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Diagnostic value of prostate health index in 
patients with no index lesion on mpMRI or 
negative previous combined biopsy 
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Purpose: To assess the effectiveness of the prostate health index (PHI) in patients with no index lesions on multiparametric mag-
netic resonance imaging (mpMRI) or with negative findings on past prostate biopsy if there was an index lesion on mpMRI.
Materials and Methods: Patients without an index lesion on MRI or with a negative result on combined biopsy for index lesions 
were assessed. Patients who underwent transperineal mapping biopsy among those suspected of having prostate cancer (PCa) 
due to persistently elevated prostate-specific antigen (PSA) levels were analyzed.
Results: Of the 291 patients, 82 (28.2%) were diagnosed with PCa. Sixty-five of 291 patients had negative finding in previous com-
bined biopsy. In total, 226 patients did not have any index lesions. The mean age of the PCa group was 64.33±8.88 years and that 
of the non-cancer group was 59.88±10.26 years (p<0.001). The PHI was 46.75±28.22 in the PCa group and 37.74±17.37 in the non-
cancer group (p=0.001), and the prostate volume was 41.52±15.77 mL in the PCa group and 50.78±23.97 mL in the non-cancer 
group (p=0.001). In multivariate analysis, age (odds ratio [OR] 1.096, p<0.001), PHI (OR 1.021, p=0.005), and prostate volume (OR 
0.954, p<0.001) were identified as significant factors for PCa detection. The optimal cutoff value of the PHI for PCa detection was 
44.6 and the PHI density (PHID) was 0.88.
Conclusions: In patients with elevated PSA levels but no index lesions on mpMRI or negative biopsy findings, PHI and PHID dem-
onstrated significant potential for improving PCa detection.
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INTRODUCTION

Prostate cancer (PCa) is one of the most prevalent malig-
nancies in men worldwide, and early diagnosis plays a criti-
cal role in improving patient outcomes [1]. Prostate-specific 

antigen (PSA) testing has long been the cornerstone of PCa 
screening [2]. While PSA is sensitive, its limited specificity 
often results in unnecessary biopsies and patient anxiety [3,4]. 

Multiparametric magnetic resonance imaging (mpMRI) 
has emerged as a powerful diagnostic modality for identify-
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ing clinically significant PCa [5]. mpMRI offers improved 
cancer localization and assists in risk stratification through 
the Prostate Imaging-Reporting and Data System (PI-RADS) 
[6]. mpMRI-based biopsy has been shown to increase the de-
tection of significant PCa, while reducing the number of un-
necessary biopsies in patients with low-risk disease [7]. How-
ever, despite its high negative predictive value, a significant 
number of patients with elevated PSA without an index 
lesion (PI-RADS ≥3) are diagnosed with PCa [8]. Moreover, if 
the PSA level is continuously elevated despite cancer not be-
ing diagnosed by combined biopsy, the cancer diagnosis rate 
at follow-up biopsy cannot be neglected. Unfortunately, diag-
nostic strategies for these patients have not been established. 

The prostate health index (PHI) was introduced to en-
hance diagnostic accuracy [9]. PHI showed superior specific-
ity in detecting clinically significant PCa compared with 
PSA alone. This advancement has reduced overdiagnosis and 
overtreatment, addressing a major drawback of PSA-based 
screening [10-12]. Moreover, PHI density (PHID) may further 
enhance the risk stratification, particularly in patients with 
borderline or ambiguous findings [13]. 

The present study investigated the utility of PHI and 
PHID in improving PCa detection using transperineal map-
ping biopsy in patients with elevated PSA levels but with-
out index lesions on mpMRI or prior negative biopsy results. 

MATERIALS AND METHODS

1. Study design and population
This retrospective cohort study was conducted at a single 

tertiary medical center (Samsung Medical Center, Seoul, Ko-
rea) between January 2019 and January 2023. A total of 291 
patients with persistently elevated PSA levels (>3.0 ng/mL) 
were included. Eligible patients met one of the following 
criteria: (1) no index lesions (PI-RADS <3) on mpMRI [7] or 
(2) negative biopsy results despite the presence of suspicious 
findings. Patients with prior treatment for PCa or insuffi-
cient clinical data were excluded.

2. Data collection
Baseline demographic and clinical data were collected, 

including age, family history of PCa, PSA levels, free PSA, 
[-2]proPSA, PHI, and prostate volume measured via mpMRI. 
The PSA, free PSA, [-2]proPSA, and PHI were obtained 
within one month prior to biopsy. Additionally, all patients 
with a history of previous biopsies underwent transrectal 
combined (cognitive or fusion) biopsy.

3. Biopsy protocol
All patients underwent systematic transperineal map-

ping biopsy using a 5-mm template grid under general anes-
thesia. This method ensures comprehensive sampling of the 
prostate gland and improves cancer detection rates [14]. Bi-
opsies were performed by experienced urologists or residents, 
and specimens were analyzed by dedicated genitourinary 
pathologists.

4. Statistical analysis
Patients were categorized into two groups based on their 

biopsy results: PCa and non-cancer. Descriptive statistics 
were calculated for demographic and clinical variables, and 
group comparisons were performed using Fisher’s exact test 
for categorical variables and Student’s t-test for continuous 
variables. Logistic regression analysis was conducted to iden-
tify the independent predictors of PCa. Receiver operating 
characteristic (ROC) curves were generated to evaluate the 
diagnostic performance of the PHI and PHID, and the area 
under the curve (AUC) was calculated. The optimal cutoff 
values for PHI and PHID were determined using Youden’s 
index.

Statistical significance was defined as p<0.05. All analy-
ses were performed using IBM SPSS Statistics version 25.0 
(IBM Corp.).

5. Ethical considerations
This study was approved by the Institutional Review 

Board of Samsung Medical Center (approval number: 2024-
12-026), and the need for informed consent was waived due 
to the retrospective nature of the study. All the procedures 
were conducted in accordance with the ethical standards of 
the Declaration of Helsinki (2013).

RESULTS

1. Patient characteristics
A total of 291 patients were included in the study, of 

whom 82 (28.2%) were diagnosed with PCa and 209 (71.8%) 
without cancer. Sixty-five of 291 patients had index lesions 
on pre-biopsy MRI; however, the prostate was not diagnosed 
because of a previous combined biopsy. In total, 226 patients 
did not have any index lesions. Among 226 patients with 
no index lesions on pre-biopsy mpMRI, 57 (25.2%) were diag-
nosed with PCa.

The mean age of the PCa group was significantly higher 
than that of  the non-cancer group (64.33±8.88 years vs. 
59.88±10.26 years, p<0.001). The number of previous biopsies 
was also significantly greater in the PCa group (0.89±0.88 vs. 
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0.65±0.89, p=0.034). While PSA levels did not differ signifi-
cantly between groups (p=0.974), the PCa group exhibited 
significantly higher PHI values (46.75±28.22 vs. 37.74±17.37, 
p=0.001), and smaller prostate volumes (41.52±15.77 mL vs. 
50.78±23.97 mL, p=0.001) (Table 1).

2. Predictors of PCa
Univariate logistic regression analysis revealed age (odds 

ratio [OR] 1.049, p=0.001), number of previous biopsies (OR 
1.343, p=0.037), PHI (OR 1.019, p=0.003), and prostate volume 
(OR 0.976, p=0.002). In the multivariate model, age (OR 1.096, 
p<0.001), PHI (OR 1.021, p=0.005), and prostate volume (OR 
0.954, p<0.001) remained independent predictors of PCa de-
tection (Table 2).

3. Diagnostic performance of PHI and PHID
ROC curve analysis showed that the AUC for PHI was 

0.602 (p=0.007), while that for PHID was slightly higher at 
0.641 (p<0.001) (Fig. 1). The optimal cutoff value for PHI to 
predict PCa was determined to be 44.60, with a sensitivity of 
43% and a specificity of 79%. For PHID, the optimal cutoff 

was 0.88, with sensitivity and specificity values of 61% and 
61%, respectively (Table 3).

DISCUSSION

PCa is one of  the most common malignancies among 
men worldwide and poses a significant public health burden. 
PCa ranks among the top causes of cancer-related morbidity 
and mortality in men, with its incidence steadily increasing 
owing to aging populations and the widespread adoption of 
PSA screening [15]. PSA has high sensitivity, but low speci-
ficity [16]. Despite these limitations, PSA testing has persist-
ed as a reliable and widely used biomarker for PCa detec-
tion. It has become a cornerstone of early diagnosis, enabling 
timely intervention and improving patient outcomes [17]. 

Biopsy remains the only definitive method for the detec-
tion of PCa. However, the high rate of unnecessary biopsies 
owing to PSA’s limited specificity of PSA has significant 
consequences. Complications of prostate biopsy, such as he-
maturia, infection, and sepsis, are relatively uncommon and 
contribute substantially to patient morbidity and healthcare 

Table 1. Baseline characteristics

Parameter Prostate cancer (n=82) No-cancer (n=209) p-value
Age (y) 64.33±8.88 59.88±10.26 <0.001a

Familial history 4 (4.9) 8 (3.8) 0.685b

5ARI administration 4 (4.9) 3 (1.4) 0.085b

Number of past biopsies 0.89±0.88 0.65±0.89 0.034a

PSA (ng/mL) 7.32±5.59 7.29±5.04 0.974a

Free PSA (ng/mL) 1.34±3.77 1.05±0.76 0.294a

p2PSA (pg/mL) 16.91±13.66 14.65±10.14 0.178a

Prostate health index 46.75±28.22 37.74±17.37 0.001a

Prostate volume (mL) 41.52±15.77 50.78±23.97 0.001a

Values are presented as mean±standard deviation or number (%). 
5ARI, 5 alpha reductase inhibitors; PSA, prostate specific antigen; p2PSA, [-2]proPSA.
a:Based on Student t-test. b:Based on Fisher’s exact test.

Table 2. Logistic regression and multivariable analysis for prostate cancer

Parameter Odds ratio
95% CI

p-value Odds ratio
95% CI

p-value
Lower Upper Lower Upper

Age 1.049 1.020 1.080 0.001 1.096 1.058 1.135 <0.001
Familial history 1.288 0.377 4.401 0.686
5ARI administration 3.521 0.771 16.092 0.104
Number of past biopsies 1.343 1.018 1.772 0.037 1.371 0.990 1.899 0.057
PSA 1.001 0.953 1.051 0.973
Free PSA 1.060 0.937 1.199 0.356
p2PSA 1.017 0.995 1.039 0.130
Prostate health index 1.019 1.006 1.032 0.003 1.021 1.006 1.037 0.005
Prostate volume 0.976 0.961 0.991 0.002 0.954 0.936 0.973 <0.001

CI, confidence interval; 5ARI, 5 alpha reductase inhibitors; PSA, prostate specific antigen; p2PSA, [-2]proPSA.
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costs [18]. Furthermore, Rosario et al. [19] emphasized the 
psychological burden of repeated biopsies, which can cause 
considerable distress and reduce the patients’ quality of life. 
These issues underscore the pressing need to minimize un-
necessary biopsies using improved diagnostic approaches. 
The introduction of mpMRI has significantly advanced PCa 
diagnostics by enhancing the detection of clinically signifi-
cant PCa while reducing unnecessary biopsies. The high 
negative predictive value of mpMRI allows for more selec-
tive biopsies, thereby reducing the number of unnecessary 
procedures without compromising the diagnostic accuracy 
[20]. 

However, management of patients with elevated PSA 
levels and negative mpMRI findings remains unclear. Ad-
ditionally, patients with index lesions (PI-RADS 3 to 5) on 
mpMRI who have negative combined biopsy results lack 
standardized follow-up strategies, leaving a diagnostic gap in 
clinical practice [21].

PHI represents a promising advancement in PCa di-
agnosis. PHI, which combines total PSA, free PSA, and [-2]
proPSA, provides superior specificity compared to PSA alone 
[9]. Furthermore, PHID, which incorporates prostate volume 
into the calculation, offers additional stratification benefits, 
particularly in patients with intermediate PSA levels [22]. 

In patients with persistently elevated PSA levels but no 
index lesions on mpMRI, or those with negative combined 
biopsy results despite suspicious lesions, PHI may serve as 
a valuable tool to guide decision-making. Schoots et al. [23] 
reported cases where mpMRI failed to detect clinically sig-

nificant cancers, suggesting that reliance on imaging alone 
may not suffice. The present study supports the use of PHI 
to determine the necessity of follow-up or repeat biopsies in 
these challenging patient populations. Specifically, the find-
ings of this study indicate that PHI and PHID are indepen-
dent predictors of PCa detection, with optimal cutoff values 
that can guide clinical decision-making. In the absence of 
standardized follow-up guidelines for patients with negative 
mpMRI or combined biopsy results, the PHI provides a clini-
cally actionable parameter to address this gap. The findings 
of this study suggest that performing biopsies in patients 
with elevated PSA levels and negative mpMRI findings or 
prior negative biopsies is a prudent approach when guided 
by PHI. Moreover, Wang et al. [24] conducted a study on the 
cancer prediction ability of serum biomarkers in patients 
with a history of negative prostate biopsy. Similar to the 
findings of present study, their research also reported the 
highest AUCs for PHI and PHID, which were 0.73 and 0.70, 
respectively. However, their study did not propose cutoff 
values for PCa biopsy or cancer detection. 

The prevalence of PCa increases with age [25]. Consis-
tently, the present study showed that age is a significant 
risk factor for PCa. The prostate volume has also been found 
to be associated with cancer detection. This finding suggests 
the usefulness of PSA density and PHID, which evaluate 
PSA or PHI per unit volume, as predictive markers for as-
sessing PCa risk [26].

In this study, transperitoneal template-guided mapping 
biopsy was performed, and 24-core or 36-core biopsy was per-

0

1.0

0.8

0.6

0.4

0.2

S
e
n
s
it
iv

it
y

1-Specificity

0
1.00.2 0.4 0.6 0.8

p-valueAUC
95% CI

Lower Upper

PHI

PHID 0.641

0.602

0.571

0.528

0.710

0.675

<0.001

0.007

PHI
PHID

Fig. 1. Area under cover (AUC) of pros-
tate health index (PHI) and PHI density 
(PHID) for prostate cancer. CI, confi-
dence interval.

Table 3. Cutoff value for prostate cancer

Cutoff Sensitivity Specificity PPV NPV Accuracy Youden’s index
PHI 44.60 0.43 0.79 0.46 0.68 0.62 0.22
PHID 0.88 0.61 0.61 0.61 0.61 0.72 0.22

PHI, prostate health index; PHID, prostate health index density; PPV, positive predictive value; NPV, negative predictive value.
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formed depending on prostate size. Although mpMRI-based 
combined biopsy is recommended for its superior cancer de-
tection rate, transperitoneal template-guided mapping biopsy 
is expected to have a superior cancer detection rate than 
traditional extended sextant systematic biopsy in patients 
without an index lesion or those who were not diagnosed 
with cancer in a previous combined biopsy, which were the 
subjects of this study. 

As this was a single-center retrospective study, the find-
ings may not be generalizable to broader populations. The 
time between the previous biopsy and the transperineal 
mapping biopsy could not be analyzed. Furthermore, the 
moderate AUC values for PHI and PHID suggested that 
these biomarkers should not replace other established di-
agnostic tools. However, this study suggested a cutoff value 
for patients who did not have a strategy for prostate biopsy. 
Future research should focus on prospective multicenter 
studies to validate these findings and explore the integra-
tion of  PHI and PHID with other emerging biomarkers, 
such as PCA3 or genomic tests, to further enhance diagnos-
tic accuracy. Moreover, establishing separate cutoff values 
for patients without an index lesion and those with previ-
ous combined biopsy-negative results in a large-scale cohort 
study would provide more clinical utility.

CONCLUSIONS

This study highlights the diagnostic utility of PHI and 
PHID in patients with elevated PSA levels but without 
mpMRI-detected lesions or prior negative combined biopsy 
findings. Based on the results of this study, the cutoff values 
of PHI and PHID for biopsy are presented for these patients. 
By providing actionable thresholds, it offers a practical ap-
proach to address an unmet need in PCa diagnostics. 
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