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Objective: The objective of this review was to determine the diagnostic accuracy of [-2]proPSA (p2PSA) and the
Prostate Health Index compared to the Gleason score in determining the aggressiveness of prostate cancer.

Introduction: Prostate cancer is the most commonly diagnosed cancer in men. However, the utility of currently
available biomarkers for determining the aggressive form of the disease remains unknown. This review sought
to determine the diagnostic accuracy of two new biomarkers in determining the aggressive form of prostate
cancer.

Inclusion criteria: Diagnostic accuracy studies that enrolledmen of any age and any prostate specific antigen (PSA)
level with histologically confirmed prostate cancer in which Prostate Health Index and p2PSA were assessed in
comparison to Gleason score for the determination of aggressive prostate cancer were considered for inclusion.
There was no time limitation on study inclusion.

Methods: A three-step search strategy was utilized to identify both published and unpublished studies in the
English language in the following sources: PubMed, Cochrane Central Register of Controlled Trials, CINAHL, Web of
Science, Google Scholar, MedNar, and SIGLE. Databases were searched from inception to January 2019. Study
selection, critical appraisal, data extraction, and data synthesis were done according to the approach recommended
by JBI.

Results: A total of 12 studies (n¼ 8462) that recruited men with aggressive prostate cancer were considered in
this review. The majority of included subjects had a total PSA level of 2 to 10ng/mL. The sensitivity of the Prostate
Health Index ranged from 67% to 97% while specificity ranged from 6% to 64%. At a Prostate Health Index
threshold of 25 and below (three studies, n¼ 3222), pooled sensitivity was 97% (95% confidence interval [CI], 95%
to 98%) and specificity was 10% (95% CI, 6% to 16%). At a Prostate Health Index threshold of between 26 and 35
(six studies, n¼ 6030), pooled sensitivity was 87% (95% CI, 8% to 91%) and specificity was 45% (95% CI, 39% to
50%). At a Prostate Health Index threshold of 36 and above (five studies, n¼ 1476), pooled sensitivity was 72%
(95% CI, 64% to 79%) and specificity was 74% (95% CI, 68% to 80%). Only one study assessed p2PSA. Sensitivity
ranged from 80% to 95%, and specificity ranged from 9.9% to 27.9% with increasing threshold values from 7.9 to
10.9ng/mL.

Conclusions: Overall, both Prostate Health Index and p2PSA have acceptable accuracy for the determination of the
likelihood of aggressive prostate cancer. However, the inverse relationship between sensitivity and specificity makes
it difficult to determine an optimum cut-off value for positivity. Further research is warranted to determine their
utility in the management of prostate cancer.
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Summary of Findings
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Ques�on: Should Prostate Health Index threshold value <25 be used to diagnose aggressive prostate cancer? 
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Sensi�vity 0.97 (95% confidence interval: 0.95 to 0.98)

E
V
I

Specificity 0.10 (95% confidence interval: 0.06 to 0.16)

Outcome

No. of 
studies 
(No. of 
pa�ents) 

Study 
design

Factors that may decrease certainty of evidence Effect per 1000 pa�ents tested Test 
accuracy 
CoERisk of 

bias
Indirectness Inconsistency Imprecision Other 

considera�ons
Pre-test 
probability 
of 2.8% 

Pre-test 
probability 
of 15.6% 

Pre-test 
probability 
of 30.8% 

True posi�ves
(pa�ents with 
aggressive 
prostate cancer) 

3 studies
(3222 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 
study) 

serious a not serious serious b not serious none 27 (27 to 27) 151 (148 to 
153)

299 (293 to 
302)

False nega�ves
(pa�ents incorrectly  
classified as not 
having aggressive  
prostate cancer) 

1 (1 to 1) 5 (3 to 8) 9 (6 to 15)

True nega�ves
(pa�ents without 
aggressive 
prostate cancer) 

3 studies
(3222 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 
study) 

serious a not serious serious b not serious none 97 (58 to 156) 84 (51 to 135) 69 (42 to 111) 

False posi�ves
(pa�ents 
incorrectly 
classified as 
having aggressive  
prostate cancer) 

875 (816 to 
914)

760 (709 to 
793)

623 (581 to 
650)

CoE, certainty of the evidence
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the es�mate of the effect
Moderate certainty: We are moderately confident in the effect es�mate: The true effect is likely to be close to the es�mate of the effect, but there is a possibility that it is substan�ally different
Low certainty: Our confidence in the effect es�mate is limited: The true effect may be substan�ally different from the es�mate of the effect
Very low certainty: We have very li�le confidence in the effect es�mate: The true effect is likely to be substan�ally different from the es�mate of effect

Explana�ons
a. Methodological issues, par�cularly pertaining to blinding, were noted across studies included in these analyses.
b. Effect es�mates (sensi�vity and specificity) varied widely, par�cularly because different threshold values were reported/used in the analyses.  
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Prevalences 2.8%, 15.6%, 30.8%
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Ques�on: Should Prostate Health Index threshold value of 26 to 35 be used to diagnose aggressive prostate cancer?
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Sensi�vity 0.87 (95% confidence interval: 0.81 to 0.91)

Specificity 0.45 (95% confidence interval: 0.34 to 0.50)

Outcome Study 
design

Factors that may decrease certainty of evidence Effect per 1000 pa�ents tested Test 
accuracy 
CoERisk of 

bias
Indirectn
ess

Inconsistency Imprecision Other 
considera�ons

Pre-test 
probability 
of 2.8% 

Pre-test 
probability 
of 15.6% 

Pre-test 
probability 
of 30.8% 

True posi�ves
(pa�ents with 
aggressive prostate 
cancer) 

6 studies
(6030 
pa�ents)

cohort  
type 
studies 

serious a not 
serious 

serious b not serious none 24 (23 to 25) 136 (126 to 
142)

268 (249 to 
280)

False nega�ves
(pa�ents incorrectly 
classified as not 
having aggressive 
prostate cancer) 

4 (3 to 5) 20 (14 to 30) 40 (28 to 59)

True nega�ves
(pa�ents without 
aggressive prostate 
cancer) 

6 studies
(6030 
pa�ents)

cohort  
type 
studies 

serious a not 
serious 

serious b not serious none 437 (330 to 
486)

380 (287 to 
422)

311 (235 to 
346)

False posi�ves
(pa�ents incorrectly 
classified as having 
aggressive prostate 
cancer) 

535 (486 to 
642)

464 (422 to 
557)

381 (346 to 
457)

CoE, certainty of the evidence
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the es�mate of the effect
Moderate certainty: We are moderately confident in the effect es�mate: The true effect is likely to be close to the es�mate of the effect, but there is a possibility that it is substan�ally different
Low certainty: Our confidence in the effect es�mate is limited: The true effect may be substan�ally different from the es�mate of the effect
Very low certainty: We have very li�le confidence in the effect es�mate: The true effect is likely to be substan�ally different from the es�mate of effect 

Explana�ons
a. Methodological issues, par�cularly pertaining to blinding, were noted across studies included in these analyses. 
b. Effect es�mates (sensi�vity and specificity) varied widely, par�cularly because different threshold values were reported/used in the analyses. 

No. of 
studies 
(No. of 
pa�ents) 
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Ques�on: Should Prostate Health Index threshold value >36 be used to diagnose aggressive prostate cancer?

Bibliography: Anyango R, Ojwando J, Mwita C, Mugalo E. Diagnos�c accuracy of [-2]proPSA versus Gleason score and Prostate Health Index versus Gleason score for the determina�on of  
aggressive prostate cancer: a systema�c review. JBI Evid Synth. 2021;19(6):1263–1291.

Sensi�vity 0.72 (95% confidence interval: 0.64 to 0.79)

Specificity 0.74 (95% confidence interval: 0.68 to 0.80)

Outcome Study 
design

Factors that may decrease certainty of evidence Effect per 1000 pa�ents tested Test 
accuracy 
CoERisk of 

bias
Indirectness Inconsistency Imprecision Other 

considera�ons
Pre-test 
probability 
of 2.8% 

Pre-test 
probability 
of 15.6% 

Ppre-test 
probability 
of 30.8% 

True posi�ves
(pa�ents with 
aggressive 
prostate cancer) 

5 studies
(1476 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 
study) 

serious a not serious serious b not serious none 20 (18 to 22) 112 (100 to 
123)

222 (197 to 
243)

False nega�ves
(pa�ents 
incorrectly 
classified as not 
having aggressive  
prostate cancer) 

8 (6 to 10) 44 (33 to 56) 86 (65 to 111) 

True nega�ves
(pa�ents without 
aggressive 
prostate cancer) 

5 studies
(1476 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 
study) 

serious a not serious serious b not serious none 719 (661 to 
778)

625 (574 to 
675)

512 (471 to 
554)

False posi�ves 253 (194 to 219 (169 to 180 (138 to 
(pa�ents 
incorrectly 
classified as 
having aggressive  
prostate cancer) 

311) 270) 221)

CoE, certainty of the evidence
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the es�mate of the effect
Moderate certainty: We are moderately confident in the effect es�mate: The true effect is likely to be close to the es�mate of the effect, but there is a possibility that it is substan�ally different 
Low certainty: Our confidence in the effect es�mate is limited: The true effect may be substan�ally different from the es�mate of the effect
Very low certainty: We have very li�le confidence in the effect es�mate: The true effect is likely to be substan�ally different from the es�mate of effect

Explana�ons
a. Methodological issues, par�cularly pertaining to blinding, were noted across studies included in these analyses.
b. Effect es�mates (sensi�vity and specificity) varied widely, par�cularly because different threshold values were reported/used in the analyses.

No. of 
studies 
(No. of 
pa�ents) 

LOW

LOW

Prevalences 2.8%, 15.6%, 30.8%

S
Y
S
T
E
M
A
T
IC

R
E
V
IE
W

R
.
A
n
ya
n
g
o
et

a
l.

JB
I
Evid

e
n
ce

Syn
th
e
sis

�
2
0
2
1
JB
I

1
2
6
6

© 2021 JBI. Unauthorized reproduction of this article is prohibited.



Ques�on: Should [-2]proPSA be used to diagnose aggressive prostate cancer?

Bibliography: Anyango R, Ojwando J, Mwita C, Mugalo E. Diagnos�c accuracy of [-2]proPSA versus Gleason score and Prostate Health Index versus Gleason score for the determina�on of 
aggressive prostate cancer: a systema�c review. JBI Evid Synth. 2021;19(6):1263–1291.

Sensi�vity 0.80 to 0.95

Specificity 0.10 to 0.28

Outcome Study 
design

Factors that may decrease certainty of evidence Effect per 1000 pa�ents tested Test 
accuracy 
CoERisk of 

bias
Indirectness Inconsistency Imprecision Other 

considera�ons
Pre-test 
probability 
of 2.8% 

Pre-test 
probability 
of 15.6% 

Pre-test 
probability 
of 30.8% 

True posi�ves
(pa�ents with 
aggressive 
prostate cancer) 

1 study
(657 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 

not 
serious 

not serious serious a serious b none 22 to 27 125 to 148 246 to 293

False nega�ves
(pa�ents 
incorrectly 
classified as not 
having aggressive  
prostate cancer) 

study) 
1 to 6 8 to 31 15 to 62

True nega�ves
(pa�ents without 
aggressive 
prostate cancer) 

1 study
(657 
pa�ents)

cross-
sec�onal 
(cohort type 
accuracy 
study) 

not 
serious 

not serious serious a serious b none 96 to 271 84 to 235 69 to 193

False posi�ves
(pa�ents 
incorrectly 
classified as having 
aggressive  
prostate cancer) 

701 to 876 609 to 760 499 to 623

CoE, certainty of the evidence
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the es�mate of the effect
Moderate certainty: We are moderately confident in the effect es�mate: The true effect is likely to be close to the es�mate of the effect, but there is a possibility that it is substan�ally different
Low certainty: Our confidence in the effect es�mate is limited: The true effect may be substan�ally different from the es�mate of the effect
Very low certainty: We have very li�le confidence in the effect es�mate: The true effect is likely to be substan�ally different from the es�mate of effect 

Explana�ons
a. Different cut-off values were employed across included studies, and this resulted in inconsistent es�mates. Even where similar cut-off values were used, results s�ll were not consistent.  
b. There was a mix of wide and narrow confidence intervals noted. 

No. of 
studies 
(No. of 
pa�ents) 
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LOW
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SYSTEMATIC REVIEW R. Anyango et al.
Introduction

A mong men in high-income countries, prostate
cancer (PCa) is the most commonly diagnosed

cancer and the second most common cause of
cancer-related death.1,2 In low- and middle-income
countries, the reported burden of PCa is less than
that of high-income countries, and this difference is
likely due to lower rates of PCa screening.3,4 Ethni-
cally, PCa has a higher incidence and higher mortal-
ity rates in men of African descent compared to men
of Caucasian or Asian descent.5

Histological examination of prostatic tissue is the
gold standard for the diagnosis of PCa. It is also useful
in determining tumor aggressiveness by grading PCa
according to the degree of cellular differentiation. The
disadvantage of this technique is that obtaining pros-
tate tissue for examination is invasive and carries a
risk of infection and bleeding. This has necessitated
the development and use of diagnostic biomarkers for
PCa. One such marker is a prostate-specific antigen
(PSA), a glycoprotein secreted by cells lining the
prostate gland and currently the most widely used
biomarker for the earlydetection ofPCa.6 However, it
is non-specific and other prostatic conditions have
been shown to cause elevated PSA levels.7,8 Although
PSA as a screening tool has been shown to lead to a
reduction in mortality associated \with PCa, its poor
specificity and inability to distinguish between lower-
grade indolent tumors and higher-grade aggressive
tumors means that patients are often subjected to
unnecessary testing and therapy.9

The limitations of PSA have led to the introduc-
tion of PSA derivatives such as free PSA (fPSA),
percentage free PSA (%fPSA), PSA density, and
PSA velocity. However, these are only marginally
better than total PSA (tPSA) screening at detecting
PCa or determining its aggressiveness.10 More
recently, there has been the introduction of a zymo-
gen precursor of PSA that comes in four different
isoforms.8 This marker is known as proPSA, and it
has been shown to be preferentially elevated in the
peripheral zone of prostatic tissue where the major-
ity of PCa arises. As such, it has been proposed as a
more specific biomarker for PCa.9 One of its iso-
forms, [-2]proPSA (p2PSA), is mostly expressed in
the peripheral zone of the gland and has been shown
to have higher levels in the sera of men with PCa.9,11

Additional efforts to improve the ability to detect
PCa non-invasively have resulted in two other deriv-
atives of p2PSA: percent p2PSA (%p2PSA) and the
JBI Evidence Synthesis
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Beckman Coulter Prostate Health Index (PHI). The
Beckman Coulter PHI is a mathematical combina-
tion of p2PSA, fPSA, and tPSA using the formula:
([p2PSA/fPSA] � HtPSA). This combination is
thought to be better than its individual components
at detecting PCa, and it has been shown to have an
acceptable diagnostic accuracy for PCa.12

At present, as recommended by the European
Association of Urology, tumor grading is performed
on tissue obtained from a prostate biopsy using the
Gleason scoring system.13 This system is based on
assessing the architecture of cells on tissue biopsy.
Aggressive tumors have poorly differentiated cells
and therefore grow faster and are more invasive.
Less-aggressive tumors have well-differentiated cells
and are slow growing, and as such, patients with
such indolent tumors may live with the disease for a
long period of time without therapy. High Gleason
scores (>7) indicate a poorer prognosis and the need
for more aggressive treatment. Compared to the
Gleason score, %p2PSA has a sensitivity of 96%
and specificity of 9% for detecting aggressive dis-
ease, whereas PHI has a sensitivity of 90% and a
specificity of 17%.12

In contemporary urological practice, patients
assessed for PCa first undergo a digital rectal exami-
nation. The presence of prostatic nodules, mucosal
fixation, or obliteration of the prostatic median sulcus
on digital rectal examination points to the possibility
of PCa. In addition, the seminal vesicles may also be
assessed for presence/involvement of tumor. Under
such circumstances, a prostate biopsy (preferably
with ultrasound guidance) is warranted. However,
patients may have impalpable tumors, a situation that
necessitates measurement of PSA levels. High PSA
levels (10ng/mL or higher) warrant a biopsy. Owing
to the poor accuracy of PSA, patients without PCa
may undergo an unnecessary biopsy while others who
have PCa (with normal PSA values) will not undergo
further evaluation. It is therefore advantageous to
have a test that can accurately and non-invasively
determine the presence and aggressiveness of PCa.

Two systematic reviews on the diagnosis of
aggressive PCa have been published. In the review
by Russo et al.,14 the accuracy of PHI for diagnosing
both PCa and aggressive PCa was assessed. The
pooled sensitivity for PHI for detecting PCa was
0.89 while specificity was 0.34. The pooled sensitiv-
ity for PHI for detecting aggressive PCa was 0.93
while specificity was 0.34. Although this review was
� 2021 JBI 1268
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SYSTEMATIC REVIEW R. Anyango et al.
of acceptable quality, the authors did not report an a
priori protocol nor did they consider the different
cut-off values used in determining the positivity of
PHI. The issue of PHI positivity cut-off level in this
review has been raised in a published letter to the
editor15 in which the authors of the letter question
the statistical methods employed by Russo and col-
leagues.14 Further, since the publication of this
review, there have been additional studies assessing
the accuracy of PHI for determining aggressive PCa.
In a more recent systematic review, Wang and col-
leagues12 examined the accuracy of %p2PSA and
PHI in determining PCa aggressiveness. The accu-
racy of PHI for aggressive PCa was reported as a
sensitivity of 0.9 and specificity of 0.17. The authors
concluded that PHI may be useful in diagnosing
aggressive PCa. However, they did not perform an
extensive search for relevant studies as only PubMed
was searched for their review. Further, there was no
mention of an a priori protocol to guide the conduct
of the review. These factors point to a potentially
high risk of bias associated with these two reviews.

This systematic review attempted to evaluate the
role of p2PSA and PHI in detecting the aggres-
siveness of PCa using a more explicit methodology.
The main outcome measures were sensitivity and
specificity of the two tests compared to Gleason
scores as the reference standard. A search in MED-
LINE, PROSPERO, and the Cochrane library
yielded no ongoing reviews with similar questions.

Review questions
i.
JBI E
What is the diagnostic accuracy of [-2]proPSA
(p2PSA; index test) compared to Gleason score
in determining the aggressiveness of PCa?
ii.
 What is the diagnostic accuracy of the Prostate
Health Index (index test) compared to Gleason
score in determining the aggressiveness of PCa?
Inclusion criteria
Participants
This review considered studies that enrolled men of
any age who had a diagnosis of aggressive PCa as
determined from biopsy specimens, and with any
range of PSA levels.

Index test
Studies that evaluated the performance of p2PSA or
PHI for the determination of the aggressiveness of
vidence Synthesis

© 2021 JBI. Unauthorized reproduc
PCa were included. Studies in which p2PSA and PHI
were primarily evaluated for the diagnosis of PCa
but also reported sufficient data on tumor aggres-
siveness were also considered for inclusion.

Reference test
This review considered studies that used the biopsy
Gleason score as the reference standard for deter-
mining the aggressiveness of PCa.

Diagnosis of interest
Studies that considered the aggressiveness of biopsy-
obtained histologically confirmed PCa as the diag-
nosis of interest were the focus of this review. Studies
in which the confirmation of PCa was the main aim
but that reported on the aggressiveness of disease
were also considered.

Types of studies
This review considered diagnostic test accuracy stud-
ies that utilized observational cross-sectional, cohort,
or case-control designs in which the index and refer-
ence tests were interpreted in the same group of
participants. There was no time limitation on study
inclusion. Studies that did not explicitly report diag-
nostic test accuracy outcomes (sensitivity and speci-
ficity), but that had sufficient information to calculate
these outcomes, were also considered for inclusion.

Exclusion criteria
Systematic reviews, letters to the editor, literature
reviews, conference abstracts, and studies published
in languages other than English were excluded from
the review. Studies that assessed aggressiveness of
PCa using means other than the Gleason score were
also not considered for inclusion in this review.

Methods

This review was conducted according to an a priori
protocol.16 The JBI methodology for systematic
reviews of diagnostic test accuracy was utilized for
this review.17

Search strategy
An extensive computerized literature search was con-
ducted to locate both published and unpublished
studies written in English. A three-step search strategy
was implemented. First, an initial search of PubMed
followed by analysis of text words in the title and
� 2021 JBI 1269
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SYSTEMATIC REVIEW R. Anyango et al.
abstract were done. A second search using identified
key words and index terms was conducted across all
databases. Finally, the reference lists of included
reports and articles were searched for additional
studies. Databases searched were MEDLINE
(PubMed), Cochrane Central Register of Controlled
Trials, CINAHL (EBSCO), and Web of Science. The
search for unpublished studies included Google
Scholar, MedNar, and SIGLE (System for Informa-
tion on Grey Literature in Europe). All databases were
searched from inception to January 2019. Only stud-
ies published in English were considered for inclusion.
Initial keywords used to construct the search were:
PCa, pro2PSA, p2PSA, PHI, prostatic health index,
accuracy, sensitivity, specificity, likelihood ratio, pre-
dictive value, Gleason score. The search strategies for
all databases searched are shown in Appendix I.

Study selection
Records identified in the searches were collated and
managed using EndNote v.X7 (Clarivate Analytics,
PA, USA). After removal of duplicate records, iden-
tified titles and abstracts were screened and those
that did not fit the inclusion criteria were excluded.
Full-text articles for the remaining records were
retrieved and assessed for inclusion. Studies that
did not meet the inclusion criteria were excluded
and particular reasons for exclusion were recorded
(Appendix II). The reference lists of studies found
eligible for inclusion were also searched for addi-
tional studies. Two independent reviewers were
involved in the study selection processes. Discrep-
ancies were resolved by discussion or by conferring
with a third reviewer.

Assessment of methodological quality
Papers selected for inclusion in the review were
assessed for methodological quality by two indepen-
dent reviewers using the JBI critical appraisal check-
list for diagnostic test accuracy studies adapted from
the QUADAS-2 tool.17 A critical appraisal item was
designated ‘‘Yes’’ or ‘‘No’’ where the authors pro-
vided ample information for the reviewers to judge it
as done or not done. In the event that such informa-
tion was inadequate in order to make a judgment,
the item was determined as ‘‘Unclear.’’ Where there
were disagreements regarding study quality, resolu-
tion was reached by consensus or by involving a third
reviewer. The results of methodological quality
assessment did not affect the decision to include
JBI Evidence Synthesis
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studies in the review; therefore, all studies that
underwent critical appraisal were subsequently
included in the review.

Data extraction
A JBI data extraction form was used to collect relevant
data from included studies.17 To minimize errors,
data extraction was performed by two independent
reviewers and discrepancies resolved by either
consensus or adjudication by a third reviewer. The
following parameters were obtained: date of publica-
tion, authors, study location, study design, number of
study participants and their demographic character-
istics, index test, and reference standard tests utilized
in the study. Sensitivity and specificity, true positive
(TP), false positive (FP), true negative (TN), and false
negative (FN) data for tests at each cut-off level were
obtained directly from the respective papers. Two-by-
two contingency tables were utilized for the purpose
of data extraction. For the purpose of this review (ie,
ability of PHI and p2PSA to determine aggressive
PCa), a positive reference standard was considered
a Gleason score of 7 or above. A negative reference
standard was considered a Gleason score of below 7
ora negativeprostate biopsy. A positive index test was
considered a PHI or p2PSA level above threshold
while a negative index test was considered a PHI or
p2PSA level below the threshold value. Patients with
positive index and reference tests were considered TP,
while those with a positive index and a negative
reference test were considered FP. Those with a nega-
tive index and a positive reference test were consid-
ered FN, while those with negative index and
reference tests were considered TN.

Where it was not possible to extract the afore-
mentioned parameters directly from included stud-
ies, they were calculated from the data provided.
This calculation was based on the two-by-two con-
tingency tables constructed for each test and cut-off
level as reported in each study. All studies where any
of these parameters were missing reported both
sensitivity and specificity at a certain threshold
value. As such, for each threshold value, TP was
determined by multiplying sensitivity by the number
of participants with the target condition (ie, refer-
ence standard was positive), and FN by subtracting
TP from the total number with the target condition.
Similarly, for each threshold value, TN was arrived
at by multiplying specificity by the number of par-
ticipants without the target condition (ie, reference
� 2021 JBI 1270
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SYSTEMATIC REVIEW R. Anyango et al.
standard was negative), and FP was determined by
subtracting TN from the total number without the
target condition.

Some of the included studies reported index test
accuracy at various pre-determined threshold values.
In such circumstances, TP, FP, TN, and FN were
determined for each threshold value reported. Where
no specific threshold value was reported but there
were sufficient data to fill in the contingency table,
the cut-off value recommended by Beckman Coulter
was utilized. Where there were incomplete or miss-
ing data useful for the review, an attempt was made
to contact the primary authors of included studies.

Data synthesis
The aim of data synthesis was to determine the
diagnostic performance of p2PSA and PHI in deter-
mining aggressive PCa based on the Gleason score
obtained from the results of tissue biopsy. Data
synthesis was performed in three steps. First, for
each study and at each threshold value specified,
sensitivity and specificity were determined and
results displayed on forest plots. Because included
studies utilized different cut-off values, significant
heterogeneity was bound to be present during
data synthesis. Consequently, we did not determine
summary measures of diagnostic accuracy for all
included studies. Instead, for PHI, the results were
categorized into three groups: PHI�25, PHI between
26 and 35, and PHI�36. Thereafter, the hierarchical
summary receiver operator characteristic (HSROC)
model was used to determine summary measures
(sensitivity, specificity) within these categories and
SROC curves with 95% confidence and prediction
regions were generated. Based on the aforemen-
tioned categorization of PHI, there was consider-
able overlap of studies between the categories. As
such, it was not possible to perform subgroup
analysis. However, sensitivity analysis was done
by omitting from each group the studies in which
blinding was unclear. Data analysis was performed
using STATA v.13 (Stata Corp LLC, Texas, USA)
and RevMan v5.3.5 (Copenhagen: The Nordic
Cochrane Center, Norway).

Assessing certainty in the findings
The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach for
assessing confidence in the quality of evidence was
utilized in this review and the results presented in a
JBI Evidence Synthesis
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Summary of Findings created using GRADEpro
(McMaster University, ON, Canada).

Results
Study inclusion
Figure 1 presents the study selection process.18 A
total of 2878 potentially relevant titles were identi-
fied through database searching. After correcting for
duplicates and screening titles and abstracts, 2772
studies were excluded and 106 potentially relevant
studies were identified for full-text review. Of these,
94 were excluded and the remaining 12 studies19-30

fulfilled the inclusion criteria and underwent criti-
cal appraisal. Reasons for exclusion for the 94
studies31-123 are provided in Appendix II.

Methodological quality
All studies that met the inclusion criteria underwent
methodological quality assessment by two indepen-
dent reviewers. Discrepancies were resolved by either
consensus or adjudication by a third reviewer. Over-
all, included studies were of good quality. In included
studies, all patients who were recruited were
included in the analysis (Q10). Similarly, every study
reported that all patients received the same reference
standard (Q9). The likelihood of interval bias across
included studies was low because an appropriate
time interval between index and reference tests was
noted in majority of included studies and was only
unclear in two studies (Q8).19,20 The reference stan-
dard and index tests were both interpreted without
knowledge of each other (Q4 and Q7) in seven stud-
ies,19,21-26 meaning that blinding was adequate. In all
studies, the reference standard used was likely to
correctly classify the condition of interest (Q6), mean-
ing that the likelihood of misclassification bias was
low. The threshold value for the index test was pre-
specified (Q5) in10 studies while in twostudies,23,27 it
was not specified. All included studies reported no
inappropriate exclusions (Q3), and a consecutive/
random sample of patients was recruited (Q1).
Two included studies employed a case-control design
(Q2).19,23 No study was excluded on the basis of study
quality. The methodological quality of included stud-
ies is presented in Table 1.

Characteristics of included studies
The key characteristics of the 12 studies included in
this review are described below. A summary is
provided in Table 2.
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Figure 1: Search results and study selection and inclusion process18
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Participants and setting
The included studies were performed in the period
from 1994 to 2018. Four studies were conducted in
the United States,19,22-24 five in Asia,20,21,26-28 one in
Europe,25 and one study was conducted in the Mid-
dle East.29 One study was conducted in separate
centers in Europe and Asia.30 The number of par-
ticipants enrolled in the studies ranged from 50 to
2488. Overall, a total of 8462 patients were
JBI Evidence Synthesis
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considered in this review, with ages ranging from
35 to 90 years. However, three studies exclusively
enrolled participants 45 years or older.23,28,29 One
study enrolled more than one set of participants.22

The first set was a primary cohort used to determine
the PHI cut-off value with the greatest specificity,
while the second/validation set of participants was
used to validate the PHI assay used in the primary
cohort.
� 2021 JBI 1272
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Table 1: Critical appraisal of included studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Total (%) Yes

Al Saidi et al. 201729 Y Y Y U Y Y U Y Y Y 80%

Chiu et al. 201621 Y Y Y Y Y Y Y Y Y Y 100%

Chiu et al. 201830 Y Y Y U Y Y U Y Y Y 80%

De la Calle et al. 201522 Y Y Y Y Y Y Y Y Y Y 100%

Furuya et al. 201727 Y Y Y U N Y U Y Y Y 70%

Hsieh et al. 201828 Y Y Y Y Y Y U Y Y Y 90%

Loeb et al. 201523 Y N Y Y N Y Y Y Y Y 80%

Loeb et al. 201319 Y N Y Y Y Y Y U Y Y 80%

Loeb et al. 201724 Y Y Y Y Y Y Y Y Y Y 100%

Na et al. 201720 Y Y Y U Y Y U U Y Y 70%

Seisen et al. 201525 Y Y Y Y Y Y Y Y Y Y 100%

Tan et al. 201726 Y Y Y Y Y Y Y Y Y Y 100%

Y, yes; U, unclear; N, no; JBI critical appraisal checklist for diagnostic test accuracy studies
Q1. Was a consecutive or random sample of patients enrolled?
Q2. Was a case-control design avoided?
Q3. Did the study avoid inappropriate exclusions?
Q4. Were the index test results interpreted without the knowledge of the results of the reference standard?
Q5. If a threshold was used, was it pre-specified?
Q6. Is the reference standard likely to correctly classify the target condition?
Q7. Were the reference standard results interpreted without knowledge of the results in the index test?
Q8. Was there an appropriate interval between the index and reference standard?
Q9. Did all patients receive the same reference standard?
Q10. Were all patients included in the analysis?

Table 2: Characteristics of included studies

Author, setting Study design Patient characteristics Results

Al Saidi,
Oman29

Prospective
cohort study

136 men, median age 64.5 years,
TPSA >4ng/mL and in whom 12
core biopsies were performed. No
mention of DRE findings. PHI was
the index test and Gleason score
was the reference standard.

Positive biopsy rate was 20.6% (28/136);
12.5% (17/136) had aggressive disease.

At a PHI threshold value of 41.9,
sensitivity was 82.1%, specificity was
80.6%, and area under the curve was
0.81 for detection of PCa.

Chiu, Hong
Kong21

Prospective
cohort study

569 men, median age of 66 years,
TPSA 4-10ng/mL and non-suspi-
cious findings on DRE. 10-core
biopsy technique performed. PHI
was the index test and Gleason
score the reference standard.

Positive biopsy rate was 10.9% (62/569);
2.8% (16/569) had aggressive disease.

At PHI threshold value of 35, the risk of
PCa was 25% while the risk of aggressive
disease was 8.6%.

Chiu, various
sites in Europe
and Asia30

Prospective
multicenter
study

1149 Asian and 503 European
men with normal DRE and TPSA
ranges of 2-20ng/mL. PHI was
the index test and Gleason score
was the reference standard.

Positive biopsy rate in the European
population was 52% (262/503); 23%
(115/503) had aggressive disease.

Positive biopsy rate was 13% (151/
1149) in the Asian population; 5.7%
(66/1149) had aggressive disease.
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Table 2: (Continued)

Author, setting Study design Patient characteristics Results

De la Calle,
USA22

Prospective
cohort study

561 men (primary cohort), mean
age 62.1 years, TPSA range and
number of biopsies not
mentioned.
395 men (validation cohort),
mean age 62.8 years, TPSA range
and number of biopsies not
mentioned.
PHI was the index test and
Gleason score was the reference
standard.

Positive biopsy rate 58.5% (328/561);
20.3% (114/561) had aggressive
cancer.

PHI threshold values ranged
from 24-34.3; sensitivity ranged from
80-95.6%; specificity ranged
from 34.9-64.8%.

Aggressive cancer detected in 30.9%
(122/395). At PHI threshold value of
24, sensitivity was 95.6% and specific-
ity of 34.9%.

In combined cohort, at a PHI threshold
value of 22.9, the sensitivity was 95%
and specificity was 30%.

Furuya, Japan27 Prospective
cohort study

50 men, median age 68.5 years
with TPSA 2-10ng/mL. 39/50
(78%) had negative DRE findings.
16- to 21-core biopsy was done
after prostate magnetic reso-
nance imaging. PHI was the
index test and Gleason score
was the reference standard.

Positive biopsy rate was 66% (33/50);
42% (21/50) had aggressive disease.

At PHI threshold value >38.7 for PCa,
sensitivity was 63.6%; specificity was
76.5%; PPV was 84%; and NPV was
52%.

Hsieh, Taiwan28 Prospective
observational
study

154 men with TPSA 4-10ng/mL
with/without normal DRE find-
ings and in whom 12-core biopsy
was done. Mean age of 65.5
years. PHI was the index test
and Gleason score was the
reference standard.

Positive biopsy rate was 23.4% (36/
154); 16.9% (26/154) had aggressive
disease.

The probability of prostate cancer at
PHI threshold values of 0-26.9, 27-
35.9, 36-54.9, and �55 was 10.26%,
20%, 43.75%, and 77.78%, respectively

Loeb, USA23 Observational
study

658 men, median age 63 years,
TPSA 2-10ng/mL, 97.8% had
>10 core biopsies. Both PHI and
p2PSA were assessed as index
tests, and Gleason score was the
reference standard.

Positive biopsy rate was 49.2% (324/
658); 16.6% (109/658) had aggressive
disease.

PHI threshold values ranged
from 28.1-31.9; sensitivity ranged from
80-95%; specificity ranged from
27.4-46.4%.

p2PSA threshold values ranged from
7.9-10.9; sensitivity ranged from 80-
95%; specificity ranged from 9.9-
27.9%.
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Table 2: (Continued)

Author, setting Study design Patient characteristics Results

Loeb, USA19 Prospective
multicenter
study

892 men, 50 years or older with
TPSA range 2-10ng/mL and
benign findings on DRE. At least
a 6-core biopsy was undertaken.
PHI was the index test and
Gleason score was the reference
standard.

Positive biopsy rate was 48.2% (430/
892); 15.6% (139/892) had aggressive
disease.

At PHI threshold value of 0-28.9, 29-
39.9, 40-61.9, and �62, the risk of PCa
was 11.3%, 18%, 34%, and 49.6%,
respectively, while the risk of aggres-
sive disease was 11%, 30%, 48%, and
50%, respectively.

Loeb, USA24 Prospective
observational
study

728 men, median age 62.8 years,
TPSA 2-10 ng/mL, all had 6-core
biopsies. PHI was the index test
and Gleason score was the refer-
ence standard.

16.2% (118/728) had aggressive cancer.

PHI threshold values ranged from
15-34; sensitivity ranged from
73.7-99.7%; specificity ranged from
15-55.9%; PPV ranged from 2-7.3%; and
NPV ranged from 95.7-98.1%.

Na, China20 Prospective
multicenter
cohort study

1538 men, mean age 66.95 years
with no TPSA restriction. PHI
was the index test and Gleason
score was the reference
standard.

Positive biopsy rate was 40.2% (618/
1538); 31.7% (488/1538) had aggres-
sive disease.

PHI threshold value ranged from
18-35. Sensitivity for detecting PCa
ranged from 92-99.5%, while specific-
ity ranged from 15.1-59.8%. Sensitivity
for detecting aggressive disease ranged
from 96.3-99.8%, while specificity
ranged from 13.4-55.3%.

Seisen, France25 Prospective
observational
cohort study

138 men, median age 63.4 years,
TPSA 4-20ng/mL, no mention of
core biopsies. PHI was the index
test and Gleason score was the
reference standard.

Positive biopsy of 44.9% (62/138);
aggressive cancer 28.3% (39/138).

PHI threshold value >40, with sensitiv-
ity of 66.7%, specificity of 73.7%, NPV
of 84.9%, and PPV of 50%.

Tan,
Singapore26

Observational
prospective
study

157 men, median age 65 years,
TPSA 4-10ng/mL, no report on
biopsies. PHI was the index test
and Gleason score was the refer-
ence standard.

Positive biopsy rate 19.1% (30/157);
12.1% (19/157) had aggressive cancer.

At PHI threshold value of 26.75, sensi-
tivity was 90% and specificity 55.1%.

DRE, digital rectal examination; NPV, negative predictive value; p2PSA, [-2]proPSA; PCa, prostate cancer; PHI, Prostate Health Index; PPV, positive predictive value; PSA,
prostate specific antigen; TPSA, total prostate specific antigen.

SYSTEMATIC REVIEW R. Anyango et al.
Eleven studies considered tPSA values as part of
the inclusion criteria.19-21,23-30 In four of these stud-
ies, tPSA in the range 2 to 10ng/mL was consid-
ered,19,23,24,27 while in three studies tPSA in the
range 4 to 10ng/mL was considered.21,26,28 Two
studies had an expanded tPSA range of up to
JBI Evidence Synthesis
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20ng/mL: 2 to 20ng/mL for the study by Chiu
et al.30 and 4 to 20 ng/mL for the study by Seisen
et al.25 The remaining two studies specified no limits
of tPSA.20,29 Exclusion criteria were mentioned in 10
studies.19-22,24-29 They included a history of acute
bacterial prostatitis, initial prostate biopsy, previous
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prostate surgery, and therapy with 5-alpha reductase
inhibitors (5-ARI). Two studies did not explicitly
state the exclusion criteria used.23,30

Index and reference tests
All 12 studies that met the inclusion criteria exam-
ined PHI as an index test. They all utilized the
Beckman Coulter immunoassay analyzer. One
study, however, recalculated the index test using
World Health Organization calibration values.19

One study explicitly mentioned that the PHI immu-
noassay was run by technologists.22 Two studies
assessed additional index tests (ie, PCA25 and mag-
netic resonance imaging27). Among the studies that
assessed PHI,19-25,27-30 mean values were higher in
men diagnosed with aggressive PCa compared to
those who had indolent or no disease. Only one
study assessed p2PSA. The Gleason score was the
reference standard in all included studies as deter-
mined from prostate biopsy specimens taken before
initiation of therapy. In nine studies, prostate biop-
sies were performed by transrectal ultrasound guid-
ance,20-22,25-30 while in three studies, there was no
mention of how prostate biopsies were per-
formed.19,23,24 Eleven studies reported the number
of core biopsies taken,19-21,23-30 and they ranged
from six to 21. This increases the accuracy of detect-
ing PCa in biopsy samples. One study did not specify
the number of core biopsies taken.22 A pathologist
was involved in determining the Gleason score in
seven studies.20,22,25-28,30 However, only four stud-
ies explicitly stated that a uropathologist was
involved in determining Gleason scores.21,25,26,28

Diagnosis of interest
All included studies reported data on aggressive PCa
as determined by the Gleason score. However, in
addition to the Gleason score, one study also utilized
the Epstein criteria to define significant/aggressive
PCa.23 Detection rates for aggressive PCa (using
Gleason score) ranged from 2.8%21 to 42.8%20 of
all patients enrolled in the included studies. Only one
study reported exclusively on aggressive PCa.24 The
remaining 11 studies included data on both overall
and aggressive PCa detection rates.

Four studies attempted to determine clinical and
biochemical factors associated with aggressive
PCa.22,23,25,26 Seisen et al. found that except for
PHI, PCA-3, and PSA density, there were no signifi-
cant clinical or biochemical differences between
JBI Evidence Synthesis
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patients with or without significant PCa.25 Both
Tan and De la Calle reported that PHI was associ-
ated with a significant chance of detecting aggressive
PCa.22,26 In another study, Loeb and colleagues
showed that a history of prostate biopsy as well as
a larger prostate volume were significantly associ-
ated with a lower risk of overall and aggressive
PCa.23 Their study also pointed to PHI being a
significant predictor of aggressive PCa regardless
of whether aggressiveness was determined by Glea-
son score or Epstein criteria.

Review findings
The findings from the 12 included studies are pre-
sented below. They are stratified according to
index test.

Accuracy of PHI for determining aggressive
prostate cancer
The overall sensitivity of PHI for determining aggres-
sive PCa ranged from 65% to 100% while specificity
ranged from 1% to 81%. Generally, sensitivity
decreased with increasing PHI values while specific-
ity increased with increasing PHI values. Figure 2
presents forest plots depicting sensitivity and speci-
ficity from each included study stratified according
to PHI threshold level. At a PHI value of 25 and
below, overall sensitivity was 97% (95% confidence
interval [CI], 95% to 98%); overall, specificity was
10% (95% CI, 6% to 16%). For PHI from 26 to 35,
overall sensitivity was 87% (95% CI, 81% to 91%)
and overall specificity was 45% (95% CI, 39% to
50%). For PHI of 36 and above, overall sensitivity
was 72% (95% CI, 64% to 79%) and specificity was
74% (95% CI, 68% to 80%). For each of the three
categories of PHI, sensitivity analysis by omitting
studies in which blinding was unclear revealed simi-
lar results. The SROC curves with 95% confidence
and prediction regions are presented in Figures 3–5.

Accuracy of p2PSA for determining aggressive
prostate cancer
Only one study23 examined the accuracy of p2PSA
for determining the aggressiveness of PCa (Table 3).
In this study, sensitivity ranged from 80% to 95%
while specificity ranged from 9.9% to 27.9%. At a
cut-off value of 10.9 for p2PSA, sensitivity was 80%
while specificity was 27.9%. At a cut-off value of
10.2, sensitivity was 85% while specificity was 23%.
At a cut-off value of 8.6, sensitivity was 90% while
� 2021 JBI 1276
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Figure 2: Forest plot of sensitivity and specificity of Prostate Health Index at various threshold values.
Letters after the study author’s name are used when a single study had multiple threshold values
assessed.
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Figure 3: Summary receiver operator characteristics curve (solid curved line), summary point (shaded
spot) with 95% confidence and prediction regions (inner and outer dotted lines) for Prostate Health
Index cut-off of 25 and below. The unshaded spots represent individual studies included in the analysis.
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specificity was 13.1%. At a cut-off value of 7.9,
sensitivity was 95% while specificity was 9.9%.

Discussion

This review aimed to synthesize the best available
evidence on the accuracy of p2PSA and PHI in
detecting the aggressive form of PCa. While there
have been previous attempts at determining the
accuracy of these two tests for determining aggres-
sive PCa, we endeavored to include the most recent
relevant studies while utilizing a more rigorous sys-
tematic review methodology than previously
reported. Overall, we found that test sensitivity
was higher with lower index test values while speci-
ficity was higher with higher index test values
JBI Evidence Synthesis
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(threshold effect). In the context of PCa, better
specificity translates to a reduction in unnecessary
biopsies and possibly unwarranted therapy. How-
ever, higher specificity is also accompanied by lower
sensitivity meaning that the likelihood of missing an
aggressive cancer is equally increased. As such, while
both p2PSA and PHI are known to be better than
PSA alone, they are not in themselves perfect tests
and the dilemma surrounding detection of aggressive
PCa remains.

These results are comparable to those of similar
but older reviews. In the review by Russo et al.,14

seven studies evaluated the accuracy of PHI for
aggressive PCa. Although there was no explicit defi-
nition of aggressive PCa, the other inclusion criteria
were similar to those of the present review. Further,
� 2021 JBI 1278
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Figure 4: Summary receiver operator characteristics curve (solid curved line), summary point (shaded
spot) with 95% confidence and prediction regions (inner and outer dotted lines) for Prostate Health
Index cut-off of 26 to 35. The unshaded spots represent individual studies included in the analysis.
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they also identified a large variability in threshold
values utilized for positivity. They reported an over-
all sensitivity of 93% and specificity of 34%. Wang
et al. reported on the outcome of meta-analysis of
five studies assessing the utility of PHI for detecting
aggressive PCa. Overall sensitivity was 90% while
specificity was 17%. In our review, we managed to
include more recent primary studies and opted to
manage the varying thresholds present in included
studies by stratifying the reported cut-off values into
three subcategories (Figure 2). The main reasoning
behind this decision was that in a number of studies,
different cut-off values were investigated, resulting
in an array of positivity thresholds. Subcategorizing
JBI Evidence Synthesis
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afforded the ability to better demonstrate the inverse
relationship between sensitivity and specificity,
attempt to reduce heterogeneity, and perform a less
biased meta-analysis.

The majority of included studies in this review
recruited men with tPSA levels between 2 and 20ng/
mL (ie, the diagnostic gray area). This is similar to
the other reviews on this topic. This population is
particularly troublesome because this is the range in
which tPSA has poorest specificity, especially when
combined with an unremarkable rectal examination.
It is already known that both PHI and p2PSA are
better than PSA alone at detecting PCa. However,
high-risk PCa accounts for less than 15% of newly
� 2021 JBI 1279
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Figure 5: Summary receiver operator characteristics curve (solid curved line), summary point (shaded
spot) with 95% confidence and prediction regions (inner and outer dotted lines) for Prostate Health
Index cut-off of 36 and above. The unshaded spots represent individual studies included in the analysis.
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diagnosed cases, meaning the vast majority of can-
cers of the prostate are indolent and best served with
minimal intervention. As such, and as stated by
Table 3: Accuracy of [-2]proPSA for detecting
aggressive prostate cancer at different threshold
values

Study Threshold Sensitivity Specificity

Loeb/USA23 7.9 0.95 0.099

8.6 0.9 0.131

10.2 0.85 0.23

10.9 0.8 0.279

JBI Evidence Synthesis
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Russo and colleagues,14 a useful biomarker for
PCa is one that is sufficiently capable of identifying
the aggressive form of disease. Indeed, this has been
the main push behind the ongoing efforts to identify
new biomarkers for prostatic cancer.

Based on the findings of this review and the
current recommendations for clinical practice, we
contend that the sole use of these newer biomarkers
may be inappropriate because they are only margin-
ally better than PSA. Rather, they may be more
useful when employed using an algorithmic
approach to patient management. At present, digital
rectal examination and PSA levels are employed in
the detection of PCa. An abnormal rectal examina-
tion irrespective of PSA levels warrants biopsy.
� 2021 JBI 1280
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Similarly, highly elevated PSA levels warrant biopsy
and are more likely to signal advanced disease.
However, for patients with PSA levels within the
aforementioned diagnostic gray area and normal
rectal examination, there may be a role for the newer
biomarkers. Stattin and colleagues124 in Sweden
showed that 4-Kallikrein was able to discriminate
men with PSA levels in the gray area who need
further testing due to high risk of PCa progression.
Various studies have shown that both 4-Kallikrein
and PHI are equally accurate in detecting aggressive
PCa. Thus, for men with slight to modest elevations
in PSA levels and who are unlikely to have aggressive
PCa based on the newer biomarkers, a less aggressive
approach to therapy may be employed because the
risk of disease progression in this group of men is
low. However, such an approach warrants more
research.

We found only one study that attempted to deter-
mine the utility of p2PSA for the determination of
aggressive PCa. The most probable reason for this is
that p2PSA is one parameter needed for the deter-
mination of PHI and, therefore, researchers in this
field may find it superfluous to study a marker they
are already researching, albeit indirectly. Nonethe-
less, from the available data, p2PSA seems to have
acceptable accuracy in detecting aggressive PCa,
although it also displays an inverse relationship
between sensitivity and specificity. At present, it is
not prudent to compare it directly to PHI because the
available data are from one study that simulta-
neously studied PHI.

The overall risk of bias in this review was low. All
included studies scored 70% and above on the JBI
critical appraisal checklist for diagnostic test accu-
racy. Blinding was unclear among a selection of
included studies, and this formed the basis for
sensitivity analysis. However, there was not much
difference in summary measures between studies
that performed blinding and those in which it was
unclear (results not shown). Therefore, we contend
that the impact of unclear blinding among some of
the included studies is likely to be small and, thus,
the impact on the results is equally likely to be small.
In addition to blinding, the studies included in this
review had differences in terms of the population
characteristics, threshold values, and number of
core biopsies taken. These factors may affect the
accuracy of both the index and reference tests, and
ultimately affect the internal validity of our
JBI Evidence Synthesis
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findings. This review also only included studies
published in English thereby introducing the risk
of publication bias and affecting external validity.
Nonetheless, our extensive search did not reveal
any relevant studies in other languages that would
have forced exclusion based on language. As a
strength, we included more recent studies in this
review and attempted to consider the effect of
variable thresholds of PHI in the overall accuracy
of this biomarker.

Conclusion

This review shows that PHI and p2PSA are potential
biomarkers for the detection of aggressive PCa.
However, the inverse relationship between sensitiv-
ity and specificity makes it difficult to determine an
optimum cut-off value for positivity. Nonetheless,
further research is warranted to determine their
utility in the management of PCa.

Recommendations for practice
While the available evidence shows that both p2PSA
and PHI may have acceptable accuracy for the
detection of aggressive PCa, this observation is based
on low-quality evidence (GRADE ranking). How-
ever, a weak recommendation for their use may be
made, and they should be employed in conjunction
with other clinical parameters such as rectal exami-
nation and imaging findings to help guide clinical
decision-making.

Recommendations for research
There is wide variability in the cut-off values utilized
in determining the positivity of p2PSA and PHI for
aggressive PCa. As such, further research is war-
ranted to determine the optimum cut-off value that
can be applied in clinical practice as well as deter-
mine the true role of these tests in the management of
aggressive PCa. In particular, future research should
focus on the utility of these biomarkers in aiding
determination of therapy (surgery versus radio-
therapy versus hormonal therapy) and post-therapy
follow-up.
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Appendix I: Search strategy
J

Database
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Records

retrieved
MEDLINE (PubMed;

Last search January

2019)
((((((prostate cancer[Title/Abstract]) OR prostate cancer[MeSH Terms]) OR

significant prostate cancer[Title/Abstract]) OR aggressive prostate cancer[Ti-

tle/Abstract])) AND ((((((((predictive value�[Title/Abstract]) OR likelihood

ratio[Title/Abstract]) OR specificity[MeSH Terms]) OR specificity[Title/

Abstract]) OR sensitivity[MeSH Terms]) OR sensitivity[Title/Abstract]) OR

accuracy[MeSH Terms]) OR accuracy[Title/Abstract])) AND (((((prostatic

health index[MeSH Terms]) OR prostatic health index[Title/Abstract]) OR

PHI[Title/Abstract]) OR p2PSA[Title/Abstract]) OR p2PSA)
155
Embase (Elsevier;

Last search January

2019)
((‘prostate cancer’/exp/mj OR ‘prostate cancer’:ab,ti OR ‘significant prostate
cancer’:ab,ti OR ‘aggressive prostate cancer’:ab,ti) AND (‘predictive value’/
exp/mj OR ‘predictive value’:ab,ti OR ‘likelihood ratio’/exp/mj OR ‘likelihood
ratio’:ab,ti OR ‘sensitivity and specificity’/exp/mj OR ‘specificity’:ab,ti OR
‘sensitivity’:ab,ti OR ‘accuracy’:ab,ti) AND (‘prostatic health index’:ab,ti OR
‘PHI’:ab,ti OR ‘p2PSA’:ab,ti))
269
Cochrane Central

Register of Con-

trolled Trials (CEN-

TRAL; Last search

January 2019)
MeSH descriptor: [Prostatic Neoplasms] AND (prostate health index:ti,ab,kw

OR p2PSA:ti,ab,kw OR pro-PSA:ti,ab,kw) AND (MeSH descriptor: [Sensitivity

and Specificity] OR MeSH descriptor: [Predictive Value of Tests] OR

accuracy:ti,ab,kw)
9

CINAHL (EBSCO;

Last search January

2019)
(((TI ‘‘prostate cancer’’) OR (AB ‘‘prostate cancer’’) OR (MH ‘‘Prostatic
Neoplasms’’) OR (TI ‘‘significant prostate cancer’’) OR (AB ‘‘significant prostate
cancer’’) OR (TI ‘‘aggressive prostate cancer’’) OR (AB ‘‘aggressive prostate

cancer’’)) AND ((TI ‘‘predictive value’’) OR (AB ‘‘predictive value’’) OR (MH

‘‘predictive validity’’) OR (TI ‘‘likelihood ratio’’) OR (AB ‘‘likelihood ratio’’) OR
(MH ‘‘Sensitivity and Specificity’’) OR (TI ‘‘specificity’’) OR (AB ‘‘specificity’’) OR
(TI ‘‘sensitivity’’) OR (AB ‘‘sensitivity’’) OR (MH ‘‘Validity’’) OR (TI ‘‘accuracy’’) OR
(AB ‘‘accuracy’’)) AND ((TI ‘‘prostatic health index’’) OR (AB ‘‘prostatic health
index’’) OR (TI ‘‘PHI’’) OR (AB ‘‘PHI’’) OR (TI ‘‘p2PSA’’) OR (AB ‘‘p2PSA’’)))
14
Web of Science

(Last search January

2019)
Prostatic health index OR p2psa
 893
MedNar (Last

search January

2019)
Prostatic health index

P2PSA
1344

192
System for Informa-

tion on Grey Litera-

ture (SIGLE) (Last

search January

2018)
Prostate health index

Prostatic health index

P2PSA
3

0

0

Total
 2879
I 1288
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Appendix II: Studies ineligible following full-text review
J
BI Evidence Synthesis

© 2
Author
021 JBI. Unauthorized repro
Reason for exclusion
1.
 Cantiello et al.31
 Reference standard not biopsy Gleason score
2.
 Chiu et al.32
 Reference standard not biopsy Gleason score
3.
 Dolejsova et al.33
 Reference standard not biopsy Gleason score
4.
 Druskin et al.34
 No Prostate Health Index threshold defined
5.
 Eminaga et al.35
 Reference standard not biopsy Gleason score
6.
 Ferro et al.36
 Insufficient data on aggressive prostate cancer
7.
 Ferro et al.37
 Reference standard not biopsy Gleason score
8.
 Ferro et al.38
 Conference abstract/proceedings
9.
 Fillela et al.39
 Insufficient data on aggressive prostate cancer
10.
 Friedl et al.40
 Insufficient data on aggressive prostate cancer
11.
 Le et al.41
 Insufficient data on aggressive prostate cancer
12.
 Mearini et al.10
 Insufficient data on aggressive prostate cancer
13.
 Na et al.42
 Insufficient data on aggressive prostate cancer
14.
 Osredkar et al.43
 Insufficient data on aggressive prostate cancer
15.
 Perdona et al.44
 Insufficient data on aggressive prostate cancer
16.
 Sanchis-bonet et al.45
 Insufficient data on aggressive prostate cancer
17.
 Schwen et al.46
 Reference standard not biopsy Gleason score
18.
 Stephan et al.47
 Reference standard not biopsy Gleason score
19.
 Tosoian et al.48
 Reference standard not biopsy Gleason score
20.
 Lazzeri et al.49
 Insufficient data on aggressive prostate cancer
21.
 Chiu et al.50
 Insufficient data on aggressive prostate cancer
22.
 Boegemann et al.51
 Insufficient data on aggressive prostate cancer
23.
 Guazzoni et al.52
 Insufficient data on aggressive prostate cancer
24.
 Fossati et al.53
 Insufficient data on aggressive prostate cancer
25.
 Fujizuka et al.54
 Insufficient data on aggressive prostate cancer
26.
 Stephan et al.55
 Insufficient data on aggressive prostate cancer
27.
 Jansen et al.56
 Insufficient data on aggressive prostate cancer
28.
 Ng et al.57
 Insufficient data on aggressive prostate cancer
29.
 Nordstrom et al.58
 Insufficient data on aggressive prostate cancer
30.
 Sriplakich et al.59
 Insufficient data on aggressive prostate cancer
31.
 Abrate et al.60
 Conference abstract/proceedings
32.
 Barisiene et al.61
 Conference abstract/proceedings
33.
 Basso et al.62
 Conference abstract/proceedings
34.
 Bektic et al.63
 Conference abstract/proceedings
� 2021 JBI 1289

duction of this article is prohibited.



SYSTEMATIC REVIEW R. Anyango et al.
(Continued )
J
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© 2
Author
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Reason for exclusion
35.
 Bektic et al.64
 Conference abstract/proceedings
36.
 Blanchet et al.65
 Conference abstract/proceedings
37.
 Blanchet et al.66
 Conference abstract/proceedings
38.
 Blanchet et al.67
 Conference abstract/proceedings
39.
 Bordas et al.68
 Conference abstract/proceedings
40.
 Dolejsova et al.69
 Conference abstract/proceedings
41.
 Fiala et al.70
 Conference abstract/proceedings
42.
 Filella et al.71
 Conference abstract/proceedings
43.
 Fillee et al.72
 Conference abstract/proceedings
44.
 Foley et al.73
 Conference abstract/proceedings
45.
 Gnanapragasam et al.74
 Conference abstract/proceedings
46.
 Guery et al.75
 Conference abstract/proceedings
47.
 Ito et al.76
 Insufficient data on aggressive prostate cancer
48.
 Ito et al.77
 Conference abstract/proceedings
49.
 Ito et al.78
 Conference abstract/proceedings
50.
 Klecka et al.79
 Conference abstract/proceedings
51.
 Kucera et al.80
 Conference abstract/proceedings
52.
 Lalic et al.81
 Conference abstract/proceedings
53.
 Larcher et al.82
 Conference abstract/proceedings
54.
 Lazzeri et al.83
 Conference abstract/proceedings
55.
 Lazzeri et al.84
 Conference abstract/proceedings
56.
 Lazzeri et al.85
 Conference abstract/proceedings
57.
 Lazzeri et al.86
 Conference abstract/proceedings
58.
 Loeb et al.87
 Conference abstract/proceedings
59.
 Lughezzani et al.88
 Conference abstract/proceedings
60.
 Lukic et al.89
 Conference abstract/proceedings
61.
 McNicholas et al.90
 Conference abstract/proceedings
62.
 McNicholas et al.91
 Conference abstract/proceedings
63.
 Miyakubo et al.92
 Conference abstract/proceedings
64.
 Nordstrom et al.93
 Conference abstract/proceedings
65.
 Park et al.94
 Insufficient data on aggressive prostate cancer
66.
 Pepdjonovic et al.95
 Conference abstract/proceedings
67.
 Perdona et al.96
 Conference abstract/proceedings
68.
 Perdona et al.97
 Conference abstract/proceedings
69.
 Porpiglia et al.98
 Conference abstract/proceedings
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Reason for exclusion
70.
 Porpiglia et al.99
 Conference abstract/proceedings
71.
 Regis et al.100
 Conference abstract/proceedings
72.
 Roobol et al.101
 Conference abstract/proceedings
73.
 Sanchis-bonet et al.102
 Conference abstract/proceedings
74.
 Sanda et al.103
 Conference abstract/proceedings
75.
 Scattoni et al.104
 Conference abstract/proceedings
76.
 Scattoni et al.105
 Conference abstract/proceedings
77.
 Scattoni et al.106
 Conference abstract/proceedings
78.
 Semjonow et al.107
 Conference abstract/proceedings
79.
 Sokoll et al.108
 Conference abstract/proceedings
80.
 Stephan et al.109
 Conference abstract/proceedings
81.
 Stephan et al.110
 Conference abstract/proceedings
82.
 Stephan et al.111
 Conference abstract/proceedings
83.
 Stephan et al.112
 Conference abstract/proceedings
84.
 Stephan et al.113
 Conference abstract/proceedings
85.
 Sugimoto et al.114
 Conference abstract/proceedings
86.
 Tan et al.115
 Conference abstract/proceedings
87.
 Thompson et al.116
 Conference abstract/proceedings
88.
 Tsang et al.117
 Conference abstract/proceedings
89.
 Veltri118
 Conference abstract/proceedings
90.
 Vincendeau et al.119
 Conference abstract/proceedings
91.
 Vincendeau et al.120
 Conference abstract/proceedings
92.
 Xie et al.121
 Conference abstract/proceedings
93.
 Yu et et al.122
 Conference abstract/proceedings
94.
 Yuwono et al.123
 Conference abstract/proceedings
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