostate carcinoma (PCa), 21% (n = 26) no clinically signifi-
cant (insignificant) PCa, and 41% (n = 50) had clinically sig-
nificant PCa. ROC analyses of the PSA parameters showed 
higher diagnostic efficacy for PHI and PHID (AUC 0.722 and 
0.739) than for f-PSA%, PSA, and PSAD (AUC 0.612, 0.595, and 
0.698, respectively) regarding carcinoma diagnosis. With a 
combined use of PHI and PHID (cutoff > 40 and > 0.9, respec-
tively), only 1 clinically significant PCa would have been 
missed (sensitivity 98%); in 24 (20%) patients, biopsy could 
have been avoided. Conclusion: The integration of PHI and 
PHID could improve the diagnostic efficacy of risk calcula-
tors to avoid unnecessary prostate biopsies. However, as a 
prerequisite, validation of cutoff values in prospective stud-
ies is urgently required. © 2020 S. Karger AG, Basel
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Introduction

According to the current S3 guideline in Germany, a 
prostate biopsy should be conducted at a prostate-specific 
antigen (PSA) elevation of > 4 ng/mL (after conduction of a 
control measurement and considering influencing factors) 
in the early detection of prostate carcinoma (PCa) [1].

The results of the ERSPC (European Randomized 
Study of Screening for Prostate Cancer) showed that of 
16,600 screened patients, a prostate biopsy is conducted 
in 3,104 patients, and only in approximately 25% of these 
patients a carcinoma is found [2].

That means that in 75% of the cases, an invasive proce-
dure with potential risks such as bleeding, infection, intes-
tinal injury, and pain is conducted unnecessarily in unaf-
fected men. Searching for a way out of this diagnostic di-
lemma, based on recent study data on questionable PSA 
elevation, German and European guidelines recommend 
the additional use of multiparametric magnetic resonance 
imaging (mpMRI) of the prostate and the use of validated 
nomograms prior to a planned prostate biopsy. The Euro-
pean Organization for Research and Treatment of Cancer 
(EORTC) recommends the risk calculator (RC) of the 
Prostate Cancer Research Foundation (SWOP) as such a 
nomogram [3]. Besides PSA, prostate volume, digital rectal 
examination (DRE), and age, the RC can be optimized by 
including mpMRI results and the prostate health index 
(PHI). For several years now, PHI has been recommended 
as an additional marker in the early diagnosis of PCa, es-
pecially in case of PSA elevations between 2 and 10 ng/mL. 
In addition to total PSA (t-PSA) and free PSA (f-PSA), PHI 
also includes [–2]pro-PSA, which results in a significantly 
higher diagnostic efficacy than the individual parameters 
[4, 5]. Based on retrospective data analysis, the present 
work examines the benefit of PHI and the recently sug-
gested PHI density (PHID = PHI  divided by the prostate 
volume) [6] in the daily routine of urological practices. 

Materials and Methods

Between 2012 and 2018, prostate biopsies were conducted in 
122 consecutive patients in 3 urological practices in Berlin based 
on a suspicious PSA (progression and/or elevation of PSA) and/or 
suspicious DRE.

The results of DRE were abnormal in 12% of the patients. Pri-
or to the planned prostate biopsy, t-PSA, f-PSA, and [–2]pro-PSA 
were measured in serum followed by the calculation of PHI, 
PHID, and PSA density (PSAD) for all patients. PSA values were 
measured with the standard laboratory device UniCel DxI 600 
 access immunoassay system (Beckman Coulter, Hybritech meth-
od). Since [–2]pro-PSA and f-PSA is relatively unstable in com-

parison to t-PSA, all blood samples collected were centrifuged 
about 10 min after clotting and separated into serum at least with-
in 1 h after blood sampling. Serum was kept at 4  ° C until processed 
for analysis, which usually took place immediately or at least with-
in 24 h. All measurements were performed on one machine.

The median t-PSA value was 6.81 ng/mL (1.91–82.9 ng/mL). 
The median age of the patients was 65 years (41–81 years). The 
median prostate volume was 37 cm3 (14–190 cm3). PHI was calcu-
lated as follows: 

PHI = [–2]pro-PSA/f-PSA × √t-PSA. 

Analogous to the calculation of PSAD, PHID was calculated as 
follows: 

PHID = PHI/prostate volume.

The correlation of serum markers with pathological findings was 
determined using Spearman rank correlation (Spearman’s ρ) and the 
significance test as in Meng et al. [7]. Moreover, receiver-operating 
characteristic (ROC) curve analyses were imputed. In addition, deci-
sion curve analysis was performed as described earlier [8]. Decision 
curve analysis identifies the range of threshold probabilities and their 
benefit, i.e., where the model or biomarker is of value [9].

Biopsies were collected as outpatient procedure using antibiosis 
and local anesthesia. The procedure was supplemented by trans-
rectal ultrasound. Depending on the prostate size, 10–14 tissue 
samples were collected per patient. Histological examination was 
performed at the pathological institute associated with the respec-
tive practice. 

Results

In 46 prostate biopsies (38%), no evidence for PCa was 
found. In 26 (21%) patients, clinically insignificant (Glea-
son = 3 + 3) PCa was diagnosed. In 50 (41%) of the 122 
biopsied patients, clinically significant (Gleason > 3 + 3) 
PCa was detected.

Results of t-PSA, f-PSA%, PSAD, PHI, and PHID mea-
surements, calculations (median, mean, min, and max), 
and descriptive data (age and prostate volume) of the co-

Table 1. Age, prostate volume, PSA, PSAD, PHI, PHID, and f-PSA%  
of the study patients (n = 122)

Parameter Median Mean Min Max

Age, years 65 65.41 41 81
Prostate volume, cm3 37 46.66 14 190
PSA, ng/mL 6.81 9.55 1.91 82.9
PSAD 0.18 0.25 0.02 2.3
PHI 59.25 71.87 12.60 312
PHID 1.59 2.05 0.094 8.67
f-PSA% 11 12.35 3 43
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hort are presented in Table 1. Results of t-PSA, f-PSA%, 
PSAD, PHI, and PHID measurements and calculations 
(median, mean, min, and max) for men without PCa and 
PCa patients (total) are presented in Tables 2 and 3; the 
results, separated in clinically insignificant (Gleason =  
3 + 3) and clinically significant (Gleason > 3 + 3) PCa,  
are presented in Tables 4 and 5. 

Based on these measurements, the diagnostic efficacy 
of the individual parameters was assessed by ROC analy-
sis. The results of all PCa diagnosed (Fig.  1) point to a 
higher efficacy for PHI and PHID (AUC 0.722 and 0.739, 
respectively) than f-PSA%, PSA, and PSAD (AUC 0.612, 
0.595, and 0.698, respectively). The difference between 
PHI and PHID in comparison to PSA was statistically sig-
nificant with p values of 0.019 and 0.025, respectively. 
However, PSAD was also significantly better than PSA  
(p = 0.014). The differences in AUC between PHI and 
PHID, as well as the differences between PHI and PHID 
in comparison to PSAD, were not statistically significant 
(p > 0.05).

Focusing on the diagnosis of clinically significant car-
cinomas only, the results of ROC analysis were better for 
PHI and PHID (AUC 0.757 and 0.764, respectively) than 
for f-PSA%, PSA, and PSAD (AUC 0.627, 0.635, and 
0.732, respectively), too (Fig. 2). With p values for PHI 
and PHID of 0.022 and 0.041, respectively, these differ-

ences in PSA were again statistically significant. As for 
the analysis of all carcinomas, PSAD was significantly 
better than PSA (p = 0.011). In contrast, the differences 
between PHI and PHID as well as the differences be-
tween PHI and PHID in comparison to PSAD were not 
statistically significant (p > 0.05). In addition to the re-
sults described above, decision curve analysis confirmed 
the superiority of PHI and PHID over t-PSA in PCa di-
agnosis (Fig. 3, 4).

With a combined application of PHI and PHID and 
cutoff values of > 40 and > 0.9, respectively, biopsies could 
have been avoided in 24 (20%) patients. Only one Gleason 
4 + 4 carcinoma would have been missed (sensitivity 
98%). In this patient, the tumor had a small portion of the 
volume within an enlarged prostate (51 cm3). Only 2 of 
12 biopsies were positive. This was confirmed by final his-
tology following radical prostatectomy. Besides a down-
grading to Gleason 4 + 3, evidence for the tumor was only 
found in 1 lobe (pT2a). 

Discussion

Despite all limitations, PSA is still the most important 
biomarker for the early diagnosis of PCa. However, the 
uncritical use of this biomarker results in overdiagnosis 

Table 2. PSA, PSAD, PHI, PHID, and f-PSA% in the group with 
no PCa (n = 46)

Parameter Median Mean Min Max

PSA, ng/mL 6.1 7.03 1.91 17.06
PSAD 0.13 0.16 0.04 0.16
PHI 43.60 53.34 12.60 150.10
PHID 1.05 1.34 0.094 5.20
f-PSA% 13 13.87 3 43

Table 3. PSA, PSAD, PHI, PHID, and f-PSA% in the group with 
PCa (total) (n = 76)

Parameter Median Mean Min Max

PSA, ng/mL 7.56 11.07 2.23 82.90
PSAD 0.19 0.30 0.02 2.30
PHI 65.75 83.09 19.80 312.00
PHID 2.015 2.47 0.19 8.67
f-PSA% 10 11.49 3 31

Table 4. PSA, PSAD, PHI, PHID, and f-PSA% in the group with 
low-risk, clinically insignificant PCa (GS = 3 + 3; n = 26)

Parameter Median Mean Min Max

PSA, ng/mL 6.03 7.45 2.42 28.52
PSAD 0.16 0.19 0.02 0.66
PHI 58.65 60.09 19.80 130.00
PHID 1.51 1.81 0.19 5.2
f-PSA% 11.5 13.05 6.2 31

Table 5. PSA, PSAD, PHI, PHID, and f-PSA% in the group with 
clinically significant PCa (GS > 3 + 3; n = 50)

Parameter Median Mean Min Max

PSA, ng/mL 8.03 12.95 2.23 82.90
PSAD 0.22 0.36 0.07 2.30
PHI 77.20 95.05 28.60 312.00
PHID 2.27 2.82 0.56 8.67
f-PSA% 10 10.66 3 23.4
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and consequently in overtreatment. Thus, global guide-
lines recommend risk- and age-adapted PSA measure-
ments instead of a general screening. A notable improve-
ment in the diagnostic efficacy can be achieved by the 
additional assessment of PSA isoforms. PHI combines 

the results of 3 quantitative kallikrein immunoassays  
(t-PSA, f-PSA, and [–2]pro-PSA) with the calculation of 
1 numeric score. Based on solid data, PHI was approved 
by the Food and Drug Administration (FDA) already in 
2012 for the differentiation of benign and malignant 
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Fig. 2. Receiver-operating characteristic curve of PSA, PSAD, PHI, 
PHID, and f-PSA% in the group of men with clinically significant 
PCa.
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Fig. 3. Decision curve analysis of t-PSA, PHI, and PHID in the 
group of men with PCa (total).
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Fig. 4. Decision curve analysis of t-PSA, PHI, and PHID in the 
group of men with clinically significant PCa.
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PHID, and f-PSA% in the group of men with PCa (total).
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prostate changes in men > 50 years of age with a PSA val-
ue of 4–10 ng/mL and normal DRE findings [10]. Based 
on numerous studies, the manufacturer (Beckman Coul-
ter) provides carcinoma probabilities depending on the 
PSA value: a probability of 8.4% for values < 21; 21% for 
values < 40, and 44% for values ≥40.

However, the use of cutoff values is more practical in 
daily routine. Recently, a multicenter study with 800 Eu-
ropean patients established a sensitivity of 90% for the 
diagnosis of clinically significant carcinomas. Clinical 
significance was defined as Gleason ≥3 + 3 with a  
PHI > 40. Using this cutoff, 40% of all biopsies could have 
been prevented as well as the diagnosis of a Gleason 3 + 3 
tumor in 31% of the cases [11]. Interestingly, with the 
same sensitivity, a cutoff value for PHI of 30% was deter-
mined in the same study for 1,688 Asian men. Related to 
this result was a possible avoidance of a biopsy and diag-
nosis of Gleason 3 + 3 tumors for 56% and 33% of the men 
analyzed, respectively. Obviously, ethnic differences exist 
between both study populations.

In recent years, it was shown that PHID reaches high-
er AUC values in ROC analyses in comparison to PHI. 
Thus, PHID allows for an improved prediction of clini-
cally significant PCa prior to a prostate biopsy. However, 
available data to support this finding are limited. PHID 
was first described in 2014 by Mearini et al. [6]. In their 
study, they analyzed PHID in 275 patients with a notably 
higher AUC of 0.77 compared to t-PSA (AUC = 0.54). 
However, the advantage in comparison to PHI with an 
AUC of 0.76 was only marginal. 

Since then, only 2 more studies on PHID were pub-
lished [12, 13]. In a study in 118 patients in 2017, To-
soian et al. [13] determined thus far the highest value 
for PHID in the ROC analysis with an AUC of 0.84 and 
a PHID median of 1.21 for clinically significant PCa. 
For PHI and t-PSA, AUCs of 0.76 and 0.52, respective-
ly, were determined. Based on these values, a cutoff val-
ue of 0.43 for PHID was suggested for clinically signifi-
cant carcinomas (Gleason > 3 + 3) with a sensitivity of 
100%. In our own study, we could also demonstrate an 
improved diagnostic efficacy for PHID. However, AUC 
was only 0.76, and we determined a cutoff value of 0.9 
to achieve a similarly high sensitivity of 98%. In addi-
tion, we calculated a higher AUC of 0.64 for t-PSA. Our 
median PHID value for clinically significant carcino-
mas was notably higher (2.27), too. A possible explana-
tion for these different values might be the different dis-
position of study cohorts. In our study, only 38% of the 
men did not have a carcinoma in comparison to 60% in 
the study by Tosoian et al. The portion of clinically sig-

nificant carcinomas was also higher in our cohort (41 
vs. 30%).

To determine a reliable cutoff value for PHID that is 
useful in daily practice, considerably higher patient num-
bers need to be studied in controlled prospective clinical 
trials. In these trials, tumor volume as well as the type of 
biopsy should be considered besides the Gleason score, 
because the detection rate of prostate carcinomas is no-
tably improved by the increasing application of MRI fu-
sion biopsies. Recently, Lopes Vendrami et al. [14] de-
scribed a possible influence of the biopsy type on the di-
agnostic efficacy of PHI and PHID prior to a biopsy. In 
their study, PHI and PHID was determined prior to pros-
tate biopsy in 211 men. Subsequently, MRI fusion pros-
tate biopsy was conducted in 90 cases and a standard 
prostate biopsy in 121 cases. For PCa prediction follow-
ing fusion biopsy, the highest AUC was found for PHID 
with 0.82. In contrast, for the standard biopsy, PHI was 
found to have the better AUC (0.78). With cutoff values 
of 0.64 for PHID in combination with fusion biopsies 
and values of 45.9 for PHI with standard biopsies, the 
rate of tumor-negative biopsies could have been reduced 
by 63.4 and 77.3%, respectively. However, this benefit 
would have been achieved at the cost of missing clini-
cally significant tumors at a rate of 12 and 19%, respec-
tively.

When discussing the topic of PCa screening, consid-
ering the cost factor for the health care system is crucial. 
In the last years, the application and standardization of 
mpMRI was shown to lead to a notable improvement in 
early PCa diagnosis. A combination of mpMRI and 
PHID for the detection of clinically significant carcino-
mas with a concomitant reduction in unnecessary biop-
sies is plausible and was described by Druskin et al. [15] 
in 2018, who conducted a study in 241 patients. For rea-
sons of cost efficiency, however, the application of PHID 
(cost: approx. EUR 100) to select suitable patients prior 
to mpMRI (cost: several hundreds of euros) will be of 
great interest in the future. In this context, in 2019, Os-
ses et al. [16] suggest a triage prior to mpMRI in their 
current review. This means that in patients with clinical 
suspicion of PCa (suspicious progression and/or elevat-
ed t-PSA and/or abnormal DRE findings), RC could be 
applied first. RC by SWOP was used and validated in the 
ERSPC study [3]. In this RC, t-PSA, age, DRE, and trans-
rectal ultrasound were initially integrated. More recent-
ly, the calculator was expanded by PHI. Based on the data 
from previous studies and our own current investigation, 
we think that PHID might be the better parameter to es-
timate the PCa risk.
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Conclusion

Using PHI and PHID, unnecessary biopsies could be 
avoided, and the diagnosis of clinically insignificant tu-
mors (active surveillance population) could be reduced. 
Prior to their application in daily routine, the validation 
of cutoff values in prospective studies is indispensable. 
The cutoff values need to be established before a general 
recommendation for the PHI measurement can be given 
and before an integration of PHI/PHID into multipara-
metric RCs is possible. 
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