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ORIGINAL ARTICLE

A longitudinal study of PSA and its influential factors in a
cohort of Chinese men with initial PSA levels less than
4 ng ml~1

Ming Liu, Jian-Ye Wang, Hong-Xue Su, Gang Wan, Ling Zhu and Xiao-Ming Wang

To evaluate the longitudinal change in prostate-specific antigen (PSA) and the influence of initial PSA on the PSA change. We
retrospectively analysed health examination data collected at Beijing Hospital from March 2007 to November 2011. Men with an
initial PSA levels less than 4 ng mI~! and an annual PSA test for 5 years were enrolled into the study. The men were separated into four
groups by the initial PSA level (0-0.99, 1-1.99, 2-2.99 and 3-3.99 ng mI™!), and the difference in PSA change among the four groups
was analysed. A total of 1330 men were enrolled into the study. The mean age, initial PSA and PSA velocity (PSAV) were 58.17+14.63
(range 24-91) years, 1.18+0.79 (range 0-4) ng ml~! and 0.04+0.25 (range —1.34-2.02) ng mI~! year~1. Pearson’s correlation
analysis showed no correlation between initial PSA and PSAV (r=—0.036, P=0.189). The PSAV of the 0-0.99, 1-1.99, 2-2.99 and
3-3.99 ng mlI~ ! initial PSA groups was 0.03+0.11, 0.07+0.32, 0.03+0.34 and —0.01+0.43 ng ml~! year?, respectively
(P=0.06). As the initial PSA increased, the percentage of having a PSAV over 0.75 ng ml~! year—! and a negative PSAV both
significantly increased. Males with a baseline PSA of 0-0.99, 1-1.99, 2-2.99 and 3-3.99 ng mi~'hada1.88%,6.16%, 16.30% and
57.81% chance, respectively, that their PSA would increase above 4.0 ng ml~? over the following 4 years (P<0.0001). The PSAV has
no correlation with the initial PSA level. However, as the initial PSA increases, the chance that males will have an abnormal PSA or

PSAV in the future increases.
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INTRODUCTION

Prostate-specific antigen (PSA) is a glycoprotein that is primarily pro-
duced by the epithelial cells that line the acini and ducts of the prostate
gland. PSA is concentrated in prostatic tissue, and serum levels are
normally low. Disruption of the normal prostatic architecture, such as
by prostate cancer (PCa), allows greater amounts of PSA to enter the
general circulation. Therefore, the serum PSA level has become an
important marker in PCa screening in clinical practice. However,
other prostate diseases, including benign prostatic hyperplasia and
prostatitis, may also lead to increased serum PSA levels. In particular,
when the PSA level is slightly higher than normal, it can be difficult to
interpret and assess its relevance to the pathological results. This lack
of specificity has prompted unnecessary prostate biopsies.

Several hypotheses have been proposed during recent years to
improve specificity and avoid an excess number of biopsies for benign
conditions. Among them, PSA kinetics evaluates longitudinal changes
in PSA and may improve the ability to use PSA to diagnose PCa. It has
previously been shown that the rate of change in PSA is greater for men
with PCa compared with those without PCa."” Recent studies have
shown that tracking changes that occur in serial PSA measurements
may be useful in detecting men at a high risk of death from PCa as
well as monitoring the progression of PCa in an active surveillance
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PSA velocity (PSAV) is one index of PSA kinetics, and it is defined
as the PSA change divided by the interval between measurements
and expressed as ng ml~' year™'. PSAV is primarily used to detect
PCa. Some investigators have suggested that a PSA increase of
>0.75 ng ml™! year ™' is an indication for biopsy in patients with a
PSA level between 4 and 10 ng ml~1.> However, PSAV in men with a
normal PSA level and its relationship with initial PSA are not fully
understood, especially in the Chinese population. Therefore, this
study was designed to analyse PSAV and related parameters, especially
the initial PSA level, in Chinese men with no history of PCa and with
an initial PSA level <4.0 ng ml™".

MATERIALS AND METHODS

Population selection and analysis

We retrospectively analysed the health examination data from Beijing
Hospital. The numbers of men who had a PSA test each year and had
repeat tests during the following years are listed in Table 1. A total of
1443 men who lived in downtown Beijing visited our hospital for a
routine health examination every year, and serum PSA was measured
from March 2007 to November 2011. Each man had five PSA mea-
surements. Six men were excluded from the study as a result of PCa
history, and 107 were excluded as a result of initial PSA >4 ngml™" or
abnormal digital rectal examination.
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Table 1 Total number of men who had a PSA test each year and had
repeat tests during the following years

Table 2 Patients were separated into four groups according to initial
PSA level

2007 2008 2009 2010 2011
PSA test each year 6779 8962 11317 13006 14556
PSA tests during the following years — 4333 2801 2275 1143

Abbreviation: PSA, prostate-specific antigen.

Blood samples were taken prior to any prostatic manipulations,
including digital rectal examination. The electrochemiluminescence
immunoassay method was used for the measurement of PSA. The age,
PSA and digital rectal examination results were recorded. The research
protocol was approved by the Medical Ethics Committee of Beijing
Hospital.

Statistics

All statistical analyses were carried out using SAS software, and
P<0.05 was considered statistically significant. Pearson’s correlation
analysis was used to determine the effect of initial PSA on PSAV. The
GLM procedure was used to compare the PSAV between different
initial PSA groups. The Student-Newman—Keuls test was used to
compare the cumulative incidence of abnormal PSA or PSAV in dif-
ferent initial PSA groups. PSAV was calculated as follows: [(PSA2 —
PSAl)/(year 2—year 1)+ (PSA3-PSA2)/(year 3—year 2)+(PSA4-PSA3)/
(year 4—year 3)+(PSA5-PSA4)/(year 5—year 4)]/4.

RESULTS

A total of 1330 men were enrolled into the study. The mean age was
58.17+14.63 years (range: 24-91 years), and the initial PSA was
1.18%0.79 ng ml~' (range: 0.00-3.99 ng ml~'). The mean annual
PSA levels were 1.18%+0.79, 1.26%+0.99, 1.34*+1.28, 1.34*1.14 and
1.34=1.19 ng ml~" from 2007 to 2011, respectively. A scattergram
of individual PSAV measurements according to initial PSA is shown
in Figure 1. Pearson’s correlation analysis showed no correlation
between initial PSA and PSAV (r=-0.036, P=0.189).

We divided the cases into four groups according to their initial PSA
level. Table 2 shows the number of cases and the mean PSAV in each
group. There was no correlation between PSAV and initial PSA level
(P=0.06).

The mean PSAV was 0.04+0.25 ng ml~' year ' (range: —1.34
to 2.02 ng ml ™" year '). A total of 704 cases (52.93%) had a positive
PSAV, whereas the others had a negative value. As the initial PSA
level increased, the likelihood of patients having a PSAV
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Figure 1 Scattergram of individual PSAV according to initial PSA. PSA, prostate-
specific antigen; PSAV, PSA velocity.
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Initial PSA Number of cases, n (%) PSAV (ng mi~* year™1)
(ngmi™1) (mean=+s.d.)
0-0.99 693 (52.11) 0.03+0.11
1-1.99 438 (32.93) 0.07+0.32
2-2.99 135(10.15) 0.03+0.34
3-3.99 64 (4.81) —-0.01+0.43

Abbreviations: PSA, prostate-specific antigen; PSAV, PSA velocity.
P=0.06, PSAV compared with each initial PSA group.

>0.75 ng ml~! year ! and a negative PSAV value also increased.

The distribution of PSAV differed among each initial PSA group
(P<0.001) (Table 3).

During the follow-up, the annual number of cases who had PSA
levels >4.0 ng ml ™" was 28, 37, 34 and 46 from year 2 to 5, respectively.
In year 5, the cumulative number of cases with PSA levels >4.0 ng ml ™"
was 99, and PSA levels >3.0 ng ml~' was 186. Beginning in the first
year of follow-up, the likelihood of patients converting to PSA levels
>4.0 ng ml™" or PSA levels >3.0 ng ml™" was correlated with the
initial PSA level (Table 4). A total of 39 cases that had elevated PSA
levels greater than 4 ng ml~"' during the follow-up underwent prostate
biopsy, and 9 (23.08%) cases were diagnosed with PCa. The biopsy
rate was 39.39%.

DISCUSSION

This study investigated a Chinese health assessment population who
had annual PSA tests for 5 years. They had no history of PCa before
entry and had an initial PSA level of <4.0 ng ml™". During the five-year
follow-up, only 99 cases had PSA levels over 4 ng ml™"; of these cases,
39 underwent biopsy, and 9 cases of PCa were found. Therefore, the
results were from a group in which most of the patients had no malig-
nant prostate disease. This longitudinal study showed that in the entire
cohort, the mean PSA level increased from 1.18 ng ml ! at baseline to
1.34 ng ml ™" after 4 years. The mean annual PSA change in this popu-
lation was 0.04 ng ml™" year™', which is similar to previous studies
based on Western populations. One data evaluation report of the
Baltimore Longitudinal Study of Aging showed that the annual PSA
change was 0.18 ng ml™" in PCa cases and 0.03 ng ml ™" in non-cancer
cases.® Another 10-year longitudinal study in 4272 men with no evi-
dence of PCa found that the annual PSA change was 0.03 ng ml~".” All
these data demonstrate that the PSA level is correlated with age and
slightly increases over time in the general population. However, PSA
does not increase over time in all individuals. Only 52.93% of the men
in the present study had a final PSA level higher than at baseline.

It has been demonstrated that several factors can affect PSA levels.
Some factors, including benign prostatic hyperplasia, PCa and
5a-reductase inhibitors, may affect the PSA level gradually. How-
ever, other factors, such as prostatitis, urinary infection, ejaculation
and prostate massage, can cause short-term fluctuations in PSA. PSA
variability by chance may be one of the reasons for the diversity of
PSA changes in longitudinal studies. The likelihood of having higher
PSA levels in the final test increases with the initial PSA level. In men
with an initial PSA level <1 ng ml ™", the likelihood of a higher final
PSA was 46.03%. This value increased to 56.25% in those with an
initial PSA level between 3 and 3.9 ng ml™".

PSAV indicates the rate of change in PSA levels over time. Carter et al.'
first reported that PSA changes in patients with localized PCa were
significantly greater than in men without PCa 5 years before diagnosis.
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Table 3 Percentage of men with different PSAV values stratified by initial PSA level (%)

PSAV range (ng mi~* year 1)

Initial PSA (ng mI~") <-0.75 —-0.75-0.5 -0.5-0.25 -0.25-0 0-0.25 0.25-0.5 0.5-0.75 >0.75
0-0.99 0.00 0.00 0.14 45.89 50.36 2.02 1.01 0.58
1-1.99 0.00 0.00 1.14 45.66 44.29 4.79 1.83 2.28
2-2.99 1.48 2.22 8.89 36.30 35.56 8.15 4.44 2.96
3-3.99 3.13 9.38 14.06 29.69 18.75 14.06 6.25 4.69
Total 0.30 0.68 2.03 44.06 45.34 4.14 1.88 1.58

Abbreviations: PSA, prostate-specific antigen; PSAV, PSA velocity.
P<0.001, compared with each initial PSA group.

The annual increase in PSA levels in patients with PCa was 3.5 ng ml™*
for every one gram of cancer tissue, which was 10-fold greater than in
patients with benign prostatic hyperplasia.® As a result of these studies,
PSAV has primarily been used to help detect PCa. If the PSA level is
between 4 and 10 ng ml™", an increase of >0.75 ng ml~' year™' is an
indication of a greater possibility of PCa. Even in men with a PSA level
<4 ng ml™', PSAV has some power to predict the risk of PCa.’
Additionally, PSAV is thought to be a clinically useful marker to either
predict the presence of highly aggressive PCa or improve the detection
rate of life-threatening PCa. From this point of view, PSAV may reduce
the most pressing problem of screening: the overdetection and over-
treatment of nonaggressive PCa.'®!!

Because of the variability of a single PSA test due to chance, PSAV
results from two serum PSA measurements obtained within a short
time interval may have significant bias. To correctly measure PSAV,
measuring at least three PSA values over a period of at least 18 months
is reccommended.'? In our study, the mean PSA test interval was nearly
12 months, and all the men had five test results, which may have
minimized this type of bias. The possibility of men having a PSAV
>0.75ngml~ " year” " increased with the initial PSA level: from 0.58%
in the 0-0.99 ng ml™* group to 4.69% in the 3-3.99 ng ml~* group.
However, we found no correlation between the mean PSAV and initial
PSA level in this population. Two similar studies based on the Korean
population have shown that the initial PSA level is correlated with
PSAV. However, one study demonstrated this correlation to be po-
sitive, but in the other, it was negaltive.l3’14 We do not know the reason
for this difference between these two studies. One possible explanation
for our results is that many factors can affect the PSA results and cause
fluctuation. In the present study, the greater the initial PSA increase,
the higher the PSA fluctuation. Therefore, PSAV had no correlation
with the initial PSA level.

We found that as the baseline PSA increased, the possibility of having
PSA levels >4 ng ml ™" increased. This PSA level is indicative of a higher
incidence of PCa; therefore, men with a comparatively higher normal
PSA level will have a greater risk of abnormal PSA in the future and may
need closer follow-up. Similar results were observed in a previous study
that evaluated the influence of baseline PSA on longitudinal PSA in black

and white patients.”® In that study, black and white men with a PSA
between 3.0 and 3.9 ng ml™" had a 44.7% and 51.6% chance, respec-
tively, of converting to PSA >4.0 ng ml™" in the following 4 years. The
percentage in our study was even higher. One potential reason for this
discrepancy may be ethnic differences.

Our study had similar findings as previous studies that have sug-
gested that annual PSA testing may be unnecessary for men with very
low (<1 ng ml™') baseline PSA levels.'®!” Some studies have sug-
gested that men with an initial PSA level <1 ng ml™' have a 99%
probability of PSA levels remaining normal (<4 ng ml~") for the next
4 or 5 years."” In our study, men with an initial PSA level <1 ng ml™"
had only a 1.88% chance of having PSA levels >4 ng ml~ ' and a 2.89%
chance of having PSA levels >3 ng ml™ ' in the next 4 years. A previous
study performed a population-based screening of Japanese men to
determine the optimal screening interval for men with PSA levels
<2.0 ng ml™.'® They found that men with baseline PSA levels
<1.0 ng ml™" were best suited to a rescreening interval of 4-5 years,
whereas annual rescreening was optimal for men with PSA levels
between 1.0 and 2.0 ng ml™ .

Because this was a retrospective study, we had no records of symp-
toms, prostate volume, or medication at the time of PSA testing. Thus,
the potential influence of prostatitis, benign prostatic hyperplasia, or
5a-reductase inhibitor treatment could not be distinguished. Another
limitation was that only 39.39% of cases with abnormal PSA levels
during the follow-up underwent biopsy. Therefore, the potential influ-
ence of PCa could not be ruled out. Additional large-scale prospective
studies, including biopsy data, are required to evaluate the incidence of
PCa and its relationship with PSAV in the Chinese population.

Based on our results, we conclude that in men with an initial PSA level
less than 4 ng ml ™!, the PSAV has no correlation with the initial PSA
level. However, as the initial PSA increases, the chance that men will have
an abnormal PSA or PSAV in the future increases. In men with very low
PSA levels (<1 ng ml™'), an annual PSA test may not be necessary
because they have a very low chance of having an abnormal PSA in
the next year. In the future, prospective studies with special attention
on potential influential factors, such as medication, prostatitis or PCa,
may lead to more precise results on PSA longitudinal change.

Table 4 Cumulative percentage of men converting to PSA >3.0 ng ml~* or PSA >4.0 ng ml~! by year stratified by initial PSA (%)

Converting to PSA >4.0 ng mi~*

Converting to PSA >3.0 ng mi~*

Initial PSA (ng mi~1) Year 2 Year 3 Year 4 Year 5 Year 2 Year 3 Year 4 Year 5
0-0.99 0.29 0.87 1.59 1.88 0.43 1.15 231 2.89
1-1.99 1.14 4.11 5.02 6.16 2.74 6.39 9.36 11.64
2-2.99 2.96 6.67 9.63 16.30 18.52 31.11 41.48 45,93
3-3.99 26.56 39.06 48.44 57.81 60.94 76.56 81.25 82.81
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviation: PSA, prostate-specific antigen.

@ Asian Journal of Andrology



@

PSA longitudinal study concerning correlation between initial PSA and PSA change

M Liu et al

486

AUTHOR CONTRIBUTIONS

ML designed and performed experiments, analysed data and wrote the
paper. JYW designed, supported and supervised the project. HXS and
LZ supervised the study. GW and XMW analysed the data and per-
formed the statistical study.

COMPETING FINANCIAL INTERESTS

All authors declare that there are no competing financial interests.

Carter HB, Pearson JD, Metter JE, Brant LJ, Chan DW et al. Longitudinal evaluation of
prostate-specific antigen levels in men with and without prostate disease. JAMA
1992; 267: 2215-20.

Berger AP, Deibl M, Steiner H, Bektic J, Pelzer A et al. Longitudinal PSA changes in
men with and without prostate cancer: assessment of prostate cancer risk. Prostate
2005; 64: 240-5.

Thanigasalam R, Mancuso P, Tsao K, Rashid P. Prostate-specific antigen velocity
(PSAV): a practical role for PSA? ANZ J Surg 2009; 79: 703-6.

Heidenreich A. Identification of high-risk prostate cancer: role of prostate-specific
antigen, PSA doubling time, and PSA velocity. Eur Urol 2008; 54: 976-9.

Carter, HB, Ferrucci, L, Kettermann A, Landis P, Wright EJ et al. Detection of life-
threatening prostate cancer with prostate-specific antigen velocity during a window of
curability. J Nat/ Cancer Inst 2006; 98: 1521-5.

Loeb S, Carter HB, Schaeffer EM, Kettermann A, Ferrucci L et al. Distribution of PSA
velocity by total PSA levels: data from the Baltimore Longitudinal Study of Aging.
Urology 2011; 77: 143-7.

Asian Journal of Andrology @

10

11

12

13

14

15

16

17

18

Berger AP, Deibl M, Strasak A, Bektic J, Pelzer AE et al. Large-scale study of clinical
impact of PSA velocity: long-term PSA kinetics as method of differentiating men with
from those without prostate cancer. Urology 2007; 69: 134-8.

Ito K, Yamamoto T, Ohi M, Kubota Y, Fukabori Y et al. Usefulness of prostate-specific
antigen velocity in screening for prostate cancer. Int J Uro/ 2002; 9: 316-21.
Mettlin C, Littrup PJ, Kane RA, Murphy GP, Lee F et al. Relative sensitivity and
specificity of serum prostate specific antigen (PSA) level compared with age-
referenced PSA, PSA density, and PSA change: data from the American Cancer
Society National Prostate Cancer Detection Project. Cancer 1994; 74: 1615-20.
Loeb S, Kettermann A, Ferrucci L, Landis P, Metter EJ et al. PSA doubling time and
PSA velocity to predict high-risk prostate cancer: data from the Baltimore Longitudinal
Study of Aging. Eur Urol 2008; 54: 1073-80.

D’Amico A, Chen MH, Roehl KA, Catalona WJ. Preoperative PSA velocity and the risk of
death from prostate cancer after radical prostatectomy. N Eng J of Med 2004; 351: 125-35.
Moul, JW, Sun L, Hotaling, JM, Fitzsimons NJ, Polascik TJ et al. Age adjusted prostate
specific antigen and prostate specific antigen velocity cut points in prostate cancer
screening. J Uro/ 2007; 177: 499-503.

Kim JG, Cho IR, Park SS. Prostate-specific antigen velocity in healthy men with initial
PSA levels of 4.0 ng/ml or less. Korean J Urol 2001; 37: 257-62.

Ham WS, Kang DR, Kim YS, Seong DH, Kim SJ et al. Prostate-specific antigen velocity in
healthy Korean men with initial PSA levels of 4.0 ng/mL or less. Urology 2008; 72: 99-103.
McGreevy K, Rodgers K, Lipsitz S, Bissada N, Hoel D. Impact of race and baseline PSA
on longitudinal PSA. Int J Cancer 2006; 118: 1773-6.

Hugosson J, Aus G, Lilja H, Lodding P, Pihl CG et al. Prostate specific antigen based
biennial screening is sufficient to detect almost all prostate cancers while still curable.
J Urol 2003; 169: 1720-3.

Ito K, Yamamoto K, Ohi M, Takechi H, Kurokawa K et al. Cumulative probability of PSA
increase above 4.0 ng/mL in population-based screening for prostate cancer. Int J
Cancer 2004; 109: 455-60.

Ito K, Yamamoto T, Suzuki K, Kurokawa K, Yamanaka H. The risk of rapid prostate
specific antigen increase in men with baseline prostate specific antigen 2.0 ng/ml or
less. J Urol 2004; 171: 656-60.



	Title
	Figure 1 Figure 1 Scattergram of individual PSAV according to initial PSA. PSA, prostate-specific antigen; PSAV, PSA velocity.
	Table  Table 2 Patients were separated into four groups according to initial PSA level
	Table  Table 4 Cumulative percentage of men converting to PSA &blk20;3.0&nbsp;ng ml
	References

