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Abstract
This study aimed to investigate the optimal screening interval of a prostate specific
antigen (PSA) screening program for men aged 40–70 with a baseline PSA<2 ng/mL in
China. 8-year period clinical data of Chinesemales who underwent physical examination
annually in our hospital were retrospectively collected. 397 healthy males were
included.Total PSA (tPSA) and free PSA (fPSA) were collected, and the free/total PSA
ratio (f/t PSA) was calculated. According to the baseline PSA value, study population
was divided into 2 groups: 0–0.99 ng/mL and 1–1.99 ng/mL. Prostate biopsy indicates at
tPSA>10 ng/mL, or 4–10 ng/mL (gray area) and f/t PSA<0.16. Kaplan-Meier survival
analysis was used to calculate the relevant cumulative incidence rate. Over the eight-year
screening period, 27 people (6.8%) had abnormal PSA that met prostate biopsy criteria.
7 cases of prostate cancer were detected (detection rate 25.9%) among the 27 patients
who performed a biopsy. In the 0–0.99 ng/mL and 1–1.99 ng/mL group, 4.1% (13/317)
and 17.5% (14/80) achieved biopsy criteria within 8 years, with a statistically significant
difference (p< 0.001). In both groups, abnormal PSA began appearing in the sixth year.
According to stratifying the cohort age and PSA, abnormal PSA levels began to appear
in all subgroups by the sixth year, except for men aged<50 years plus baseline PSA<1
ng/mL, where they appeared by the seventh year. Furthermore, in the group of baseline
40–49 years and baseline PSA <2 ng/mL, the probability of meeting biopsy indications
during eight years was very low (1.4%, 2/143). Chinese men aged 50–70 with baseline
PSA <2 ng/mL should undergo for PSA retest in the sixth year, while aged 40–49 with
a baseline PSA <2 ng/mL do not need PSA screening within eight years.
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1. Introduction

Prostate specific antigen (PSA) screening is proven to in-
crease prostate cancer detection and decrease mortality [1].
PSA screening has become popular in China over the past
20 years among middle-aged and elderly men. Despite its
advantages, PSA screening in China carries a huge social and
economic burden due to its large elderly population. Majority
of screening population has low baseline PSA. Studies show
that individuals with baseline PSA <1.0 ng/mL have a very
low incidence of prostate cancer within 4–7 years, less than 1%
[2]. Screen intervals for men with baseline PSA ≤1.0 ng/mL
were recommended as 8 years by the European Association of
Urology and 3 years by the Japanese Urological Association
[3, 4]. According to a recent study, men with baseline PSA
<0.4 ng/mL with a Gleason score ≥7 are not recommended
to undergo further examination because prostate cancer risk
is low [5]. Therefore, it is necessary to develop a reasonable

screening strategy that balances the advantages and disadvan-
tages, such as over detection and unnecessary biopsy. Screen-
ing strategy involves baseline age, PSA, screening interval,
and prostate biopsy indications.
This study retrospectively analyzed the 8-year screening

data of middle-aged and elderly men with baseline PSA <2
ng/mL, to explore the optimal screening interval for Chinese
men with low PSA.

2. Method

2.1 General information

We retrospectively collected clinical data from middle-aged
and elderly men who underwent physical examinations in our
hospital between January 2016 and December 2023 (an 8-year
period). The inclusion criteria included: baseline age 40–
70 years old; regular PSA checks; baseline PSA <2 ng/mL;
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non-prostate cancer patients; without prostate cancer family
history. Factors that may affect serum PSA were excluded:
acute prostatitis, indwelling catheters, and administration of
5α-reductase inhibitors for more than six months. 397 males
were included in the study. The interval between two PSA
screenings was exactly one year since all subjects were ex-
amined every fixed month of the year. The endpoint is 31
December 2023 or being diagnosed with prostate cancer.
Forearm venous blood samples were drawn from all sub-

jects and sent for immediate testing. With a fully automatic
chemiluminescence immunoassay analyzer (HealthDigit HD-
2001A, Shukang Biotechnology Limited Company, Shanghai,
China), tPSA and fPSA were measured by a protein chip
chemiluminescencemethod. The free/total PSA ratio (f/t PSA)
was calculated as fPSA/tPSA. According to the baseline PSA
value, study population was divided into two groups: 0–0.99
ng/mL and 1–1.99 ng/mL.
According to the Chinese Urological Association guideline

[6], indications for prostate biopsy include tPSA >10 ng/mL,
or 4–10 ng/mL (gray area) with f/t PSA <0.16. Prostate
biopsies were recommended to patients who met the criteria.
We performed a systematic 12 needle puncture biopsy guided
by transrectal ultrasound. In cases of suspicious nodules, 1 or
2 additional punctures were performed.

2.2 Statistical methods
Data analysis was performed using SPSS 17.0 (IBM SPSS,
Chicago, IL, USA). According to frequency analysis, age and
PSA did not follow a normal distribution, so median (range)
was used for representation. Kaplan Meier survival analy-
sis was used to calculate the cumulative incidence for each
PSA group. Log rank test was used to compare cumulative
incidence differences between groups. p < 0.05 (bilateral)
indicates statistically significant differences.

3. Results

Table 1 lists the descriptive parameters of 397 study subjects.
Over the eight-year screening period, 27 people (6.8%) had
abnormal PSA that met prostate biopsy criteria. 7 cases of
prostate cancer were detected (detection rate 25.9%) among
the 27 patients who performed a biopsy. The descriptive
parameters of the 27 biopsied males are shown in Table 2.
Kaplan Meier survival analysis evaluated the cumulative

incidence of meeting prostate biopsy indications in different
baseline PSA groups (Fig. 1). In the 0–0.99 ng/mL and 1–
1.99 ng/mL group, 4.1% (13/317) and 17.5% (14/80) achieved
biopsy criteria within 8 years. Both groups showed a statisti-
cally significant difference (χ2= 18.093, p < 0.001). In both
groups, abnormal PSA began appearing at the sixth year and
increased in the following years (Fig. 1). Table 3 further strat-
ifies the population by baseline PSA and age. All subgroups
of subjects who needed prostate biopsy appeared in the sixth
year. However, the subgroup with baseline age <50 years and
baseline PSA <1 ng/mL had abnormal PSA in the seventh
year. Furthermore, in subjects, only 2 males with baseline
age 40–49 years and baseline PSA<2 ng/mL required prostate
biopsy during eight years. Both were diagnosed with benign

TABLE 1. Clinical characteristics of study subjects.
Baseline PSA

0–0.99 ng/mL 1–1.99 ng/mL
n 317 80
Age (yr)

Median 52 56
P25, P75 47, 59 51, 68
Range 40–69 45–70

Baseline PSA (ng/mL)
Median 0.41 1.18
P25, P75 0.30, 0.59 1.06, 1.41
Range 0.04–0.98 1.00–1.98

PSA meeting biopsy
indications (n (%)) 13 (4.1%) 14 (17.5%)
Confirmed prostate
cancer (n (%)) 4 (1.3%) 3 (3.8%)
PSA: prostate specific antigen.

TABLE 2. Clinical characteristics of prostate biopsy
subjects.
Parameters

Age (yr)
Median 57
P25, P75 52, 63
Range 45–69

Baseline PSA (ng/mL)
Median 1.00
P25, P75 0.59, 1.38
Range 0.35–1.79

PSA at time of prostate biopsy (ng/mL)
Median 6.41
P25, P75 5.23, 9.20
Range 4.39–22.11

PSA: prostate specific antigen.

prostatic hyperplasia. Therefore, the probability of meeting
biopsy indications within eight years in 40–49-year-old males
was very low (1.4%, 2/143).

4. Discussion

Worldwide, PSA screenings are used to diagnose prostate
cancer. Based on a randomized multicenter clinical study
conducted in 2010, a 14-year systematic PSA screening can re-
duce the relative risk of prostate cancer (PC) mortality by 44%
[7]. In the European Cancer Screening Randomized Study
(ERSPC), the risk of prostate cancer mortality was reduced
21% over 11 and 13 years [8, 9]. However, controversy has
persistently surrounded PSA screening. Despite increasing
prostate cancer detection rates, PSA screening has also caused
a huge socioeconomic burden. Several large multicenter stud-
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FIGURE 1. Cumulative incidence of meeting prostate biopsy criteria in different baseline PSA groups. y: year.

TABLE 3. Cumulative incidence of each subgroup meeting prostate biopsy criteria stratified by baseline PSA and
baseline age.

Baseline PSA n Cumulative incidence of meeting prostate biopsy criteria (n (%))
2nd year 3rd year 4th year 5th year 6th year 7th year 8th year

0–0.99 ng/mL
40–49 yr 129 0 0 0 0 0 1 (0.8) 1 (0.8)
50–59 yr 113 0 0 0 0 2 (1.8) 6 (5.3) 7 (6.2)
60–70 yr 75 0 0 0 0 2 (2.7) 4 (5.3) 5 (6.7)

1–1.99 ng/mL
40–49 yr 14 0 0 0 0 1 (7.1) 1 (7.1) 1 (7.1)
50–59 yr 37 0 0 0 0 5 (13.5) 7 (18.9) 7 (18.9)
60–70 yr 29 0 0 0 0 4 (13.8) 5 (17.2) 6 (20.7)

PSA: prostate specific antigen.

ies indicate that PSA screening did not reduce prostate cancer
specific mortality or improve survival [10–12]. Furthermore,
the overdiagnosis caused by indiscriminate PSA screening
was gradually emphasized, and a large number of early-stage
tumors with Gleason score 6 were discovered [7], which had
little impact on patient survival. Low-risk prostate cancer
patients undergoing active surveillance have a 100% tumor
specific survival rate at 10 years [13, 14]. Specific populations,
however, still require PSA screening. For example, screening
can increase survival rates for individuals with a family history
of prostate cancer [15]. In addition, men with PSA >1 ng/mL
at 40 and>2 ng/mL at 60 have an increased risk of dying from
prostate cancer within 20 years. 1 death could be avoided for
every 6 confirmed cases of prostate cancer [16].
Baseline PSA was associated with prostate cancer incidence

and mortality. A European study showed that men with base-
line PSA <0.4 ng/mL are significantly less likely to develop
prostate cancer within 12 years than those with a baseline PSA
of 0.4–1.0 ng/mL [5]. A Japanese study reported a prostate
cancer risk of 0.35% within 14 years for men aged 55 to 69
with a baseline PSA <1 ng/mL [17]. Between 51 and 55, the
cumulative risk of 20-year prostate cancer death with baseline
PSA >2.4 ng/mL was 5.68%, whereas the cumulative risk
of death with PSA <0.85 ng/mL in the same age was only
0.47% [18]. Therefore, different baseline PSA populations
require different screening schemes. A multicenter clinical
study recommended that PSA screening should be performed
every two years in individuals with a family history or PSA>1
ng/mL at 40 years old, >2 ng/mL at 60 years, and reexamined
8–10 years later in low-risk populations [19]. The Japanese
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Urology Association recommends screening every 3 years for
men with baseline PSA <1.0 ng/mL, and screening annually
for men with PSA >1.0 ng/mL [4].
Chinese populations, however, might not be suited to the

above-mentioned screening programs. Among different races,
PSA varies. As shown in our previous study, Chinese men
in the same age have a lower normal PSA than Westerners
[20, 21]. On the other hand, prostate cancer incidence varied.
Amulticenter study in Europe showed that the detection rate of
prostate cancer with a PSA of 3.1–4 ng/mL and a negative rec-
tal digital examination was 26.9% [22], whereas in a Chinese
study of 365 patients [23], the prostate cancer incidence with
a PSA of 4–10 ng/mL (grey area) was 23.84%, significantly
lower than in Europe. It was therefore clinically necessary to
establish PSA screening plans for the Chinese population.
This study retrospectively analyzed 8-year PSA data from

397 Chinese men aged 40–70 with a baseline PSA <2 ng/mL.
The majority of the population undergoing a health exami-
nation falls within this range. It appears that baseline PSA
and cumulative risk of prostate biopsy is positively correlated.
An increased baseline PSA increases the risk of biopsy. Our
findings demonstrate that the 1–1.99 ng/mL group had a statis-
tically significant difference in cumulative incidence from the
0–0.99 ng/mL group. Further age stratification studies indicate
that all subgroups developed abnormal PSA requiring prostate
biopsy by the sixth year, except the 40–49 year with PSA
0.99 ng/mL subgroup, where biopsy occurred in the seventh
year. Due to the very low probability of 40–49-year-old
males with baseline PSA <2 ng/mL requiring prostate biopsy
within eight years, this group may not require PSA screening
within eight years. Our results are generally consistent with
the American Urology Association’s recommendation not to
screen individuals 40–54 without risk factors [1].
This study had several limitations. Study subjects were from

one single clinical center, which may not represent all Chinese
males with the same baseline age and PSA. In addition, we
lacked data of digital rectal examination. It was showed that
the incidence rate of prostate cancer only with positive rectal
digital examination (regardless of PSA value) is 18% [24].
During the baseline study, all subjects were not confirmed
to be non-cancerous. In addition to the small sample size,
there may have been selection bias in our study, which could
weaken the reliability of our research conclusions. Besides,
due to incomplete information on prostate cancer risk factors,
such as metabolic syndrome, smoking and drinking habits, it
was unable to exclude the impact of these risk factors on PSA
screening. Last, because some prostate biopsy patients had
incomplete Gleason scores, it was not possible to determine
the correlation between baseline PSA, age and cumulative risk
of clinically significant prostate cancer.

5. Conclusions

A baseline PSA <2 ng/mL should be retested at the sixth year
for 50–70-year-old males. Men aged 40–49 with a baseline
PSA<2 ng/mL do not need PSA screening within eight years.
With a PSA screening schedule, annual testing can be avoided,
reducing medical resources and household burdens.
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