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Background: Prostate cancer (PCa) is the second most common cancer among men world-
wide. Recent research has identified [-2]proPSA (p2PSA), %p2PSA and prostate health
index (phi) as new biomarkers for the early diagnosis and grading of PCa. However, few
studies have used these parameters in a healthy population. In this study, we aimed to
establish reference intervals (RIs) for p2PSA, %p2PSA and phi in healthy men based on
age stratification.

Methods: Between April 2016 and March 2018, healthy subjects were recruited. Healthy
men were then stratified into four age groups: <40 years, 4049 years, 50-59 years and
>60 years. Total PSA (tPSA), free PSA (fPSA), %fPSA, p2PSA, %p2PSA and phi were
measured and Rls were established for p2PSA, %p2PSA and phi.

Results: In total, 732 healthy men were used for analysis. The Rls of phi were 9.77-48.44
for <40 years of age, 9.85-65.28 for 4049 years of age, 9.98-39.72 for 50-59 years of age
and 8.16-40.76 for >60 years of age. The reference values at the age of 4049 years were
generally higher than those at >60 years of age.

Conclusions: Age-specific RIs for p2PSA, %p2PSA and phi were established in this study.
This first set of established RlIs will be invaluable for physicians to make precise medical
decisions and carry out appropriate medical interventions.
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Introduction

Prostate cancer (PCa) is one of the most common malignancies in males worldwide
and one of the principal causes of death from cancer in the male population.’ The
current diagnosis of PCa depends on transrectal ultrasonography (TRUS) and
biopsy. However, both of these techniques are invasive and are not easy to carry
out, and are therefore not conducive to an early diagnosis. The most common
practice is to perform routine PSA (prostate specific antigen) testing; PSA is a
valid tumor marker for the swift and efficient screening of PCa. This test has
increased the detection rates of early-stage PCa and reduced the mortality rates
associated with this condition.” * However, PCa screening has been associated with
unnecessary biopsies, over-diagnosis, and subsequent over-treatment.>® Due to the
low specificity of the PSA test, the current guidelines do not recommend PSA-
based PCa screening and as a consequence, researchers are actively searching for
more specific tumor biomarkers. In recent years, [-2]proPSA (p2PSA), %p2PSA
and prostate health index (phi) have gradually gained acceptance by the scientific
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community and have become the primary biomarkers
investigated for the diagnosis of PCa. Research studies
have already been carried out on p2PSA, %p2PSA and
phi and the majority of these studies were performed in
PCa patients with total prostate-specific antigen (tPSA)
levels of 4-10 ng/mL (referred to as the “gray zone”)
and in patients with PSA levels >10 ng/mL.”'" While
tPSA may have early diagnostic and screening value,
there is very little evidence in this regard. Research popu-
lations selected based on abnormal tPSA may be biased.
Consequently, it is necessary to detect additional biomar-
kers such as p2PSA, %p2PSA and phi in healthy popula-
tion. Consequently, the establishment of Rls is of great
significance and clinical application value for the early
diagnosis of PCa. Unfortunately, there are few research
reports describing this style of protocol, and there is lim-
ited information relating to the reference limits for this
group of men.'”'* Consequently, the purpose of this
research study was to establish RIs for p2PSA, %p2PSA
and phi in healthy men, stratified by age.

Materials and methods

Subjects

This study complied with the Code of Ethics of the
World Medical Association, was
Hospital Ethics Committee (Reference Number: 2014—
33) and was carried out between April 2016 and March

approved by the

2018. After obtaining informed consent, subjects were
recruited following physical examination at Daping
Hospital in Chongqing, China. Inclusion criteria were
as follows: (1) a tPSA concentration <4 ng/mL and (2) a
negative result from transabdominal prostate ultrasound.
Negative ultrasound results were defined as a normal
prostate size, without any positive manifestations,
including prostate nodules, bilateral asymmetry of the
outer glands, increased blood flow signals in the glands,
unclear boundaries between the inner and outer glands
and abnormal morphology. Exclusion criteria were: (1) a
prior history of PCa; (2) acute or chronic bacterial
prostatitis; (3) active urinary tract infections; (4) pre-
vious transurethral resection of the prostate; and (5) the
use of drugs or other therapies within 6 weeks preceding
blood collection that might have influenced PSA con-
centrations. The subjects recruited were stratified into
four age groups: <40 years, 40—49 years, 50-59 years

and >60 years.

Sample collection and analysis

Blood samples were collected before any prostatic manip-
ulations that could have caused a transient increase in
biomarker levels. Following blood collection, serum was
immediately separated by centrifugation and stored at
=70 °C to await analysis. Maximum storage time was
approximately 4 months. Prior to analysis, the stored
serum samples were thawed at room temperature, mixed
and analyzed using a Beckman Coulter Unicel DXI 800
automatic immunity analyzer (Beckman Coulter, Brea,
CA, USA), along with the Hybritech-calibrated Access
tPSA, fPSA and p2PSA assays. In total, we assayed the
levels of six biomarkers in each serum sample, which
included tPSA, fPSA, %fPSA, p2PSA, %p2PSA and phi.

Data collection and statistics
p2PSA derivatives were calculated as shown in equations
(1) and (2) below.

%p2PSA = p2PSA % 100/(fPSA % 1000) (1)

phi = (p2PSA/fPSA) x tPSA’? )

Demographic information and results were recorded
electronically using Statistical Product and Service
Solution (SPSS) Version 22.0 for Windows (SPSS,
Chicago, IL, USA) and presented with GraphPad Prism
Version 7 for Windows (GraphPad Software, San Diego,
CA, USA). Prior to calculating Rls, the outliers were
identified by the Dixon’s test and interpreted by Reed’s
criteria in which the absolute difference between an
extreme observation and the next largest observation (D)
was divided by the range of all observations (R)."® If the
difference D was equal to or greater than one-third of the
range of R, the extreme value was deleted.'® To ascertain
whether separate age-specific reference intervals should be
used in clinical practice, we determined 90% confidence
intervals for each biomarker’s upper and lower reference
limits. Standard descriptive statistics were used. Non-nor-
mally distributed variables are presented as medians and
interquartile ranges (IQR), while normally distributed data
were presented as means and standard deviations. When
data were not normally distributed, comparisons were
made using the Mann-Whitney U test for comparison
between two groups or the Kruskal-Wallis test with
Dunn’s multiple comparisons for multiple groups. The
level of significance was set at a p-value <0.05.
Reference values were calculated by non-parametric
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methods following guidelines (C28-A3c) published by the
Clinical and Laboratory Standards Institute (CLSI)."”

Results

Patient recruitment

In total, 1707 subjects with tPSA levels <4 ng/mL were
recruited for this study. Of these, 190 cases were miss-
1517 of the
recruited cases had the necessary data for inclusion.

ing ultrasound results. Consequently,
However, only 732 cases were ultrasound-negative
with tPSA levels <4 ng/mL and could be included in
this study. These patients accounted for 48.25% (732/
1517) of the recruited cases (Table 1). The proportions
of males with negative ultrasound results in the
<40 years, 40—49 years, 50-59 years and >60 years
age groups were 86.54% (135/156), 70.83% (306/
432), 46.63% (166/356) and 21.82% (125/573), respec-
tively. Quantitative data and the proportional distribu-
tion of the recruited patients in the four age groups are
shown in Figure 1. Notably, the proportion of patients
who had positive ultrasound results increased with age
(»p<0.0001).

Changes in the serum levels of six

biomarkers in healthy males

] ] . .
516 gix outliers were

According to Dixon and Reed’s criteria,
detected, which included one case in the <40 years age group,
one case in the 40-49 years age group, two cases in the 50—
59 years age group, and two cases in the >60 years age group.
Consequently, 726 cases were finally used to establish the RlIs.

The means, standard errors of the mean, and selected
percentiles for tPSA, fPSA, %fPSA, p2PSA, %p2PSA and
phi are shown, stratified by age group, in Table 2. Boxplot
and curves, depicting age-related distribution, are shown
in Figures 2 and 3. In general, fPSA, %fPSA and p2PSA
curves for healthy males showed similar trends; decreasing
with age (p<0.05) and rising slightly at the age of
>60 years. Similarly, the curves of tPSA, %p2PSA and
phi showed the same performance as each other with the
highest peaks appearing during 40—49 years of age. There
were no significant differences in tPSA or %p2PSA across
the different age groups (p>0.05). In addition, there was no
significant difference between the two groups in terms of
phi, although significant differences existed between the
different age groups (p=0.0491).

Table | Physical examination findings in the population of recruited patients

Examination Findings Age groups (years) Total

<40 40-49 50-59 =260
tPSA <4 ng/mL n (%) 156 (10.28) 432 (28.48) 356 (23.47) 573 (37.77) 1517 (100)
Ultrasound results (—) n (%) 135 (86.54) 306 (70.83) 166 (46.63) 125 (21.82) 732 (48.25)
Ultrasound results (+) n (%) 21 (13.46) 126 (29.17) 190 (53.37) 448 (78.18) 785 (51.75)

Notes: Ultrasound results (—) defined as normal prostate size, without any positive manifestations including prostate nodules, bilateral asymmetry of the outer glands,
increased blood flow signals in the glands, unclear boundaries between the inner and outer glands and abnormal morphology.

Abbreviation: tPSA, total prostate-specific antigen.
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Figure | (A) Quantitative distribution of subjects in four different age groups. (B) Proportion of Ultrasound results (—) and Ultrasound results (+) subjects in four different age groups.
Notes: Ultrasound (—) defined as normal prostate size, without any positive manifestations including prostate nodules, bilateral asymmetry of the outer glands, increased
blood flow signals in the glands, unclear boundaries between the inner and outer glands, abnormal morphology; Ultrasound (+) defined as oversize prostate, or with
manifestations including inflammatory change, prostate nodules, bilateral asymmetry of the outer glands, increased blood flow signals in the glands, unclear boundaries
between the inner and outer glands, abnormal morphology.

Abbreviation: tPSA, total prostate-specific antigen.
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Table 2 Mean, standard deviation (SD) of the mean, and selected percentiles for PSA tests in healthy men of various ages

Age group (year) n Mean (SD) Percentiles
S5th 10th 25th 50th 75th 90th 95th

tPSA (ng/mL) All ages 726 0.92 (0.60) 0.31 0.38 0.52 0.79 1.10 1.6l 2.15
<40 134 0.93 (0.62) 0.32 041 0.55 0.76 1.14 1.79 2.20
4049 305 0.92 (0.55) 0.33 0.41 0.56 0.80 1.10 1.53 2.02
50-59 164 0.90 (0.57) 0.32 0.39 0.51 0.77 1.13 1.62 2.12
260 123 0.94 (0.72) 0.20 0.27 0.44 0.78 1.10 1.83 2.88
p-value 0.5856 (NS)

fPSA (ng/mL) All ages 726 0.31 (0.17) 0.11 0.14 0.20 0.28 0.40 0.53 0.62
<40 134 0.34 (0.15) 0.15 0.19 0.23 0.32 0.43 0.55 0.62
4049 305 0.32 (0.17) 0.12 0.15 0.20 0.28 0.39 0.52 0.62
50-59 164 0.29 (0.17) 0.10 0.13 0.18 0.24 0.37 0.54 0.65
260 123 0.30 (0.18) 0.08 0.10 0.16 0.27 0.40 0.53 0.62
p-value 0.0009 (*¥**)

%fPSA All ages 726 0.38 (0.14) 0.17 0.21 0.28 0.36 0.47 0.56 0.64
<40 134 0.43 (0.15) 0.18 0.22 0.31 0.43 0.53 0.64 0.70
40-49 305 0.38 (0.13) 0.18 0.22 0.28 0.35 0.46 0.55 0.63
50-59 164 0.35 (0.13) 0.16 0.20 0.26 0.33 0.45 0.53 0.58
260 123 0.36 (0.13) 0.15 0.20 0.27 0.34 0.44 0.52 0.60
p-value <0.0001 (***)

p2PSA (pg/mL) All ages 726 6.75 (4.20) 2.20 2.87 4.01 5.80 8.37 11.52 14.30
<40 134 7.38 (4.59) 2.73 331 4.87 6.54 8.92 11.56 15.75
4049 305 7.21 (4.54) 2.40 3.18 4.10 6.12 9.07 12.17 16.65
50-59 164 6.04 (3.57) 2.24 2.49 371 5.21 7.26 11.25 14.11
260 123 5.84 (3.28) 1.79 2.16 3.39 5.33 7.70 10.29 12.79
p-value 0.0001 (**+*)

%p2PSA All ages 726 2.25 (1.07) 1.36 1.49 1.72 2.07 2.45 3.02 3.60
<40 134 2.17 (0.88) 1.31 1.50 1.71 1.97 2.39 2.67 371
4049 305 2.37 (1.32) 1.42 1.56 1.81 2.10 2.51 321 392
50-59 164 2.17 (0.85) 1.40 1.47 1.67 2.03 2.44 2.94 3.20
260 123 2.15 (0.74) 1.24 1.36 1.58 2.09 2.53 3.27 3.44
p-value 0.0730 (NS)

phi All ages 726 20.28 (10.41) 10.37 11.63 14.52 18.46 23.07 28.82 35.86
<40 134 19.95 (9.66) 10.37 11.00 13.72 17.77 22.36 30.90 36.56
4049 305 21.68 (12.86) .19 12.59 15.17 19.51 23.69 30.45 39.83
50-59 164 19.15 (7.05) 10.70 11.70 14.34 17.20 22.99 27.75 31.08
260 123 18.66 (7.35) 8.66 10.19 13.65 16.95 22.83 26.80 32.55
p-value 0.0491 (*)

Notes: NS indicates no significance; *indicates p<0.05; ***indicates p<0.001.

Abbreviations: tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen; p2PSA, [-2]proPSA; phi, prostate health index; NS, not significant.

Age-based reference intervals of p2PSA,
%p2PSA and phi in healthy males

RlIs (2.5th to 97.5th percentiles) for p2PSA, %p2PSA and
phi in the overall population were 1.88—17.40 pg/mL and
1.26-4.54, 9.48-45.50, respectively. RIs for the four

different age groups are summarized in Table 3. Several
studies have indicated that these markers, including tPSA

and p2PSA, would change with age;'>'?1%1°

the present
study provides further supporting evidence for this. Most of

the 90% confidence intervals corresponding to the reference
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Figure 2 Serum levels of (A) tPSA, (B) fPSA, (C) %fPSA, (D) p2PSA, (E) %p2PSA and (F) phi in healthy males among the four different age groups. Boxes and horizontal
lines indicate interquartile ranges and medians, respectively; whiskers stretch from the 2.5th to 97.5th percentiles for each age group.

Notes: *indicates p<0.05; *¥indicates p<0.01; ***indicates p<0.001.

Abbreviations: tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen; p2PSA, [-2]proPSA; phi, prostate health index.
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Figure 3 The age-related distribution curves of PSA (A), p2PSA and phi (B). Dots, squares and triangles indicate medians, respectively; whiskers stretch from the —95%

confidence interval (Cl) to the 95% ClI for each age group.

Abbreviations: tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen; p2PSA, [-2]proPSA; phi, prostate health index.

limits overlapped with one another, indicating that the RIs
were applicable to the three biomarkers were, in general,
not different among the entire population or the four age
groups. There were eight non-overlapping 90% confidence
intervals found in the 4049 years cohort and the >60 years
cohort, including the upper reference limit of p2PSA, the
lower reference limit of %p2PSA, and both the upper and
lower reference limits of phi for both of these age groups.

The data showed that the reference limits at 4049 years of
age were generally higher than those at >60 years of age.

Discussion

RIs are critical for clinical laboratory test interpretation
and patient care. The test results themselves are of little
value unless the report has an appropriate RI or medical
decision limit. To the best of our knowledge, this
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Table 3 Reference intervals for p2PSA, % p2PSA and phi

Biomarker Age group (years) n Percentile
2.5th 97.5th

p2PSA (pg/mL) All ages 726 1.88 (1.72-2.07) 17.40 (15.83-18.81)
<40 134 2.02 (1.60-2.89) 17.93 (15.17-37.58)
4049 305 2.08 (1.74-2.34) 19.02 (17.22-25.70)*
50-59 164 1.60 (1.41-2.25) 15.75 (14.00-19.71)
260 123 1.28 (0.28-1.81) 15.15 (11.85-16.57)*

%p2PSA All ages 726 1.26 (1.21-1.33) 4.54 (3.944.77)
<40 134 1.17 (1.14-1.34) 4.69 (3.52-8.17)
4049 305 1.34 (1.29-1.39)* 4.82 (4.12-10.33)
50-59 164 1.35 (1.15-1.41) 3.91 (3.18-8.56)
260 123 1.21 (0.89-1.26)* 4.41 (3.41-5.09)

phi All ages 726 9.48 (8.92-10.09) 45.50 (40.01-52.84)
<40 134 9.77 (7.25-10.44) 48.44 (34.96-74.88)
4049 305 9.85 (9.00-10.98)* 65.28 (45.50-92.38)*
50-59 164 9.98 (8.89-10.86) 39.72 (30.91-53.09)
260 123 8.16 (6.26-8.92)* 40.76 (30.40-43.52)*

Notes: Values in brackets indicate the 90% confidence interval (Cl) of the corresponding reference limits. *Indicates non-overlapping 90% Cls between the two groups.

Abbreviations: p2PSA, [-2]proPSA; phi, prostate health index.

represents the first study to establish reference intervals for
p2PSA, %p2PSA and phi in a healthy male population.
Previous studies from across the world have focused on
males over 40 years of age, particularly those of older age,
and have only concerned the specific characteristics of pros-
tate disease.”*?! A major shortcoming of these previous
studies is that biomarkers of prostate disease were not char-
acterized in the healthy male population. This made it impos-
sible to set accurate and specific ranges for biomarkers of
prostate disease in normal healthy males. The aim of the
present study was to investigate the dynamic trends of
p2PSA, %p2PSA and phi across a healthy population of
males with a wide range of ages, featuring both young and
elderly patients. Our primary aim was to establish RIs for
p2PSA, %p2PSA and phi within the normal healthy male
population. Therefore, in addition to investigating subjects
with normal levels of tPSA (<4 ng/mL), our selection of
healthy men also meant that we were investigating subjects
who were ultrasound negative. This is why our results and
conclusions differ from previous reports using healthy
populations.'*"* Subjects included in previous studies were
recruited on the basis of their normal tPSA, yet we found that
the proportion of subjects with a normal prostate size (ie, no
prostatic hyperplasia or hypertrophy) was only 48.25% in
this study. When stratified by age, the proportions of males
with an enlarged prostate in the <40 years, 40—49 years, 50—
59 years and >60 years age groups were 13.46% (21/156),

29.17% (126/432), 53.37% (190/356) and 78.18% (448/573),
respectively. We can, therefore, speculate that even if serum
tPSA levels remain normal, prostatic hyperplasia or hyper-
trophy may occur. Furthermore, it is important to note that
the incidences of prostatic hyperplasia and hypertrophy
increase significantly with age.

Our present study also showed that tPSA, %p2PSA and
phi did not increase with age, as reported in most of the

existing literature,'>!31%:19

and that there was no signifi-
cant difference in these three biomarkers when compared
across men of different ages. This finding differs from
previous studies, possibly because of the nature of our
study population. In our population of healthy males, we
ruled out the possibility of benign prostatic hyperplasia
(BPH) and other related diseases. However, the upward
trends of tPSA, %p2PSA and phi described in previous
studies concurred with the tendency for BPH to increase
with age in our study. we can speculate that the elevated
biomarker levels, including those of tPSA and phi, in the
healthy population of previous studies was caused by
BPH, remains unclear because these studies failed to
include the imaging data. Future studies should aim to
address this issue.

In the present study, we also observed that tPSA, %
p2PSA and phi showed similar trends with age, peaking at
40-49 years. This can be explained by the histological
appearance of BPH after the age of 40 years. Between
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the ages of 40 and 49, the prostate is more likely to
experience enlarged glandular cells (hypertrophy) and
hyperplasia. There are no positive features for BPH in
imaging while BPH is involved in the initial stages of
hyperplasia and hypertrophy. Consequently, higher levels
of tPSA, %p2PSA and phi are often observed in this age
group. It is also worth mentioning that phi falls to its
lowest levels at the age of >60 years, which may be
associated with a decline in liver and kidney metabolism,
estrogen inactivation and androgen secretion, and the
attenuation of function in the hypothalamus-pituitary-tes-
ticular gonad axis.”> Does phi predict a lower risk of
prostate disease such as BPH in these older men?
Unfortunately, the answer to this question requires further
validation. Interestingly, trends in the other three biomar-
kers (fPSA, %fPSA and p2PSA) with age were essentially
identical, showing peaks <40 years of age and then falling
gradually with age. p2PSA, one of the truncated forms of
ProPSA, is created after cleavage by kallikrein and has
been shown to be highly associated with the development
of PCa.” In this study, the peak levels of p2PSA were
observed in healthy young adults. Furthermore, we estab-
lished RIs for p2PSA, %p2PSA and phi in a healthy male
population. The RIs of the four age cohorts tested herein
were different, and we also identified that the upper and
lower limits of reference values for these biomarkers at the
age of 40—49 years were generally higher than those at
>60 years.

There are two primary limitations of this study. First,
the study population was recruited from a third-class hos-
pital in Chongqing. Consequently, there may have been a
certain level of bias in terms of population selection.
Second and most importantly, defining prostate health
through laboratory tests and transabdominal prostate ultra-
sound is clearly insufficient. Clearly, comprehensive pros-
tate health screening should also include direct rectal
examination (DRE), transrectal ultrasonography (TRUS),
magnetic resonance imaging (MRI) and prostate biopsy.

Conclusion

This study describes a relation between age and changes in
the levels of six markers, including PSA and p2PSA.
Interestingly, for the first time, we revealed the signifi-
cance of determining age-specific p2PSA and phi values
in healthy men in Chongqing, China. The typical higher
age-specific reference interval for serum p2PSA and phi in
comparison with other populations also underlines the
need for regional research within individual countries.

Abbreviations

BPH, benign prostatic hyperplasia; PCa, prostate cancer;
PSA, prostate-specific antigen; p2PSA, prostate-specific
antigen isoforms 2.
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