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Abstract: Prostate-specific antigen (PSA) has been widely used as a serum marker for prostate cancer (PCa) screen-
ing or progression monitoring, which dramatically increased rate of early detection while significantly reduced PCa-
specific mortality. However, a number of limitations of PSA have been noticed. Low specificity of PSA may lead to 
overtreatment in men who presenting with a total PSA (tPSA) level of < 10 ng/mL. As a type of free PSA (fPSA), [-2]
proPSA is differentially expressed in peripheral zone of prostate gland and found to be elevated in serum of men 
with PCa. Two p2PSA-based derivatives, prostate health index (PHI) and %p2PSA, which were defined as [(p2PSA/
fPSA) × √ tPSA] and [(p2PSA/fPSA) × 100] respectively, have been suggested to be increased in PCa and can better 
distinguish PCa from benign prostatic diseases than tPSA or fPSA. We performed a systematic review of the avail-
able scientific evidences to evaluate the potentials of %p2PSA and PHI in clinical application. Mounting evidences 
suggested that both %p2PSA and PHI possess higher area under the ROC curve (AUC) and better specificity at a 
high sensitivity for PCa detection when compare with tPSA and %fPSA. It indicated that measurements of %p2PSA 
and PHI significantly improved the accuracy of PCa detection and diminished unnecessary biopsies. Furthermore, 
elevations of %p2PSA and PHI are related to more aggressive diseases. %p2PSA and PHI might be helpful in reduc-
ing overtreatment on indolent cases or assessing the progression of PCa in men who undergo active surveillance. 
Further studies are needed before being applied in routine clinical practice.
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Introduction 

Prostate cancer (PCa) is the most common can-
cer and the second leading cause of cancer-
related death in American men. Radical prosta-
tectomy is considered as the first-line option for 
clinically localized and locally advanced PCa 
[1]. Prostate-specific antigen (PSA) is the most 
widely used serum marker for early PCa detec-
tion [2]. Use of PSA in PCa screening has revo-
lutionized the clinical practice of PCa Detection. 
Large randomized clinical trials showed that 
PSA use lead to a significant reduction in PCa-
specific mortality [3-5]. 

Despite outstanding performance of PSA in 
screening for PCa, a number of limitations 

emerged, including low specificity in determin-
ing the presence of PCa and inability to discrimi-
nate between clinically significant prostate can-
cer (Gleason ≥ 7) and indolent cancer. It is 
especially prominent in so-called “diagnostic 
grey zone”, referring that with total PSA (tPSA) < 
10 ng/ml, patients frequently bear both benign 
and malignant prostatic conditions [6, 7]. It was 
reported that the specificity of PSA is only 
12.8% if use a cut-off of 4 ug/L [8], leading to a 
large number of false-positive diagnoses and 
up to 75% of unnecessary prostate biopsies [9]. 
Overdetection and subsequent overtreatment 
of indolent PCa was estimated as > 50% in the 
European screening program [10]. Several PSA 
derivatives, including free PSA (fPSA), percent-
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age of free to total PSA ratio (%fPSA), PSA den-
sity (PSAD) and PSA velocity (PSAV), have made 
a major improvement in patient selection for 
prostate biopsy. However, our capability to 
determine the presence or aggressiveness of 
PCa prior to prostate biopsy remains limited 
[11, 12]. Significant efforts have been made to 
explore new serum markers that can overcome 
PSA limitations.

Precursor of PSA (proPSA) is one of the identi-
fied forms of fPSA, which being considered as 
one of promising PCa serum marker candidates 
[13, 14]. Four different proPSA isoforms exist in 
serum, named as [-2]proPSA, [-4]proPSA, [-5]
proPSA and [-7]proPSA by the length of the pro-
leader peptide sequences is of seven, five, four 
or two amino acids (Figure 1) [5, 15, 16]. In his-
tological analyses, proPSA was differentially 
expressed in the peripheral zone while unde-
tectable in transition zone in most prostate 
specimen, leading to the conclusion that proP-
SA appears to be a more cancer specific form 
of PSA [13, 17]. Amino acid sequencing of 
whole purified PSA isolated from prostate tis-
sues showed that the proPSA in peripheral 
zone cancer consisted mainly of [-2]proPSA 
(p2PSA) rather than other proPSA [13]. Fur- 
thermore, serum level of p2PSA was found to 
be high in men with PCa when compare with 
men without PCa [18]. p2PSA is a stable iso-
form of proPSA in serum as a result of the pres-
ence of only a two- amino acid propeptide, hK2 
is unable to activate p2PSA into mature PSA 
[15]. Therefore, serum p2PSA emerged as a 

promising marker for PCa detection. Afterward, 
the p2PSA-based Beckman Coulter Prostate 
Health Index (PHI), defined as (p2PSA/fPSA) × 
sqrt(PSA), and %p2PSA, defined as [(p2PSA/
fPSA) × 100] were developed as the important 
derivatives of p2PSA [5]. Preliminary investiga-
tions showed that p2PSA, %p2PSA, and PHI are 
higher in PCa than benign prostate conditions 
and their use significantly improved cancer 
detection compared to tPSA and %fPSA [11, 
12, 19].

In this review, we discussed the clinical perfor-
mances of serum p2PSA derivates, %p2PSA 
and PHI, in PCa detection and management. 
We focused on their application in diagnosis 
and following up of active surveillance.

Roles of %p2PSA and PHI in the detection of 
prostate cancer 

Improving the detection of prostate cancer

Despite unsatisfying accuracy of currently avail-
able markers such as tPSA, %fPSA, and PSAD 
in PCa detection, p2PSA and its derivates have 
shown outstanding potentials to increase diag-
nostic accuracy [11]. Accumulating studies 
have been carried out to evaluate the perfor-
mance of p2PSA and its derivates as standard 
serum markers. To compare the capacity of 
p2PSA and its derivatives with other predictors 
in determining the presence of PCa at initial 
biopsy in patients with tPSA 2.0-10.0 ng/ml, 
Guazzoni G et al. conducted a prospective 
study involved 268 consecutive men who had 
negative digital rectal examination (DRE) and 
were scheduled for prostate biopsy. Among the 
subjects, 107 patients were diagnosed with 
PCa, the values of p2PSA, %p2PSA and PHI 
were substantially higher in patients with PCa 
than patients without PCa. In univariate accu-
racy analysis, PHI and %p2PSA were the most 
accurate predictors of PCa (AUC: 75.6% and 
75.7%, respectively), followed by patient age 
(63%), PSAD (61%), %fPSA (58%), and tPSA 
(53%). In multivariate accuracy analysis, both 
PHI and %p2PSA significantly increased the 
accuracy of established diagnostic model 
including tPSA, %fPSA, and PSAD by 11% and 
10% respectively [12]. In another multicenter 
study which recruited 756 patients, the highest 
PCa predictive value was likewise achieved by 
PHI and %p2PSA with significantly higher AUC. 
At 90% sensitivity, the specificities of PHI and 

Figure 1. Composition of free PSA in the serum of 
prostate cancer patient. Free PSA includes inactive 
PSA (iPSA), benign PSA (BPSA) and precursor of 
PSA (proPSA). The compositions of proPSA are [-2]
proPSA, [-4]proPSA, [-5]proPSA as well as [-7]proPSA. 
Their percentages in the serum of PCa patient were 
showed in the figure. 
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%p2PSA were 31% and 33%, compared to 10% 
and 11% for tPSA as well as %f PSA respective-
ly. Multivariate analysis also revealed a signifi-
cant increase in PCa predictive value after add-
ing of p2PSA and PHI into a model consisting of 
tPSA and fPSA (increase in AUC from 0.675 to 
0.755 and from 0.581 to 0.697, respectively) 
[11]. These findings were consistent with the 
first study which evaluated the predictive ability 
of p2PSA and PHI in a prospective prostate 
cancer screening with a total PSA of 2.5 to 10 
ng/ml and a negative DRE by Le BV et al.[5], 
and were confirmed by two recent larger size 
prospective multicenter study [20, 21]. These 
studies demonstrated that PHI and %p2PSA 
are superior to tPSA or %fPSA in detecting PCa 
at tPSA less than 10 μg/L. The similar results 
for PHI and %p2PSA were gotten in other pro-
spective studies that used the overall abnormal 
increased tPSA range [8, 22, 23]. 

Besides the setting of initial biopsy, the poten-
tials of %p2PSA and PHI in the diagnosis of 
prostate cancer were also tested in repeat 

prostate biopsy. In a study with 222 men sched-
uled for re-biopsy, PCa was diagnosed in 71 
subjects (31.9%). %p2PSA and PHI were signifi-
cantly higher in the PCa group and better per-
formed than tPSA, f PSA, % f PSA and p2PSA in 
predicting presence of PCa. There is no statisti-
cal significant difference between %p2PSA and 
PHI (p = 0.094). Multivariable logistic regres-
sion models showed %p2PSA and PHI achieved 
independent predictor status, and significantly 
increased the accuracy of multivariable models 
including tPSA, prostate volume, %fPSA and 
PSAD by 8% and 11% [24]. Later, Scattoni et al. 
evaluated diagnostic performance of PHI and 
other markers in initial or repeat prostate biop-
sy, results demonstrated PHI was the most 
accurate one in both initial setting and repeat 
setting [25].

In general, studies to date indicated that both 
PHI and %p2PSA are higher in PCa patients and 
significantly improve the predictive value of the 
currently used tests (tPSA, fPSA, %fPSA). 
Summary of studies for evaluating the ability of 

Table 1. The areas under the ROC curve (AUC) of predictors in predicting prostate cancer

Reference No of patients Study design tPSA range (ng/ml)
Median AUC of predictors

tPSA fPSA %fPSA p2PSA %p2 PSA PHI
[5] 74 prospective 2.5-10 0.50 - 0.68 - 0.76 0.77
[11] 756 retrospective 2-10 0.58 0.58 0.67 0.61 0.71 0.75
[12] 268 prospective 2-10 0.53 0.58 0.58 0.59 0.76 0.76
[20] 1362 retrospective 1.6-8.0 0.56 - 0.60 0.63 0.72 0.73
[21] 892 Prospective 2-10 0.52 0.61 0.65 0.56 - 0.70
[22] 636 prospective abnormal 0.81 - 0.65 - 0.72 0.88
[23] 160 prospective abnormal 0.51 0.59 0.61 0.57 0.68 0.71
[24] 222 prospective abnormal 0.52 0.59 0.60 0.56 0.72 0.67
[28] 230 retrospective 4-10 0.55 0.54 0.57 0.65 0.77 0.78
The “-” means there is no detail data available, the “abnormal” means overall increased PSA.

Table 2. The specificity and cut-off point of predictors at 90% sensitivity for PCa detection

reference
tPSA %fPSA %p2PSA PHI

specificity Cut-off ≥ specificity Cut-off ≤ specificity Cut-off ≥ specificity Cut-off ≥
[8] 12.8 4.00 17.9 0.26 16.2 1.21 27.4 31.90
[11] 16.5 - 22.2 - 31.8 - 34.7 -
[12] 5.1 8.90 20.0 0.29 38.8 2.18 42.9 48.50
[23] 6.0 3.60 9.0 0.32 13.0 1.04 25.0 22.80
[24] 8.6 3.23 17.9 0.24 40.4 1.23 25.2 28.80
[27] 20.4 3.66 22.0 0.23 25.3 1.06 33.3 24.9
[28] 17.2 5.25 11.0 0.28 42.1 0.99 49.7 26.54
The “-” means there is no detail data available.



Clinical significance of %p2PSA and PHI in PCa

346 Am J Clin Exp Urol 2014;2(4):343-350

PSA isoforms in PCa detection was indicated by 
the area under the ROC curve (AUC) and showed 
in Table 1, both PHI and %p2PSA achieved 
higher AUC than other markers in all summer-
ized studies.

Increasing specificity and reducing unneces-
sary biopsy 

One of the most important characteristics of an 
optimal marker for PCa screening is maintain-
ing high sensitivity and specificity meanwhile 
avoiding unnecessary biopsy. Present indica-
tors for prostate biopsy are mainly based on 
serum tPSA levels and DRE. In view of the 
unsatisfactory accuracy of these two diagnos-
tic exams, researches have been focused on 
finding novel markers to improve pre-biopsy 
PCa detection while using biopsy as a golden 
standard.

Lazzeri M et al. conducted a multicentric pro-
spective study recruited 646 patient with tPSA 
levels of 2.0-10.0 ng/ml and scheduled for ini-
tial biopsy, at a PHI cut-off of 27.6 and a p2PSA 
cut-off of 1.22, a total of 100 (15.5%) and 111 
(17.0%) biopsies could have been avoided 
respectively, and 90% of cancers could have 
been detected. The specificity of PHI and 
%p2PSA is 19.4% and 22.8% respectively, bet-
ter than that of tPSA (15.7%) [26]. In the same 
multicentric study involved 222 patients with 
1-2 repeat biopsies, the authors reported that 
at a sensitivity of 90%, cutoff for %p2PSA  is 
1.23 and for PHI is 28.8, both of them signifi-
cantly increased the specificity of tPSA and 
%fPSA by 31.8, 22.5 and 16.6%, 7.3% respec-
tively. 153 (68.9%) and 116 (52.25%) biopsies 
could have been avoided [24]. Filella X et al. led 
a study with a total of 354 patients received 
prostate biopsy. Results showed the highest 
specificity at sensitivity around 90% was 
obtained for PHI (27.4%). Using a cut-off of 
31.94 for PHI and a cut-off of 1.21 for %p2PSA, 
a reduction of 19% and 12.7% biopsies could 
be obtained respectively [8]. The results are in 
agreement with two other retrospective studies 
[27, 28].

In summary, compared with tPSA and %fPSA, 
use PHI and %p2PSA could get better diagnos-
tic specificity and reduce unnecessary biopsies 
in PCa detection, meanwhile maintain high sen-
sitivity. The specificity and cut-off point of each 
predictor at 90% sensitivity for PCa detection 
was summarized in Table 2.

Clinical use in predicting aggressiveness of 
prostate cancer 

Currently, most commonly used assessments 
for PCa aggressiveness are Gleason Score and 
clinical tumor stage, which are subject to intra 
and inter-observer biases [15]. Therefore, 
detecting of aggressive tumors became one of 
the main concerns in context of PCa biomar- 
kers.

Sokoll et al. analyzed the serum samples of 
566 men (43% cancer, 57% without cancer on 
biopsy) who were prospectively enrolled in a 
multicenter study to investigate the potential 
correlation between p2PSA and PCa aggres-
siveness, they found increased p2PSA and 
%p2PSA were associated with increased Glea- 
son score and worsening disease characteris-
tics [29]. In another large multicenter study 
which involved 892 men who underwent biop-
sy, the risk of having PCa with a Gleason score 
≥ 7 was 1.6-fold higher in patients PHI value 
above 55 compare with those with PHI less 
than 25 [21]. This result was subsequently con-
firmed by another multicenter trial with more 
patients, showing that PHI had the best dis-
criminative power to detect aggressive PCa 
compared with tPSA or %fPSA [20].

The ability of %p2PSA and PHI in predicting PCa 
characteristics in final pathology reports after 
radical prostatectomy was also examined. 
Guazzoni G et al. conducted a prospective 
study which recruited 350 consecutive men 
diagnosed with localized PCa who underwent 
radical prostatectomy [30]. By performing tPSA, 
fPSA, %fPSA, p2PSA, %p2PSA and PHI mea-
surements on preoperative serum samples of 
these patients, they showed that %p2PSA and 
PHI were significantly higher in patients with 
pT3 disease, pathological Gleason ≥ 7 score or 
those that had Gleason sum upgrading (all P < 
0.001), suggesting that preoperative serum 
measurement of %p2PSA and PHI appear to be 
able to predict patients bearing more aggres-
sive diseases and be useful in the preoperative 
counseling with patients [30]. For the similar 
goal, Heidegger et al. led a study with 381 
patients who undergoing radical prostatecto-
my. They found %p2PSA levels were significant-
ly higher in the cancer group than in the benign 
group 4 years before PCa was diagnosed. 
Patients with high p2PSA levels are at a higher 
risk of having aggressive PCa [31]. More recent-
ly, a study found that the cutoff level of 22.5 
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pg/ml of p2PSA can accurately distinguish 
organ-confined from advanced PCa [32].

The above data suggested that %p2PSA and 
PHI play critical roles not only in improving 
detection but also in predicting aggressiveness 
of PCa. With the further study of these aggres-
siveness-related biomarkers, we may be able 
to distinguish the clinically significant and indo-
lent PCa preoperatively and subsequently help 
to decide the best treatment option for individ-
ual patient.

Performance in following up of prostate can-
cer undergo active surveillance 

The tPSA-based PCa screening has led to the 
excess detection of non-aggressive PCa and 
subsequent overtreatment due to its low speci-
ficity. Active surveillance has been set up as a 
strategy to reduce the risk of overtreatment in 
clinically confined, low-risk PCa patients. 
However, patients enrolled in active surveil-
lance program still have to receive invasive 
repeated prostate biopsy every 1-2 years and 
suffer from biopsy-related complications includ-
ing pain, bleeding, rarely acute infection and 
even death [33]. Additionally, due to the multi-
focal-genesis nature of PCa and intra-tumoral 
heterogeneity, sometimes a conventional biop-
sy are not able to provide complete characteris-
tics of the tumor [34]. In approximately 25-40% 
of patients who are eligible for active surveil-
lance, the biopsy pathology underestimated 
tumor grade or extent resulting in improper 
treatment for aggressive disease [35, 36]. 
Thus, it is necessary to discover more reliable 
biomarkers to help predicting unfavorable 
tumor pathology in the setting of active surveil-
lance. This may reduce the frequency of surveil-
lance biopsies and enhance acceptance of 
active surveillance. 

Preliminary studies showed encouraging poten-
tial clinical applications of serum p2PSA and its 
derivatives in active surveillance of PCa. 
Makarov et al. evaluated the association 
between serum proPSA levels and unfavorable 
biopsy conversion on annual surveillance 
examination at Johns Hopkins Hospital by using 
serum and prostatic biopsy samples from 71 
men who under active surveillance program. 
They found that %p2PSA was significantly high-
er in men who developed unfavorable biopsies 
[19]. Further investigation in the same patient 

cohort suggested that, when combined with 
biopsy tissue DNA content, the accuracy of PHI 
and %p2PSA in predicting unfavorable biopsy 
conversion were improved to 70% at annual 
surveillance biopsy examination [37]. Later, 
these findings were validated in another study 
including 167 men and with long-term follow 
up. Compared with tPSA and %fPSA, %p2PSA 
and PHI measurements provided the best pre-
dictive value for high-grade cancer [38]. 
Recently, a similar multicenter cohort study 
was performed in Japan, and the results were 
consistent with the previously findings [39].

To date, studies indicated that p2PSA and PHI 
have a potential role in identifying disease 
progress in men with PCa and enrolled in active 
surveillance program that might be at an 
increased risk of disease progression. However, 
the sample sizes of all these studies are rela-
tive small. More studies with larger sample size 
are required to conclude how PHI or %p2PSA 
would benefit PCa patients who under active 
surveillance programs, and how clinically mean-
ingful thresholds could be defined and incorpo-
rated into the follow-up schedule appropri- 
ately.

Conclusion and prospective

Over the past decades, the use of serum PSA 
has significantly improved the clinical manage-
ment of PCa and decreased PCa-specific mor-
tality despite its unsatisfactory specificity and 
sensitivity. As the novel markers, PHI and 
%p2PSA have been suggested the most can-
cer-specific serum biomarkers in men with PCa 
in comparison with other currently available 
test (tPSA, fPSA and %fPSA), especially in 
patients with PSA < 10 ng/ml. Incorporating 
PHI or %p2PSA into fPSA and tPSA yielded more 
promising results in predicting PCa. More 
importantly, increased %p2PSA and PHI levels 
were strongly associated with patients harbor-
ing more aggressive diseases. These roles 
were validated by both prostatic biopsy and 
final histology reports after radical prostatec-
tomy. Furthermore, %p2PSA and PHI demon-
strated potential ability to identify the progress 
of low-risk localized cancer under active sur-
veillance. PHI and p2PSA also showed potential 
association with probability of metastatic pro-
gression and biochemical recurrence after radi-
cal prostatectomy [40]. Studies showed that if 
PHI and %p2PSA were added to the current PCa 
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screening strategies, the overall reductions in 
cost can be achieved due to the index reduced 
the total number of office visits, laboratory 
tests and unnecessary biopsy [41]. 

Growing body of evidence suggested that 
%p2PSA and PHI are more accurate in distin-
guishing indolent PCa from more aggressive 
diseases. However, the limitations of those 
studies must be noticed. First, the recommend-
ed cut-off point of these indexes among those 
studies varied widely (Table 2). So far, the stan-
dard thresholds of PHI and %p2PSA to identify 
PCa and aggressive disease have not been set 
up. Secondly, for men with low-risk biopsy 
pathology under active surveillance, using PHI 
and %p2PSA as markers to monitor the prog-
ress is still at an early stage. Lastly, most stud-
ies were performed with a tPSA cut-off < 10 ng/
ml, this may exaggerate the predictive accuracy 
of these novel markers in PCa diagnosis. 
Therefore, prior to use these novel markers to 
aid the diagnosis of PCa in routine clinical prac-
tice, more large multicentre, randomized pro-
spective clinical trials are required. 

In summary, studies suggested that both PHI 
and %p2PSA enhanced the accuracy of detec-
tion, reduced the number of unnecessary biop-
sies and helped predicting the aggressiveness 
of PCa when compared with tPSA and fPSA. 
The use of these markers might help physicians 
to counsel with patient and decide the optimal 
management.
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