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What’s known on the subject? and What does the study add?
Despite the popularity of PSA blood testing for prostate cancer, there are a number of
important limitations of this popular serum marker including the limited ability to
accurately distinguish patients with and without prostate cancer and those who harbour
an aggressive form of the disease. This is especially true when the total PSA is <10 ng/
mL. Thus, significant efforts have been placed to find new serum markers that can help
overcome these limitations.
In this review article, we discuss the emerging role of the various precursor forms of
PSA (proPSAs), with a special emphasis on [-2]proPSA in the detecion and management
of early prostate cancer. The clinical utility of Prostate Health Index (phi) is also
discussed.

• Despite the overall success of prostate-specific antigen (PSA) blood test, its use as a
serum marker for prostate cancer has been limited due to the lack of specificity, especially in
men presenting with a total PSA (tPSA) level of <10 ng/mL. PSA testing has also resulted in
an increase in the number of patients being diagnosed with low-grade, potentially clinically
insignificant prostate cancer.
• There is therefore an urgent need for new markers that can accurately detect as well as
differentiate patients with aggressive vs unaggressive prostate cancer.
• In this review, we discuss the emerging role of precursor forms of PSA (proPSAs) and the
Prostate Health Index (phi) measurement in the detection and management of early stage
prostate cancer.
• A literature search was conducted using PubMed® to identify key studies.
• Studies to date suggest that [-2]proPSA, a truncated form of proPSA is the most
cancer-specific form of all, being preferentially expressed in cancerous prostatic epithelium
and being significantly elevated in serum of men with prostate cancer.
• There is evidence to suggest that %[-2]proPSA measurement ([-2]proPSA/free PSA [fPSA]
× 100) improves the specificity of both tPSA and fPSA in detecting prostate cancer.
• phi incorporating [-2]proPSA, fPSA and tPSA measurements has also yielded promising
results and appears superior to tPSA and fPSA in predicting those patients with prostate
cancer. Increased phi levels also seem to preferentially detect patients harbouring more
aggressive disease.
• Further studies in the form of large, multicentre, prospective trials with detailed health
economic analyses are required to evaluate the true clinical applicability of these novel
markers.
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ROLE OF proPSAs IN THE DETECTION AND MANAGEMENT OF EARLY PROSTATE CANCER

INTRODUCTION

PSA (also known as human kallikrein 3 [hk3]) belongs to a family of proteases known as kallikreins that are encoded by a
cluster of genes located within a 300 kb region on human chromosome 19q13.4 [1,2]. PSA is an androgen-regulated
chymotrypsin-like serine protease that is produced in high levels within the prostatic ductal and acinar epithelium. PSA is
initially produced with a 17 amino acid leader sequence that is cleaved to produce an inactive precursor enzyme (proPSA)
containing a seven amino acid pro-leader peptide in addition to the 237 amino acids of mature PSA [3–5]. Once secreted
into the prostatic ducts, the pro-leader peptide is removed and the proPSA becomes rapidly activated to PSA by hk2 and
hk4 [3,6]. In the seminal fluid, PSA functions to cleave the gel proteins seminogelin I and II, leading to the liquefaction of
the semen [7]. In healthy men, the normally tight and orderly prostatic glandular architecture functions to confine the
enzymatically active PSA to within the prostate gland. Only a minute amount of PSA ever leaks in to the circulation,
resulting in a concentration a million-fold lower in serum (<4 ug/L) than that in the seminal plasma (0.5–5 g/L) [8]. This
dramatic disparity in concentration between the serum and seminal fluid may be one reason why PSA has evolved to
become a useful serum marker for prostatic disease.

Despite the overall success of PSA, its use
as a serum marker for prostate cancer
(especially early stage prostate cancer) is far
from ideal. The primary limitation of PSA
has been its inability to accurately
distinguish between a benign and malignant
pathology [9]. This is especially true in the
total PSA (tPSA) range of 2–10 ng/mL where
benign and malignant prostatic conditions
frequently co-exist (the so called diagnostic
‘grey zone’). It is now clear that even at PSA
levels previously considered normal (<4 ng/
mL), a small but significant proportion of
men will be found to have cancer. In the
PSA ranges of <0.5, 0.6–1.0, 1.1–2.0, 2.1–3.0
and 3.1–4.0 ng/mL, ≈6.6%, 10.1%, 17%,
23.9% and 26.9% of patients will be found
to have cancer on prostatic biopsies,
respectively [10]. Of greater concern is that
clinically significant prostate cancer
(Gleason ≥7) may occur in ≈15% of patients
who present with a low PSA level of <4 ng/
mL [9]. Thus, considerable efforts have been
made to find new PSA markers that can not
only accurately detect prostate cancer but
also, more crucially, differentiate between
clinically significant and insignificant
prostate cancers. In this regard, our
increased understanding of the composition
of PSA in serum has been pivotal in helping
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to identify new
potential PSA
biomarkers.

‘Despite the overall success of PSA, its use as a
serum marker for prostate cancer (especially
early stage prostate cancer) is far from ideal’

In serum, most
tPSA (80–95%)
exists as a complexed form (cPSA) with a
number of different endogenous protease
inhibitors (e.g. α1 anti-chymotrypsin, α2
macroglobulin) [11,12]. These protease
inhibitors function to prevent potentially
damaging protease activity of PSA. However,
a small proportion of PSA exists in an
uncomplexed or ‘free’ form, which was
assumed to be enzymatically inactive. It is
now known that this free PSA (fPSA)
fraction is composed of at least three
different types of enzymatically inactive
PSA: benign PSA (BPSA), intact inactive PSA
and proPSA, of which BPSA and proPSA are
the best characterised (Fig. 1) [13]. BPSA is a
degraded form of PSA that is identical to
the native, mature PSA with 237 amino
acids but contains two internal peptide
bond cleavages at Lys182 and Lys145.
Immunohistochemical studies have shown
that BPSA is expressed preferentially in the
transitional zone of the prostate and is
associated with pathological BPH [14,15]. In
contrast, proPSAs are expressed almost

exclusively in the peripheral zone of the
prostate where most prostate cancers are
known to emerge [16].
Truncated forms of proPSAs were first
identified in serum of patients with prostate
cancer in 1997 [17]. These truncated
proPSAs have their normal seven amino
acids pro-leader peptides removed by
post-translational proteolytic cleavage
resulting in a shorter pro-leader peptide of
varying amino acid numbers (Fig. 2). By
subjecting the pooled serum of patients
with prostate cancer (containing 63 ng/mL
tPSA) to hydrophobic interaction
chromatography-HPLC techniques,
Mikolajczyk et al. [17] were able to resolve
proPSAs into two different peaks containing
different truncated versions of proPSA:
namely [-5, -7] proPSA and [-4] proPSA.
Subsequent studies on prostate tissues
revealed that proPSAs were preferentially
elevated in the peripheral zone of prostatic
tissues containing cancer whilst remaining
largely undetectable in the transitional
2
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FIG. 1. Molecular forms of PSA. Most of the PSA in serum exists in a complexed form with several different
endogenous protease inhibitors, e.g. α1 anti-chymotrypsin. fPSA on the other hand exists in an
uncomplexed form and is comprised of proPSAs, BPSA and intact PSA. proPSA is associated with cancer,
BPSA with benign diseases whilst the association of intact PSA is currently unknown. Adapted from
Mikolajczyk et al. [13], with permission from Elsevier.
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FIG. 2. ProPSA molecules. The native proPSA (otherwise known as [-7]proPSA) exists in a truncated form
containing a seven amino acid N-terminal pro-leader peptide (APLILSR). Post-translational proteolytic
cleavage by hk2 or hk4 results in the release of the active form of PSA. Partial cleavage of [-7]proPSA
results in the shortening of the seven amino acid pro-leader peptide to form [-5]proPSA (LILSR),
[-4]proPSA (ILSR) and [-2]proPSA (SR) with release of mature PSA from [-5] and [-4]proPSAs. As [-2]proPSA
cannot be cleaved further, this isoform accumulates preferentially in the serum of men with prostate
cancer.
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zone of the prostate [16]. Furthermore,
amino acid sequencing showed that the
proPSA comprised primarily of a truncated
form of proPSA that contains a pro-leader
peptide consisting
of only two
‘serum proPSAs gained attention as a
([-2]proPSA) rather
potentially more cancer-specific form of PSA
than the usual
that may help overcome the current limitations seven amino acids
([-7]proPSA). Thus,
of PSA, that is, to be able to help reliably
serum proPSAs
differentiate between prostate cancer and
gained attention
as a potentially
benign prostatic disease’
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more cancer-specific form of PSA that may
help overcome the current limitations of
PSA, that is, to be able to help reliably
differentiate between prostate cancer and
benign prostatic disease.
In this review, we discuss the emerging role
of proPSA isoforms, with a special emphasis
on [–2]proPSA in the detection and
management of early stage prostate cancer.
The clinical utility of the Beckman Coulter
Prostate Health Index (phi) will also be
discussed.
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ROLE OF proPSAs IN THE DETECTION AND MANAGEMENT OF EARLY PROSTATE CANCER

METHODS
A literature search was performed on
PubMed® until March 2012 to identify key
studies looking at the association between
proPSA, phi and prostate cancer. The search
terms included: ‘proprostate specific
antigen’, ‘pro-prostate specific antigen’,
‘pPSA’, ‘proPSA’, ‘precursor PSA’, ‘proenzyme
prostate specific antigen’, ‘proenzyme PSA’,
‘[-2]proPSA’, ‘[-4]proPSA’, ‘[-5]proPSA’,
‘[-7]proPSA’ and ‘Prostate Health Index’. The
search was restricted to publications in the
English language and publications were
selected according to relevance to the
subject and quality.

IMPROVING PSA SPECIFICITY: THE ROLE
OF proPSAS IN EARLY PROSTATE CANCER
DIAGNOSIS
To evaluate the potential clinical utility of
proPSAs in early prostate cancer detection,
Sokoll et al. [18] conducted a small,
retrospective, preliminary analysis of archival
prostatic biopsy specimens from 119 men
(88 with cancer, 31 without cancer) who
presented with a tPSA level of 2.5–4 ng/mL.
Serum from these men was assayed for
tPSA, fPSA and proPSAs (where proPSAs
were the sum of [-2], [-4] and [-7] proPSA
isoforms). Although no difference in PSA
and %fPSA (fPSA/tPSA × 100) were noted
between the two groups, %proPSAs
(proPSAs/fPSA × 100) tended to be higher in
the cancer group than in the group without
cancer (50.1% vs 35.5%). Furthermore,
receiver operating characteristic (ROC)
analysis showed that the area under the
curve (AUC) for %proPSAs was higher
(0.688) than with %fPSA (0.567) and that at
a fixed sensitivity of 75%, %proPSAs had a
higher specificity than %fPSA (59% vs 33%).
In a follow-up study [19], the same group
evaluated further the potential of proPSAs
in men presenting with a PSA level of
4–10 ng/mL. On multivariate logistic
regression analyses, when the sum of
proPSAs ([-2], [-4] and [-7]) was analysed in
conjunction with tPSA and %fPSA, the
specificity of these combined variables for
early prostate cancer detection was
significantly higher than those of the
individual variables (44% combined vs 23%,
33% and 13% for tPSA, %fPSA and proPSAs,
respectively) at a fixed sensitivity of 90%.
These results were later confirmed in a
larger, two-centre study by Catalona et al.
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[20] who analysed serum specimens
obtained from 1091 (635 benign, 456
cancer) men who underwent prostatic
biopsies. These samples were retrospectively
assayed for tPSA, fPSA and the different
forms of proPSAs ([-2], [-4], [-5, -7]).
Although this study was somewhat limited
by the lack of standardisation in PSA assays
used across the two institutions, %proPSAs
was found to be superior to tPSA or %fPSA
across the PSA level range of 2–10 ng/mL at
either institutions. However, at a lower PSA
level range of 2–4 ng/mL, %[-2]proPSA
([-2]proPSA/fPSA × 100) had the highest
specificity amongst all other variables. In a
follow-up study using the same patient
group [21], sub-group analysis of men with
a low PSA level range of 2–4 ng/mL revealed
that %proPSAs at a threshold of 1.8%
detected 90% of cancers including 100%
(16 of 16) of extracapsular tumours and
96.6% (28 of 29) of tumours with a Gleason
score of ≥7, while still avoiding 19% of
unnecessary biopsies. Thus for the first time,
it was shown that %proPSAs not only
appeared to increase the specificity for early
prostate cancer detection but might also be
helpful in preferentially identifying those
patients who might harbour a more
aggressive form of the disease.

had the highest discriminatory ability with
an AUC of 0.77. Using a threshold level of
2.5%, the sensitivity of %[-2]proPSA for
prostate cancer detection in men with a
tPSA level of 4–10 ng/mL and %fPSA of
>25% was 90%, with 36% of men
potentially being spared from having to
undergo prostatic biopsies. However, in
those with a %fPSA of <15%, %proPSAs
had a higher predictive ability (AUC 0.703)
and specificity (36%) at 90% sensitivity than
with %[-2]proPSA (AUC 0.669, specificity
21%). In a separate study, Khan et al. [25]
analysed the pre-biopsy serum of men who
were enrolled in the National Cancer
Institute Early Detection Research Network
(NCI EDRN) prostate cancer early detection
biomarker programme at Johns Hopkins, for
tPSA, fPSA, proPSAs ([-2], [-4], [-5, -7]) and
BPSA. All patients in this study had a %fPSA
of <15%. In this select group of men, BPSA
and proPSAs/BPSA ratio had identical
predictive ability (AUC of 0.72) and was
superior to tPSA (AUC 0.51) and %fPSA
(AUC 0.54). Although the AUC for BPSA and
proPSAs/BPSA ratio were identical, BPSA
alone had a statistically significantly lower
specificity of 20% when the sensitivity was
maintained at 90%. In contrast, the
specificity of proPSAs/BPSA ratio at this
sensitivity level was 46%. Thus, %[-2]proPSA
or proPSAs/BPSA ratio may be useful
adjunct markers to consider when
considering %fPSA of patients.

Previously, the ratio of fPSA to tPSA (f/tPSA)
has been shown to significantly improve the
discrimination between prostate cancer and
BPH, where an increase in %fPSA correlates
In an attempt to investigate whether a low
with a lower risk of prostate cancer (and
vice versa) [22,23]. Furthermore, components BPSA and a high [-2]proPSA (or vice versa)
reflect poor prostate cancer prognosis,
of fPSA have also been noted to be
patients with prostate cancer on a watchfulpreferentially associated with prostate
waiting policy from the screen arm of the
cancer or BPH (proPSAs and BPSA,
European Randomised Study of Screening
respectively). It was therefore only a matter
of time before studies evaluating the clinical for Prostate Cancer (ERSPC), section
utility of proPSAs and BPSA in men with low Rotterdam [26], were arbitrarily divided into
those with favourable disease characteristics
(<15%) or high (>25%) %fPSA emerged. In
(clinical T1c disease, one biopsy core with
2004, Mikolajczyk et al. [24] retrospectively
Gleason 3 + 3 or less) or aggressive disease
evaluated the serum samples of 380 (238
with cancer, 142
without cancer)
‘%[-2]proPSA or proPSAs/BPSA ratio may be
men enrolled in
prostate cancer
useful adjunct markers to consider when
screening studies at
considering %fPSA of patients’
Washington
University with a
tPSA level of 4–10 ng/mL. In agreement with characteristics (clinical T3c, more than four
biopsy cores invaded with Gleason 4 + 4 or
previous studies, %proPSAs ([-2], [-4], [-5,
greater). To adjust for possible tPSA to
-7]) had a higher AUC than did %[prostatic volume bias, a sub-group analysis
2]proPSA, fPSA and complexed PSA (AUC
of men with a PSA level of 4–10 ng/mL with
0.69, 0.64, 0.63 and 0.57, respectively). In
a prostatic volume of <60 mL was also
men with a %fPSA of >25%, %[-2]proPSA
4
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TABLE 1 Summary of studies evaluating the role of proPSA isoforms in prostate cancer

Reference
Sokoll et al.
[18]

Year
2003

PSA range,
ng/mL
2.5–4

Number
of patients
119

Khan et al.
[19]

2003

4–10

93

Retrospective analysis of sera from men
undergoing TRUS-guided biopsy

Catalona
et al. [20]

2003

2–10

1091

Catalona
et al. [21]

2004

2–10

1091

Mikolajczyk
et al. [24]

2004

4–10

380

Retrospective, two centre analysis of
sera from men undergoing
TRUS-guided biopsy
Retrospective, two centre analysis of
sera from men undergoing
TRUS-guided biopsy
Retrospective analysis of sera from men
undergoing TRUS-guided biopsy

Khan et al.
[25]

2004

1.8–24

161

de Vries
et al. [26]

2005

1.4–14.8

61

Methods
Retrospective analysis of sera from men
undergoing TRUS-guided biopsy

Retrospective analysis of sera from men
prospectively enrolled in the EDRN
programme
Retrospective analysis of sera from men
with prostate cancer from the screen
arm of the ERSPC (section Rotterdam)

Main findings
75% of cancers could be detected with 59% of
unnecessary biopsies being spared using %proPSAs
([-2], [-4], [-7]).
Sum of proPSA ([-2], [-4], [-7]), tPSA and %fPSA in
combination improved the specificity of early
prostate cancer detection.
%proPSAs ([-2], [-4], [-5, -7]) improved specificity for
prostate cancer detection whilst decreasing
unnecessary biopsies.
%proPSAs ([-2], [-4], [-5, -7]) was superior to %fPSA
and complexed PSA for prostate cancer detection and
had selectivity for detecting more aggressive cancers
%proPSAs ([-2], [-4], [-5, -7]) had higher prostate
cancer detection than fPSA and complexed
PSA.[-2]proPSA significantly discriminated cancer in
men with fPSA of >25%.
Ratio of proPSAs ([-2], [-4], [-5, -7]) and BPSA can
distinguish prostate cancer with greater accuracy
when fPSA is <15%.
Combination of proPSAs ([-2], [-4], [-5, -7]) and %fPSA
could accurately distinguish patients with favourable
or aggressive prostate cancer.

that the sensitivity and specificity of
combined proPSAs and %fPSA was lower in
this group of patients, albeit still of
statistical significance. Thus, prostatic
volume appears to have some influence on
the sensitivity and specificity of proPSAs
and fPSAs. This study suggests that proPSAs
may be able to differentiate between those
patients with favourable or unfavourable
disease
‘proPSAs may be able to differentiate between characteristics. It
those patients with favourable or unfavourable must be noted that
the small sample
disease characteristics’
size and the
arbitrarily defined
disease characteristics at the extreme ends
0.033). On multivariate logistic regression
of the spectrum limits the applicability of
analysis, proPSAs ([-2], [-4], [-5, -7]) and
their findings.
%fPSA remained significant predictors of
unfavourable disease characteristics. In
Thus, initial studies suggest that proPSA
combination, proPSAs and %fPSA were able
isoforms combined with fPSA or BPSA, may
to accurately predict 95.5% (42 of 44) of
improve cancer detection in men presenting
men with arbitrarily defined favourable
with a tPSA level of 2–10 ng/mL (Table 1)
prostate cancer (sensitivity of 95.5%) and
82.4% (14 of 17) of patients with aggressive [18–21,24–26]. Further studies are required
to study the potential predictive role of
prostate cancer characteristics (specificity of
proPSAs in identifying those men with low
82.4%). However, subgroup analysis of
PSA levels who might be harbouring
patients with a PSA level of 4–10 ng/mL
aggressive disease.
with prostatic volume of <60 mL, revealed
performed. On univariate analysis, a
decrease in the [-2]proPSA/BPSA ratio was
noted amongst patients with favourable
prostate cancer characteristics (P = 0.043).
When tPSA was adjusted to prostatic
volume, the preferential decrease in the
[-2]proPSA/BPSA ratio seen in the favourable
disease characteristic group remained (P =

5

CLINICAL UTILITY OF [-5, -7]proPSA
ISOFORMS IN PROSTATE CANCER
Following the development of
immunoassays specific to [-5, -7]proPSA in
serum, the clinical utility in prostate cancer
detection was explored. In a pilot study,
Bangma et al. [27] examined sera from men
enrolled in the Rotterdam section of the
ERSPC presenting with a tPSA level of
1–10 ng/mL. In all, 146 men with biopsy
confirmed prostate cancer, 143 without
prostate cancer and 142 with BPH were
examined. The authors found that [-5,
-7]proPSA measurements did not improve
the specificity of fPSA for discriminating
patients with and without prostate cancer.
Additionally, there was no association
between tumour aggressiveness and
[-5, -7]proPSA levels. In a subsequent
multicentre study involving 2055 White men
(1046 with cancer, 1009 without cancer), the
ROC curve for serum [-5,-7]proPSA levels
was found not to significantly differ from
those of tPSA or f/tPSA ratio [28]. In the
tPSA level range of 2–4 ng/mL for example,
the AUC for [-5, -7]proPSA (0.53) and
proPSA/fPSA (0.59) was not significantly
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ROLE OF proPSAs IN THE DETECTION AND MANAGEMENT OF EARLY PROSTATE CANCER

Table 2 Summary of studies evaluating the role of [-5, -7]proPSA in prostate cancer

Reference
Bangma
et al. [27]

Year
2004

PSA range,
ng/mL
1–10

Number of
patients
146

Lein et al.
[28]

2005

0.28–81

2055

Stephan
et al. [29]

2006

1–10

898

Stephan
et al. [31]

2007

1–25

376

Miyakubo
et al. [30]

2009

4.1–20

257

larger than that for tPSA (0.60) and f/tPSA
ratio (0.64). In the tPSA level range of
4–10 ng/mL, [-5, -7] proPSA levels once
again did not improve the discriminatory
power of f/tPSA ratio. The role of [-5,
-7]proPSA in prostate cancer detection was
also evaluated in an artificial neural network
(ANN) analysis conducted by Stephan et al.
[29]. Serum measurements of 898 men with
and without cancer showed that [-5,
-7]proPSA could not improve the specificity
of %fPSA in predicting biopsy outcome
when sensitivity was set at 95%. A Japanese
study in 2009 by Miyakubo et al. [30]
reported that although [-5, -7]proPSA/fPSA
(AUC 0.699) had a modestly higher
discriminatory power than f/tPSA ratio (AUC
0.675) in predicting men with prostate
cancer, it remained inferior to PSA density
measurement (AUC 0.715) in men with a
PSA level of <10 ng/mL who underwent
age- and volume-adjusted prostatic biopsies.
In men with a PSA level of 10–20 ng/mL, the
AUC of [-5, -7]proPSA/fPSA remained higher
than that of f/tPSA, but lower than those of
PSA density and PSA transitional zone
density (AUC 0.742, 0.708, 0.788 and 0.842,
respectively).
Despite the limited overall evidence of
[-5, -7]proPSA for use in early prostate
cancer detection, Stephan et al. [31] reported
a potential role for this proPSA isoform in
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Methods
Retrospective analysis of sera from
subset of men in the ERSPC (section
Rotterdam)
Retrospective analysis of sera from men
undergoing TRUS-guided biopsy
Retrospective, two centre ANN analysis
of sera from men undergoing
TRUS-guided biopsy
Retrospective analysis of sera from men
undergoing TRUS-guided biopsy who
subsequently had laparoscopic
radical prostatectomy
Retrospective analysis of sera obtained
from men undergoing age and
volume-adjusted TRUS-guided biopsy

Main findings
[-5, -7]proPSAs did not improve the specificity of fPSA
for discriminating patients with and without
prostate cancer.
No improvement in diagnostic accuracy was noted
when comparing [-5, -7]proPSA and the
corresponding ratios with tPSA or f/t PSA.
[-5, -7]proPSA measurements did not improve
specificity over %fPSA.
[-5, -7]proPSA alone did not improve the detection of
non-organ confined or aggressive prostate cancer in
men with prostate cancer. [-5, -7]proPSA / %fPSA;
however, was able to predict more aggressive/
advanced prostate cancer.
In both tPSA ranges of <10 and 10–20 ng/mL, [-5,
-7]proPSA measurements did not improve the
specificity over other PSA-based parameters, e.g. PSA
density or PSA transitional zone density.

discriminating between aggressive and
observation that this truncated form of
unaggressive prostate cancer. In examining
proPSA was differentially elevated in the
the sera of 376 patients with prostate
peripheral zone of the prostate where most
cancer undergoing laparoscopic radical
cancers occur [16]. Also, [-2]proPSA was
prostatectomy, the authors noted that the
largely devoid in the transition zone of the
ratio of [-5, -7]proPSA/%fPSA differed
prostate, an area often associated with the
significantly between patients with G2 and
development of BPH. Furthermore, serum
G3 disease (P =
0.004), Gleason < 7
‘[-5, -7]proPSA measurements might play some
and >7 (P = 0.001)
role in predicting tumour aggressiveness in
and pT2 and pT3
tumours (P < 0.001)
patients with an established diagnosis of
at tPSA levels of
prostate cancer’
1–25 ng/mL. Thus,
[-5, -7]proPSA
measurements might play some role in
levels of [-2]proPSA were found to be high
predicting tumour aggressiveness in patients in men with prostate cancer whilst it was
with an established diagnosis of prostate
low in men without prostate cancer [32].
cancer.
Thus, [-2]proPSA appears to be a more
cancer specific form of PSA.
Overall, most studies to date have found [-5,
-7]proPSA no better than fPSA or other
The NCI EDRN is an American National
current PSA-based measurements in
Institute of Health-funded programme that
improving prostate cancer detection rates
aims to facilitate the development of
particularly in men with a tPSA level of
biomarkers capable of detecting cancers at
<10 ng/mL (Table 2) [27–31].
an early stage. Based on the promising
results to date, [-2]proPSA was chosen by
the NCI EDRN to undergo further validation
using a common, archival, referenced set of
CLINICAL UTILITY OF [-2]proPSA,
serum samples collected from men who
A CANCER-SPECIFIC proPSA
underwent prostatic biopsies at three
different EDRN recruiting sites (Beth Israel
Enthusiasm for [-2]proPSA as a prostate
Deaconess Medical Center, Johns Hopkins
cancer-specific marker emerged from the
6
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University and the University of Texas Health
Science Centre at San Antonio). By using
serum samples of 123 men (51% with
cancer, 49% without cancer, and PSA levels
of 0.48–33.18 ng/mL) enrolled in the EDRN
study, Sokoll et al. [33] evaluated the
relationship between various PSA forms
(including [-2]proPSA) and prostate cancer.
Overall, the %fPSA was significantly lower in
patients with prostate cancer, whilst
[-2]proPSA and %[-2]proPSA levels were
higher in patients with prostate cancer.
When the more clinically relevant PSA range
of 2–10 ng/mL was examined, [-2]proPSA as
well as %[-2]proPSA continued to be
significantly associated with prostate cancer.
In this PSA range, the AUC for %[-2]proPSA
was 0.73 compared with 0.53 for %fPSA.
When PSA, BPSA, %fPSA, %[-2]proPSA,
[-2]proPSA / BSA and testosterone were
evaluated together using multivariate
logistic regression models, %[-2]proPSA
remained a significant discriminator for
prostate cancer (AUC 0.73).
In a follow-up study to investigate the
potential correlation between [-2]proPSA
and prostate cancer aggressiveness, Sokoll
et al. [34] analysed the serum samples of
566 men (43% cancer, 57% without cancer)
who were prospectively enrolled in the NCI
EDRN study who met their inclusion criteria.
In all, %[-2]proPSA was found to have
equivalent predictive ability compared with
PSA and %fPSA in detecting prostate cancer
across the overall study population (PSA
levels of 0.29–310.6 ng/mL). At lower, more
diagnostically challenging PSA levels,
%[-2]proPSA performed significantly better
than %fPSA at a PSA range of 2–4 ng/mL.
However, for a higher PSA level range of
4–10 ng/mL, the AUC for %[-2]proPSA was
only slightly larger than %fPSA and this was
not statistically significant. Despite this
discrepancy (which may be due to
differences in study designs), multivariate
regression models incorporating clinical,
demographic and individual PSA forms
showed a significant improvement in AUC
over the individual PSA forms in agreement
with previous studies. In addition, increasing
[-2]proPSA as well as %[-2]proPSA was
noted to be associated with increasing
Gleason score and worsening disease
characteristics.
Evaluating [-2]proPSA as part of
mathematical models (e.g. multivariate
logistic regression models), with or without
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other proPSAs, have consistently been
shown to be better than considering
individual PSA forms on their own. To
evaluate this observation further, Stephan
et al. [35] created a [-2]proPSA based ANN
alongside conventional logistic regression
models incorporating various PSA
parameters, e.g. tPSA, %fPSA and %[2]proPSA, age and prostatic volumes. In all,
586 patients were included in the analysis
of which 475 patients (264 with cancer, 211
without cancer) were in the clinically
relevant PSA range of 2–10 ng/mL. The
authors found that the ANN and logistic
regression models using %[-2]proPSA,
%fPSA, tPSA and age but without prostatic
volume reached the highest AUCs (ANN 0.85
and logistic regression 0.84) and had
superior specificities (ANN 62.1%, logistic
regression 53.1%) compared with tPSA
(22.7%), %fPSA (45.5%) and %[-2]proPSA
(41.7%) alone at a fixed sensitivity of 90%.
Interestingly, both the ANN and logistic
regression models that included the
additional input parameter of prostatic
volume did not enhance the AUC on either
model. This important observation presents
an obvious advantage, whereby an ANN
model based entirely on laboratory
parameters alone spares the patient from
having to undergo an invasive procedure for
prostatic volume measurement.
More recently, changes in [-2]proPSA levels
over time have been suggested as a
potentially useful predictor of future
prostate cancer development. By using
frozen sera from 420 White men randomly
selected from the Olmsted County Study of
Urinary Symptoms and Health Status among
Men (OCS), Rhodes et al. [36] investigated
changes in [-2]proPSA levels with the
longitudinal changes of common clinical
urological measures including age, prostatic
volume and subsequent detection of
prostate cancer. The authors reported that
the levels of [-2]proPSA increased with
advancing age and prostatic volume;
however, the greatest change in [-2]proPSA
levels were seen amongst men who
subsequently developed prostate cancer
(annualised percentage change of 8.1%)
compared with those who did not
(annualised percentage change of 3.5%)
after a median follow-up of 7 years. In a
subsequent study by the same group [37],
the authors investigated the baseline and
cross-sectional associations between
[-2]proPSA and urological measures in a
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Table 3 Summary of studies evaluating the role of [-2]proPSA in prostate cancer

Reference
Sokoll et al.
[33]

Year
2008

PSA range,
ng/mL
0.48–33.18

Number of
patients
123

Stephan
et al. [35]

2009

0.26–28.4

586

Sokoll et al.
[34]

2010

0.29–310.6

566

Rhodes
et al. [36]

2012

<8.8

443

Rhodes
et al. [37]

2012

0.5–1.8*

748

Methods
Retrospective, multicentre analysis of
sera obtained from men
prospectively enrolled in the EDRN
study who underwent TRUS-guided
biopsy
Retrospective, ANN analysis of sera
obtained from men undergoing
TRUS-guided biopsy
Retrospective, multicentre analysis of
sera obtained from men
prospectively enrolled in the EDRN
study who underwent TRUS-guided
biopsy
Retrospective analysis of sera obtained
from men enrolled in a population
based study (OCS)
Retrospective analysis of sera obtained
from men enrolled in two population
based studies (OCS and FMHS)

Main findings
%[-2]proPSA was the best predictor of prostate
cancer detection compared with %fPSA.

Incorporation of %[-2]proPSA into an ANN and
logistic regression model enhanced the diagnostic
accuracy to differentiate between malignant and
non-malignant prostatic diseases.
%[-2]proPSA performed significantly better than
%fPSA in PSA level range of 2 to 4 ng/mL.
%[-2]proPSA was also noted to increase with
increasing Gleason score and in aggressive cancers.
Men subsequently diagnosed with prostate cancer
had more than twice the rate of increase in
[-2]proPSA levels compared with those men
without prostate cancer.
Baseline [-2]proPSA levels were slightly higher in
Black men compared with White men (median 6.3
vs 5.6 pg/mL). Men with higher baseline
[-2]proPSA were at an almost eight-fold increased
risk of developing subsequent prostate cancer.

*25–75th percentiles.

subset of patients from two population
based studies of White (OCS) and Black men
(Flint Men’s Health Study, FHMS). In all,
frozen serum samples from 420 and 328
men were measured for [-2]proPSA from the
OCS and FHMS cohorts, respectively. This
study reported that the baseline [-2]proPSA
levels in Black men were slightly higher than
those in White men (median of 6.3 vs
5.6 pg/mL, respectively). Interestingly, men
with higher baseline [-2]proPSA levels in the
OCS cohort had an almost eight-fold
increase in risk of subsequent prostate
cancer diagnosis (hazard ratio 7.8, 95% CI
2.2–27.8) than men who had low baseline
levels of [-2]proPSA. Thus, measurements of
baseline [-2]proPSA, as well as changes in
[-2]proPSA levels over time, might be useful
predictors of prostate cancer development
and warrants further investigation.
Clinical studies to date evaluating the
cancer-specific form of [-2]proPSA have
yielded very promising results (Table 3)
[33–37] and appear to confirm the growing
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observation that
‘measurements of baseline [-2]proPSA,
[-2]proPSA could be
as well as changes in [-2]proPSA levels over
the most clinically
relevant proPSA
time, might be useful predictors of prostate
isoform in serum
cancer development’
for the detection of
prostate cancer. The
Phi has been defined as:
predictive ability of
([-2]proPSA/FPSA) X √ TPSA
[-2]proPSA in detecting prostate cancer
within the diagnostic grey zone of 2–10 ng/
phi currently has approval for use in early
mL PSA appears to be optimal when it is
prostate cancer detection in Europe but it is
evaluated as part of a mathematical model.
not yet available in the USA. Le et al. [38]
were the first to evaluate the predictive
ability of [-2]proPSA and phi in a
THE PHI IN EARLY PROSTATE
prospective prostate cancer screening
CANCER DETECTION
setting. Of the 2034 men undergoing
prostate cancer screening, 322 patients were
With increasing positive evidence for
advised to undergo prostatic biopsies due to
the role of [-2]proPSA in early prostate
an elevated PSA level (>2.5 ng/mL) and/or
cancer detection, Beckman Coulter Inc.
an abnormal DRE finding. Of the 74 patients
developed a mathematical algorithm
who eventually underwent prostatic
incorporating [-2]proPSA, tPSA and fPSA
biopsies, 63 had a tPSA level of 4–10 ng/mL
for use in patients with PSA levels of
and a non-suspicious DRE. Of these 63 men,
2–10 ng/mL with a non-suspicious prostate
the authors found no statistically significant
on DRE.
8
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difference in tPSA between men with
negative prostatic biopsies and those who
had positive biopsies (median 5.37 vs
5.14 ng/mL, P = 0.88). However, men with
prostate cancer were noted to have a
significantly higher median %[-2]proPSA (P
< 0.001). ROC analysis showed that phi had
the highest predictive ability with an AUC of
0.77, followed by %[-2]proPSA (AUC 0.76)
and %fPSA (AUC 0.68). The tPSA level lacked
both sensitivity and specificity in the
2.5–10 ng/mL range (AUC 0.50). In a separate
two-centre retrospective study, serum
samples of 405 patients enrolled in the
Rotterdam arm of the ERSPC study and 351
samples from Innbruck Medical University
were evaluated to investigate the use of
[-2]proPSA, BPSA and phi [39]. Although the
authors found no improvement in the
predictive accuracy of tPSA and %fPSA with
BPSA, a significant improvement in the
predictive accuracy of PSA was reported
with the additional measurement of
%[-2]proPSA and phi. At 90% sensitivity, phi
had the highest specificity of 31% compared
with only 8% for tPSA.
More recently, a multicentre, double-blind,
case-control clinical trial led by Catalona
et al. [40] was conducted to validate and
select phi thresholds that could be used in
clinical practice. In all, 892 men (out of
1372 men enrolled) who met the eligibility
criteria of a normal DRE and a PSA level of
1.5–11 ng/mL were included for analysis. The
AUC of prostate cancer detection was found
to be significantly greater for phi (AUC
0.703) than for fPSA/tPSA (AUC 0.648), fPSA
(AUC 0.615), [-2]proPSA (AUC 0.557) or tPSA
(AUC 0.525). Higher phi values were also
associated with an increased probability of
prostate cancer detection. For phi < 25, the
percentage probability of prostate cancer
detection was 11%
whilst for phi
values of 25–34.9,
‘increasing phi values were associated with an
35–54.9 and ≥55,
increased probability of detecting Gleason ≥ 7 the probability of
prostate cancer’
prostate cancer
detection was
18.1%, 32.7% and 52.1%, respectively.
Furthermore, it was noted that increasing
phi values were associated with an increased
probability of detecting Gleason ≥ 7
prostate cancer. Interestingly, as phi values
did not differ with age and race, this
suggests that the use of phi may be
applicable to all men, irrespective of race,
age and background.
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In 2011, Guazzoni et al. [41] conducted an
observational prospective study of 268
consecutive men who were scheduled to
undergo prostatic biopsies for investigation
of a mildly elevated PSA value (2–10 ng/mL)
and a normal DRE. Consistent with previous
studies, %[-2]proPSA and phi were the
strongest predictors of a positive prostatic
biopsy outcome. Multivariate accuracy
analyses showed that both phi and
%[-2]proPSA improved the accuracy of
established predictors in determining the
presence of prostate cancer at biopsy by
11% and 10%, respectively. Furthermore, the
same group have recently conducted an
observational, prospective study of 350
consecutive men diagnosed with clinically
localised prostate cancer who underwent
radical prostatectomy [42]. By performing
tPSA, fPSA, %fPSA, [-2]proPSA, %[-2]proPSA
and phi measurements on preoperative
serum samples of these patients, the
authors were able to determine that
%[-2]proPSA and phi were significantly
higher in patients with pT3 disease,
pathological Gleason ≥ 7 score and those
that had Gleason sum upgrading (all P <
0.001). Thus, preoperative serum
measurement of %[-2]proPSA and phi
appear to predict patients with more
aggressive disease on final pathology and
might therefore be useful in the
preoperative counselling of patients with
newly diagnosed, clinically localised prostate
cancer.
Overall, studies to date suggest that both
phi and %[-2]proPSA substantially improve
the predictive value of PSA in the detection
of early stage prostate cancer (Table 4)
[38–42]. Early evidence suggests that phi
and [-2]proPSA may also be able to predict
prostate cancer aggressiveness on prostatic
biopsies, as well as on final histology after
radical prostatectomy. More studies are
required to investigate these promising
results.

ROLE OF [-2]proPSA AND PHI IN MEN
WITH PROSTATE CANCER ON ACTIVE
SURVEILLANCE REGIMES
One of the recognised complications of
PSA-based screening is the over-detection
of low-risk, indolent prostate cancers and
their subsequent overtreatment. It has been
previously estimated that a single screening
test at the age of 55 years could lead to an
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Table 4 Summary of studies evaluating the role of phi in prostate cancer

Reference
Le et al. [38]

Year
2010

PSA range,
ng/mL
2.5–10

Number of
patients
2034

Jansen et al.
[39]

2010

2–10

756

Catalona
et al. [40]

2011

1.5–11

892

Guazzoni
et al. [41]

2011

2–10

268

Guazzoni
et al. [42]

2012

0.64–19.79

350

over detection rate of 27%, whilst at age
75 years, this would be as high as 56% [43].
In other words, an increasing number of
patients are being diagnosed with
potentially low-risk, clinically insignificant
cancers that would have not been diagnosed
without screening. In response to this
growing trend, active surveillance has been
proposed as an alternative management
strategy with the aim of reducing the risk of
overtreatment in patients with clinically
confined, low-risk prostate cancer. Although
most Urologists would agree that an
effective active surveillance programme
should include a model incorporating
regular periodic DRE, PSA testing and
possibly further prostatic biopsies, there is
currently no consensus on what constitutes
an ideal definition of indolent prostate
cancer and what an optimal active
surveillance regime entails. In this regard,
two recent studies have evaluated the
predictive role of [-2]proPSA and phi in
identifying those men with prostate cancer,
enrolled in an active surveillance programme
who might be at an increased risk of disease
progression. Makarov et al. [44] using serum
and prostatic biopsy samples from 71 men
under active surveillance programme at
Johns Hopkins, evaluated the potential
association of serum and tissue proPSA
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Methods
Sera from men with PSA levels of
2.5–10 ng/mlL with normal DRE
recruited in a prospective screening
study conducted over a week in 2007

Retrospective, two centre analysis of sera
from men undergoing TRUS-guided
biopsy
Prospective, multi-centre analysis of sera
from men enrolled in a case-control
trial to determine phi thresholds in
clinical practice
Sera from 268 consecutive men with PSA
levels of 2–10 ng/mL with normal DRE
undergoing TRUS-guided biopsy
Sera from 350 consecutive men
diagnosed with clinically localised
prostate cancer who underwent radical
prostatectomy

Main findings
In 63 men with PSA levels of 2.5–10 ng/mL
with normal DRE, %[-2]proPSA outperformed
tPSA and %fPSA in differentiating between
negative and positive biopsy results.
Additionally, phi measurement had the best
overall performance characteristic.
phi and %[-2]proPSA was superior to tPSA and
%fPSA in predicting negative biopsy results.
Higher phi values were associated with an
increased probability of prostate cancer
detection as well as increased probability of
detecting Gleason sum ≥7 tumours.
%[-2]proPSA and phi were more accurate than
tPSA, %fPSA and PSA density in predicting
the presence of cancer on biopsy.
%[-2]proPSA and phi levels were significantly
higher in patients with pT3 disease, Gleason
sum ≥7 and Gleason sum upgrading after
radical prostatectomy.

Multivariate logistic regression also showed
levels in predicting those patients who will
that phi and %[-2]proPSA were significant
develop unfavourable biopsy conversion on
predictors of an unfavourable biopsy
annual surveillance examination. The
conversion. In addition, the inclusion of
authors found that the tissue-staining
biopsy tissue DNA content to phi and
intensity or extent of the benign adjacent
%[-2]proPSA in the multivariate model
areas for [-5] and [-7]proPSA were
further enhanced the predictive accuracy
significantly associated with future
of determining the likelihood of an
unfavourable biopsy profile. Similar
unfavourable biopsy finding (c-index 0.6908
results were seen with the ratio of
and 0.6884, respectively).
[-2]proPSA/%fPSA defined using the serum
levels of the PSA isoforms. Therefore, the
measurement of
serum levels of
[-2]proPSA at
‘measurement of serum levels of [-2]proPSA at
diagnosis, can help
diagnosis, can help identify those men at risk of
identify those men
future unfavourable biopsy conversion during
at risk of future
active surveillance’
unfavourable biopsy
conversion during
active surveillance
Thus, although studies evaluating the
and aid with the appropriate counselling
potential role of phi and %[-2]proPSA in
and management of this group of patients.
active surveillance regime is currently
sparse, the preliminary results are
A couple of years later, the same group
encouraging (Table 5) [44,45]. Further
extended their investigation to incorporate
studies are required to define how the phi
phi in this same cohort of patients [45]. The
index or %[-2]proPSA could be used to
phi levels from serum in men diagnosed
select men that would most benefit from an
with prostate cancer who ultimately
active surveillance programme and how
developed an unfavourable biopsy finding
these markers could be incorporated into
was significantly higher than those who did
the follow-up schedule of patients.
not (phi 37.23 vs 30.6, P = 0.03).
10
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TABLE 5 Summary of studies evaluating the role of [-2]proPSA and the phi in men with prostate cancer on active surveillance regimes

Reference
Makarov
et al. [44]

Year
2009

PSA range,
ng/mL
N/R*

Number of
patients
71

Isharwal
et al. [45]

2011

N/R*

71

Methods
Sera was retrospectively analysed
for 71 patients with prostate
cancer on active surveillance
regime
Sera was retrospectively analysed
for 71 patients with prostate
cancer on active surveillance
regime

Main findings
[-2]proPSA/%fPSA was significantly higher at diagnosis in
men with prostate cancer who subsequently developed
unfavourable biopsy characteristics on follow-up
surveillance examination.
The phi and [-2]proPSA/%fPSA combined with biopsy
tissue DNA content improved the accuracy of predicting
unfavourable biopsy conversion at the annual
surveillance biopsy examination to 70%.

N/R, not reported in the study. *tPSA in men with favourable and unfavourable biopsy on follow-up surveillance examination was 4.61 and 5.35 ng/mL,
respectively.

In a separate study by the same group,
Nichol et al. [47] estimated the costs and
utilities of prostate cancer detection and
treatment for men aged 50–75 years who
Considering that the phi index showed an
were enrolled in an annual prostate cancer
improved specificity over PSA for prostate
screening programme from a USA societal
cancer detection, the use of the phi in
perspective. Over 25 annual screening cycles,
prostate cancer detection could potentially
reduce the number of patients with negative it was estimated that the screening strategy
using the combined PSA and phi
prostatic biopsies. This reduction in
unnecessary procedures was estimated to be measurement resulted in a saving of $1199
or $443 with an expected gain of 0.08 or
20–25% and could lead to limit the direct
0.03 quality adjusted life years per person
cost of prostate cancer detection [40]. To
for PSA thresholds of ≥2 and ≥4 ng/mL,
evaluate the budgetary impact of phi on
respectively. As the combination of tPSA and
prostate cancer detection, Nichol et al. [46]
phi is expected to increase the true positive
constructed two budget impact models
and reduce false positive results, the
using a PSA threshold of ≥2 and ≥4 ng/mL
additional costs of fPSA and [-2]proPSA
for recommending a prostatic biopsy in a
assay added to the tPSA assay cost was
hypothetical health plan with 100 000 men
postulated to be offset by a reduction in the
aged 50–74 years. When phi was added to
number of patients undergoing unnecessary
the current PSA screening strategies (using
prostatic biopsies.
In agreement with
these results, a
‘health economic studies to date suggest that
recent study
the addition of phi to PSA-based screening
presented at the
may be a more cost-effective solution than
2012 European
Association of
PSA-based screening alone’
Urology congress in
Paris by a group
from the Erasmus Medical Centre in
tPSA and %fPSA), it increased the total cost
Rotterdam showed that by incorporating the
of blood tests by $51 524 and $13 611 for
phi test into a PSA-based screening model
models with a PSA threshold of ≥2 and
from ERSPC, resulted in a predicted
≥4 ng/mL, respectively. Despite the
reduction in negative biopsies by 29%, a
additional costs of the blood tests, these
reduction in prostate cancers detected by
were offset by a reduction in the number of
2% and a total cost reduction for prostate
required office visits, laboratory tests and
cancer care by 2% [48].
prostatic biopsies, resulting in a 1 year net
saving of $356 647 (for PSA threshold of
In summary, health economic studies to
≥2 ng/mL) and $94 219 (for PSA threshold
date suggest that the addition of phi to
of ≥4 ng/mL).
COST-EFFECTIVENESS OF THE BECKMAN
COULTER PHI
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PSA-based screening may be a more
cost-effective solution than PSA-based
screening alone.
CONCLUSION
It has now been over a decade since the
discovery that truncated forms of proPSA
are differentially expressed in the tissue
and serum of men with prostate cancer
[16,17,32]. Since then, a growing body of
evidence suggests that proPSA and its
derivatives (in particular [-2]proPSA and the
phi) are more accurately able to differentiate
those patients with and without prostate
cancer in the diagnostically challenging tPSA
range of 2–10 ng/mL. Studies also suggest
that %[-2]proPSA and phi might be able to
distinguish patients who harbour a more
aggressive form of the disease. The full
clinical potential of %[-2]proPSA and in
particular, the threshold for the phi index
for preferential identification of aggressive
disease have yet to be determined. If the
maximum number of aggressive prostate
cancers were to be detected, it might be
acceptable to not detect some of the less
aggressive, clinically insignificant prostate
cancer especially if the phi index could also
predict disease progression as indicated by
some preliminary reports [44,45]. In this
context, one important aspect that needs
addressing is the clinical relevance and
predictive value of the phi kinetic, in
determining whether a change in the phi
value over a period could predict disease
progression.
Another interesting aspect for future
consideration would be to investigate the
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potential synergistic association between
[-2]proPSA, phi and the recently described
multivariate model incorporating a panel of
hk markers. In evaluating the sera from men
with elevated PSA levels who underwent
prostatic biopsies during the first round of
ERSPC (section Göteborg), Vickers et al. [49]
reported that the use of four hk markers
(tPSA, fPSA, iPSA and hk2) significantly
enhanced the predictive ability of age and
tPSA in identifying those patients who have
prostate cancer (AUC improved from 0.68 to
0.83). In a separate study, the authors
managed to replicate their initial findings in
men with high PSA levels enrolled in the
ERSPC (section Rotterdam) who underwent
prostatic biopsies [50]. In this validation
study, the AUC of the multivariate model
incorporating the various hk markers was
0.76 whilst the baseline model incorporating
age and tPSA alone was 0.64. As similar
enhancements in AUC were also noted with
[-2]proPSA and phi, it would be useful to
determine whether [-2]proPSA, phi and the
above hk markers in combination can
further enhance the ability to predict a
positive prostate cancer diagnosis.
Although most studies to date have
focussed on the role of [-2]proPSA and phi
as a potential diagnostic markers, the
clinical utility of both markers are expected
to expand considerably in the future. A
recent study for example, reported the
potential association of [-2]proPSA and the
phi index with probability of metastatic
progression in men with biochemical
recurrence after radical prostatectomy [51].
This, together with studies reporting the
predictive value of [-2]proPSA/%fPSA and
phi in men with localised prostate cancer on
expectant treatment [44,45] is paving the
way for exploring other novel uses of these
biomarkers.
It must be noted that most of the reviewed
articles were retrospective studies, where
the study population was assembled once
the final diagnosis and tPSA values were
already known (thus prone to selection bias).
Even in studies where serum for analysis
was obtained prospectively, the final
decision on whether to biopsy or not was
still based on elevated tPSA values and not
based on the novel markers themselves. In
addition, as most studies were performed in
the context of a restricted range of tPSA
(for example, PSA level of <10 ng/mL), this
may further exaggerate the predictive
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accuracy of these novel markers in prostate
cancer diagnosis compared with tPSA if it
was left unrestricted. Lastly, the differences
in the PSA assays used, especially between
the older and more recent studies, makes
the direct comparison of results difficult and
the sample size in most of the studies was
relatively small.

4

5
Despite these limitations, proPSAs and in
particular [-2]proPSA and phi have yielded
encouraging results and appear to improve
the specificity of PSA and %fPSA in
detecting men with and without prostate
cancer and preferentially detects aggressive
disease. However, the true clinical role of
these novel markers needs to be carefully
evaluated in the context of several large,
multicentre, prospective trials with full
health economic analyses before any advice
can be made about its use in routine clinical
practice.
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