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Currently, prostate cancer (PCa) poses a global risk to the well-being of males.
Over the past few years, the utilization of prostate-specific antigen (PSA) screening
has become prevalent in the identification and management of PCa, which has
promoted a large number of patients with advanced PCa to receive timely
treatment and reduce the mortality. Nevertheless, the utilization of PSA in PCa
screening has sparked debate, and certain research has validated the potential for
overdiagnosis and overtreatment associated with PSA screening. Hence, in order
to decrease the mortality rate of PCa patients and prevent unnecessary diagnosis
and treatment, it is crucial to carefully choose the suitable population and strategy
for PSA screening in PCa. In this systematic review, the clinical studies on PSA
screening for the diagnosis and treatment of PCa were thoroughly examined. The
review also delved into the effects and mechanisms of PSA screening on the
prognosis of PCa patients, examined the factors contributing to overdiagnosis and
overtreatment, and put forth strategies for optimization. The objective of this
research is to offer valuable recommendations regarding the utilization of PSA
screening for the detection and management of PCa.
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1 Introduction

At present, prostate cancer (PCa) ranks as the second leading factor for male cancer
fatalities. By the year 2020, it is estimated that there will be around 1.4 million fresh
instances and 375,000 fatalities globally. Furthermore, PCa stands as the prevailing form of
cancer among males in over half of the nations across the globe (1). The occurrence and
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mortality rates differ depending on the geographical area, where
African males face a high morbidity 26.6 age-standardized rate per
100 000 (ASR) and mortality 14.6 ASR, while Asian males face a
decreased morbidity 11.5 ASR and mortality 4.5 ASR (2). Over the
past few years, one study reported that PCa screening can reduce
the death rate of prostate cancer by 20% (3). Therefore, PSA
screening has made great progress in the diagnosis of PCa
because of its importance.

PCa screening is a medical diagnostic practice based on
prostate-specific antigen (PSA) testing. PSA is an enzyme
produced by the prostate that degrades a gelatinous semen
protein, thereby releasing motile sperm (4, 5). When prostate
epithelial cells are destroyed by tumors, large amounts of PSA are
released into the bloodstream (5). PSA levels are also elevated when
the prostate is inflamed, infected, or benign prostate hyperplasia
(6, 7) (Figure 1). As a result, Elevated PSA is not enough to make a
definitive diagnosis of prostate cancer (8). However, PSA can screen
out potential PCa patients from the population who need further
diagnosis (9). PSA testing is commonly used in middle-aged and
older men with lower urinary tract symptoms (LUTS) and in
asymptomatic men at risk for PCa (10). Patients with elevated
PSA often require prostate magnetic resonance imaging (MRI) and/
or prostate biopsy for further diagnosis (11).

The PSA testing was approved by the U.S. Food and Drug
Administration (FDA) in 1986 for the purpose of monitoring the
advancement of PCa. In 1994, the FDA approved PSA for PCa
screening in asymptomatic men. Consequently, there was a
significant increase in the prevalence of PCa during the 1980s and
1990s, primarily attributed to the extensive utilization of PSA

10.3389/fonc.2023.1320681

screening (12). PCa screening is aimed at asymptomatic men. The
significance of PCa screening is to decrease the death rate of PCa in
the screened population while maintaining the quality of life for
those being screened (13). The primary purpose of PCa screening is
to enhance the rate of identifying PCa and identifying PCa at an
early stage, particularly PCa that is clinically significant. Men who
are in good physical condition and have a life expectancy exceeding
10 years should undergo PSA-based PCa screening every two years,
constituting the current focus of the screening target population for
PCa. It is important to focus on PCa screening among high-risk
populations, which include males aged over 50, males aged over 45
with a familial background of PCa, and males aged over 45 with
BRCA2 gene mutations (14). This is particularly important for
developing population screening strategies for PCa.

While the mortality of PCa has been decreased by PSA
screening (3), research has indicated that 20 to 60 percent of
cancers identified through PSA testing are instances of
overdiagnosis (15, 16). The long-term fatal risk of PCa remains
very low, especially in developed countries (17, 18). Currently, there
exist notable variations in the prevalence and fatality rates of PCa
across nations. Approximately 81% of newly reported cases in the
United States are classified as clinically localized PCa, whereas the
percentage is only 33% in China. The remaining cases consist of
advanced or metastatic patients (19). The extensive PSA screening
in Europe and the United States is likely responsible for these
findings. The prevalence of PCa in the United States increased
significantly starting in the late 1980s due to the widespread
adoption of PSA-based screening (20). Consequently,
implementing PSA screening for high-risk populations in
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developing nations is a crucial approach for the early detection and
management of clinically significant PCa. In 2012, the US
Preventive Services Task Force (USPSTF) objected to PSA-based
PCa screening, stating that the drawbacks of screening outweigh the
advantages with reasonable confidence.This review presents a
comprehensive examination of researches on the utilization of
PSA screening for PCa. The discussion focused on the
importance of its value in diagnosing and treating PCa. Besides,
an examination was conducted on the factors contributing to the
excessive treatment of PCa. Related studies ultimately presented the
optimization plan for PSA screening in detecting PCa. The aim is to
provide valuable suggestions for the optimization of PCa
screening strategies.

2 Materials and methods

This systematic review adhered to the guidelines of the
preferred reporting items for systematic reviews (PRISMA). In
order to obtain randomized and non-randomized screening
studies on the utilization of PSA screening in PCa diagnosis, we
conducted searches in the most pertinent databases (PubMed and
Web of Science). Using the Boolean operator, we combined the
terms (PCa and PSA screening) OR (PCa screening and PSA). We

10.3389/fonc.2023.1320681

considered articles that were published in the English language
between July 2013 and July 2023.All of the published articles
included in this collection were clinical studies that reported on
the utilization of PSA screening for the diagnosis of PCa. Reviews,
retrospective and cross-sectional studies were not considered. Due
to the variation in age, screening techniques, and regional
disparities in PCa treatment among the participants in the study,
a meta-analysis was not conducted. Two reviewers evaluated the
quality of bias in all the studies included, using the Cochrane
risk bias assessment tool. The outcome indicators of PSA
screening were determined by utilizing clinical prognostic
indicators of patients.

3 Results
3.1 Literature search

PubMed and Web of Science yielded a total of 339 articles
through a comprehensive search. The retrieved literatures were then
screened, and reviews(276), retrospective studies and cross-
sectional studies (21) were excluded. In the end, a total of 21
pieces of literature were incorporated into the ultimate
examination (Figure 2).

sources(n=339)

Records identificated
from databases and web

Records screened
(n=339)

Reviews excluded
(n=276)

Records screened (n=63)

Retrospective and
cross-sectional studies
excluded (n=42)

review (n=21)

Studies included in the

FIGURE 2
The systematic review flow diagram of selected studies.
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3.2 Basic characteristics included people aged 45-85 years. All included studies were
conducted in Sweden, Finland, Netherlands, Spain, United States,
The studies included in this review were published between July ~ England, Germany, China, and some European countries. Three of
2013 and July 2023. Fifteen randomized screening trials and five  the studies included more than 100,000 people, five more than

non-randomized screening trials were included. All studies 50,000 people, and 16 more than 10,000 people (Table 1).

TABLE 1 Study characteristics.

Age/ranges of

Published
References time Type of Study . ages.
Patients (years)
A. Grenabo Bergdahl 2013 Randomized Sweden 19952012 13,423 patients 50 ~ 65
et al. (22) Screening Trial AP
T. P. Kilpeldinen Randomized
2013 Finland 1996-2010 80,144 patient: 55 ~ 67
et al. (23) Screening Trial an patients
Randomized City of
M. J. Roobol et al. (24 2013 1993-2010 42,376 patient: 54 ~ 74
J- Roobol et al. (24) Screening Trial Rotterdam, Netherlands patients
Randomized City of
L. P. Bokhorst et al. (25 2014 1993-2010 34,833 patient: 55 ~ 69
okhorst et al. (25) Screening Trial Rotterdam, Netherlands patients
. Randomized . .
M. Lujan et al. (26) 2014 andomizec Spanish 19982013 | 4276 patients 45~ 70
Screening Trial
Non-randomized
A.J. Vickers et al. (16) 2014 on-randomize United States 1987-2013 2,774 patients 45~ 85
Screening Trial
R. Arnsrud Godtman Randomized X
2015 . . Sweden 1995-2012 20,000 patients 67 ~71
et al. (27) Screening Trial
X Randomized 162,338
C. Buzzoni et al. (28) 2015 K i Europe 1998-2014 K 60.2
Screening Trial patients
E. A. Heijnsdijk Non-randomized .
2015 . . Sweden 1995-2012 46,000 patients 55~ 69
et al. (29) Screening Trial
Randomized
M. Lujan et al. (30) 2015 andomizec Spanish 1998-2014 4,276 patients 45~ 70
Screening Trial
Non-randomized
S. Carlsson et al. (31) 2017 on-randomize Sweden 1995-2012 7,539 patients 50 ~ 55
Screening Trial
Randomized
J. Hugosson et al. (32) 2018 andomizee Sweden 19952012 | 20,000 patients 50 ~ 64
Screening Trial
Randomized
R. M. Martin et al. (33) 2018 andomized England 2001-2016 | 419,582patients 50 ~ 69
Screening Trial
Non-randomized 182,160
J. Hugosson et al. (34) 2019 on-randomize Europe 1998-2014 ‘ 55 ~ 69
Screening Trial patients
M. Lujan Galan Randomized X i
2020 . . Spanish 1998-2019 4,276 patients 45~ 70
et al. (35) Screening Trial
Randomized
K. Talala et al. (36) 2020 andomized Finland 19962020 80,458 patients 55 ~ 67
Screening Trial
Non-randomized
7. Zhang (37). 2021 on-randomize Chain 20192021 | 13,726 patients 50-80
Screening Trial
Randomized
T. Pakarainen et al. (38) 2021 andomizec Finland 19962015 | 31,867 patients 55 ~ 67
Screening Trial
Randomized
S. D. Walter et al. (12) 2021 ancomizec Finland 19962015 | 80,458 patients 55 ~ 67
Screening Trial
Non-randomized
C. Arsov et al. (39) 2021 on-randomize Germany 20142019 | 46,642 patients 45 ~ 50
Screening Trial
Randomized
M. Franlund et al. (40) 2022 andomizec Sweden 1994-2016 | 20,000 patients 69
Screening Trial
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3.3 Main findings

3.3.1 Impact of PSA screening on prognosis of
patients with PCa

The controversy surrounding the improvement of outcomes for
men with PCa through screening persists, as the potential negative
effects of excessive testing and unnecessary treatment may surpass
the advantages in terms of potential mortality or quality of life (40).
Over the past few years, numerous clinical studies have been carried
out by researchers, the majority of which have discovered that
screening for PCa can greatly decrease patient mortality.
Additionally, PSA screening has been found to lower the
occurrence of PCa metastasis, and early treatment can be initiated
through screening cases (24, 25, 28, 32, 34, 40, 41). Nevertheless,
certain studies that have conducted extensive monitoring over a
prolonged period have discovered that PSA screening does not
provide any advantage in terms of survival (23, 26, 30, 33, 35, 36)
(Table 2). This is primarily attributed to a decrease in long-term
mortality caused by PCa. Therefore, it is particularly important to
explore the influencing factors of PSA screening on the prognosis of
PCa patients for optimizing PCa screening.

The European Randomized Study of PCa Screening (ERSPC),
the largest current study of randomized screening for PCa, found
that PSA screening resulted in a significant reduction in PCa
mortality after 9 and 11 years of follow-up (21). Due to the
variation in the occurrence of PCa across different regions, the
treatment methods for it also exhibit substantial differences among
these regions. Therefore, the researchers also used the above data to
carry out research analysis in each region. J. Hugosson et al. (34)
used data from eight European countries in the ERSPC trial to
determine whether PSA screening reduces PCa mortality up to 16
years. The results of the study that included 182,160 men confirmed
that early PSA screening significantly reduced PCa mortality, and
the absolute benefit was greater with longer follow-up. This study
also confirms that repeated screening may be important in reducing
PCa mortality in the population. M. J. Roobol et al. (24) evaluated
PCa-specific mortality data from the Rotterdam portion of the
ERSPC trial. 42,376 men aged 54 to 74 years were randomly
assigned to screening and control groups at a frequency of 1
screening every 4 years. After a median follow-up of 12.8 years,
PSA-based systematic screening reduced prostate-specific mortality
by 32% in the 55-69 year age range. Besides, in order to explore the
effects of PCa screening on different age stages, Okhorst et al. (25)
used part of the Rotterdam data(34,833 men aged 55-69 years) from
the ERSPC trial to explore the impact of PCa screening on
mortality. The primary endpoint was PCa specific mortality. The
results of the study found that PCa screening at the Rotterdam
section of the ERSPC reduced the risk of PCa death by 51%
compared to men who were not screened for PCa. In addition, J.
Hugosson et al. (32) randomly assigned 20,000 men aged 50-64
years from the Goteborg population Registry to receive PSA
screening and controls. Men in the screening group were invited
to undergo PSA testing every two years until the median age of 69.
The study followed for 18 years and found that systematic PSA
screening showed a greater PCa mortality benefit among men who
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TABLE 2 Summary of relevant studies on the application of screening to

the treatment of localized PCa.

Follow-

References .
up time

A. Grenabo
Bergdahl
et al. (22)

12 years

T.P.
Kilpeldinen
et al. (23)

12 years

M. J. Roobol

10
et al. (24) years

L. P. Bokhorst

et al. (25) 13 years

M. Lujan

15.2
et al. (26) years

A.]. Vickers

25
etal. (16) years

R. Arnsrud
Godtman
et al. (27)

18 years

C. Buzzoni

13.0
etal. (28) years

Objective

The objective was to
investigate the risk
of PCa in a
population after
discontinuation of
PSA screening

The study evaluated
PCa-specific
mortality in a
Finnish PSA
screening
population.

This study primarily
assessed PCa-
specific mortality in
the Rotterdam
portion of the
ERSPC trial.

This study
examined the
reduction in PCa
mortality following
PSA screening.

This study presents
the long-term
follow-up results of
PCa screening trials
conducted in the
Mediterranean
region.

The aim of the
study was to assess
the impact of age
and baseline PSA on
overdiagnosis of
PSA screening.

The aim of this
study was to
compare the ability
of organized and
opportunistic
screening to reduce
mortality and the
risk of overdiagnosis
in PCa.

The study evaluated
the potential impact

Main findings

Nine years after PSA
screening stopped,
the incidence of
potentially fatal
cancers was
comparable to that of
men who had not
been screened.

Twelve years of PSA
screening resulted in
a small reduction in
PCa-specific
mortality, but the
difference was not
statistically
significant compared
with the control
group, and the cost
was

moderate
overdiagnosis.

PSA screening
reduced prostate-
specific mortality by
32% in the 55-69
year age range.

PSA screening
reduced the risk of
death from PCa by
51 percent compared
to men who did not
undergo

PSA screening.

This study was not
able to demonstrate a
benefit of PSA
screening in PCa-
specific mortality.

Overdiagnosis of PCa
is strongly correlated
with age and

PSA levels.

Organized PSA
screening reduces
PCa mortality but is
associated with
overdiagnosis.
Opportunistic PSA
screening does not
reduce mortality
from PCa and also
leads

to overdiagnosis.

Patients in the
screening group were

(Continued)

frontiersin.org


https://doi.org/10.3389/fonc.2023.1320681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

TABLE 2 Continued

Follow-
up time

References

Objective

Main findings

TABLE 2 Continued

10.3389/fonc.2023.1320681

Objective

Main findings

E. A. Heijnsdijk

et al. (29)
M. Lujan 15.8 vears
etal. (30) © year
S. Carlsson 17
etal. (31) years
J. Hugosson
1
et al. (32) 8 years
R. M. Martin 10 vears
etal. (33) ¥
J. Hugosson
et al. (34) 16 years
M. Lujan Galan
15 years

et al. (35)

of PSA screening on
PCa mortality.

This study explores
optimizing PSA
screening strategies
in terms of reducing
mortality,
overdiagnosis and
costs, and
improving quality
of life.

The purpose of the
study was to prove
whether PSA
screening reduced
PCa mortality.

The objective of this
study was to
evaluate the effect of
PSA screening on
PCa mortality when
PSA screening was
started at age 50 to
54 years.

This study
examined whether
PSA screening could
reduce PCa
mortality over 18
years of follow-up.

This study evaluated
the impact of PSA
screening and
standardized
diagnostic
approaches on PCa
-specific mortality.

The study
investigated whether
PSA screening could
reduce PCa
mortality for up to
16 years.

The aim of the
study was to assess
whether PCa
screening improves

diagnosed with
significantly less
metastatic PCa.

PSA screening is
cost-effective for
people aged 55 to 59
years, while PSA
screening is less cost-
effective for people
aged 63 years

and older.

PCa screening can
shift the diagnosis to
an earlier stage.
However, a benefit in
terms of overall
survival or cancer-
specific survival has
not

been demonstrated.

PSA screening
reduces PCa
mortality in men
aged 50-54.

PSA screening
reduces PCa
mortality and may
reduce
sociodemographic
inequalities in
PCa mortality.

There was no
significant difference
in PCa mortality
between the two
groups after a
median follow-up of
10 years, but the
detection of low-risk
PCa cases increased
in the PSA
screening group.

Early PSA screening
significantly reduces
PCa mortality, and
repeated screening
may be of great
significance in
reducing PCa
mortality in

the population.

This study did not
find a benefit of PSA
screening in terms of
overall survival and
cancer-specific

Frontiers in Oncology
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cancer-
specific survival.

survival for
PCa patients.

Follow-
References .
up time
K. Talala 15 vears
et al. (36) ¥
Z. Zhang (37). —
T. Pakarainen 7
etal. (38) years
S. D. Walter 186
etal. (12) O years
C. Arsov
et al. (39) -
M. Franlund
22
et al. (40) years

The study explored
the effects of PSA
screening on general
and disease-specific
health-related
quality of life
(HRQOL) in men
with PCa.

This study was
designed to evaluate
the economics of
early PSA screening
for high-risk
prostate cancer.

This study
investigated the
effects of PSA
screening on the
incidence of PCa in
different

risk groups.

The aim of this
study was to
estimate the
overdiagnosis rate
of PSA screening.

This study
established the
effectiveness of risk-
adaptive

PSA screening.

The study examined
the impact of PSA
screening on

PCa mortality.

At 15 years of
follow-up, there were
no significant
differences in health-
related quality of life
between the PCa
screening and
control groups.

Compared to not
screening, early
prostate cancer
screenings are more
cost-effective for
high-risk patients.

Screening for more
than 2 cycles reduces
the risk of advanced
PCa, and this study
highlights that
repeated screening is
necessary to realize
screening benefits.

This study confirms
that there is some
overdiagnosis of PSA
screening, but the
extent is uncertain.

The prevalence of
aggressive PCa
screened for 45-year-
old men is low.

PSA screening can
significantly reduce
the mortality of PCa.

began screening at ages 55-59. Recently, M. Franlund et al. (40)
analyzed the results of the 22-year follow-up of the Goteborg

Randomized PCa screening trial. The results showed that the 22-

year cumulative PCa mortality was 1.55% in the experimental group

and 2.13% in the control group. These studies suggest that PSA-

based screening can significantly reduce PCa mortality.

The researchers also attempted to explore the specific

mechanisms by which PSA screening leads to reduced mortality

in patients. C. Buzzoni et al. (28) evaluated the incidence of PCa in

study groups according to the risk category at diagnosis to assess the
potential impact on PCa mortality. Information on patient groups,

centers, T and M stages, Gleason scores, serum PSA at diagnosis,

age at randomization, duration of follow-up, and survival status

were extracted from the ERSPC database. The results confirmed

that in the screening group, the metastatic disease at diagnosis

reduced markedly. The results of this study suggest that the

reduction in metastatic disease during PSA screening is a major

determinant of the reduction in PCa mortality. In addition, S.
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Neupane et al. (41) identified prognostic factors for patients dying
from PCa in the Finnish PCa screening trial. The 15-year survival
rate was significantly lower in the control group than in the
screening group. The study showed that PSA screening led to
earlier treatment of cases in the screening group.

However, other similar studies have not found a benefit from
PSA screening in reducing mortality in men with PCa. M. Lujan
et al. (26) reported the long-term results of a PCa screening trial
conducted in the Mediterranean region. A total of 4,276 men aged
45 to 70 years were randomly assigned to screening and control
groups. After 15 years of follow-up, the study failed to demonstrate
a benefit of PCa screening in terms of all-cause and PCa-specific
mortality. M. Lujan et al. (30) also studied all-cause mortality and
cancer-specific mortality in the Spanish branch of the ERSPC study.
A total of 18,612 men aged 45 to 70 years were randomly assigned to
the screening or control group for a median follow-up of 15.8 years.
The study found no difference in cancer-specific mortality between
the two groups. The lower long-term PCa mortality rates found in
the above study may be the most important factor contributing to
these results. Subsequently, M. Lujan Galan et al. (35) provided the
latest results of the ERSPC Spanish Research Center follow-up after
21 years. No benefit of PCa screening in terms of overall survival or
cancer-specific survival was found in the Spanish study portion of
the 21-year follow-up. Similarly, R. M. Martin et al. (33) evaluated
the effect of a single PSA screening intervention and standardized
diagnostic pathways on PCa specific mortality. The Cluster
Randomized Trial of PSA Testing for PCa enrolled 419 582 men
aged 50 to 69 years. In clinical practices randomized to receive a
single PSA screening intervention, there was no significant
difference in PCa mortality after a median follow-up of 10 years
compared to standard practice without screening. T. P. Kilpelainen
et al. (23) evaluated mortality outcomes from the Finnish PCa
screening trial, the largest component of the ERSPC. The results
found that a relatively conservative screening regimen resulted in a
small but not statistically significant reduction in PCa-specific
mortality at 12 years, at the cost of moderate overdiagnosis.
Furthermore, K.Talala et al. (36) compared general health-related
quality of life (HRQOL) and disease-specific HRQOL in PCa
patients with up to 15 years of follow-up in the Finnish
population-based Randomized Study of PCa Screening. At 5 to 15
years of follow-up, there were no significant differences in health-
related quality of life between the PCa screening and control groups.

3.3.2 PSA screening and overdiagnosis of PCa
Studies have shown that organized screening reduces PCa
mortality, but the effects of opportunistic screening have been
largely unknown. R. Arnsrud Godtman et al. (27) compared the
ability of organized and opportunistic screening to reduce PCa
mortality and the risk of overdiagnosis. The Goteborg Screening
study has randomly selected 10,000 men since 1995 for a PSA test
every 2 years and recommends prostate biopsies for men with
PSA>2.5 ng/ml. The study found that organized screening reduced
PCa mortality, but was associated with overdiagnosis.
Opportunistic PSA testing had little impact on PCa mortality and
led to more overdiagnosis. Besides, S. D. Walter et al. (12) estimated
overdiagnosis rates using Finnish data from the ERSPC trial. The
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study defined the overdiagnosis rate as the relative excess
cumulative incidence in the screening group at this time. Studies
have shown some overdiagnosis in screening, but the extent is
uncertain. In addition, a study from China suggests that early
screening is more cost-effective than no screening for high-risk
prostate cancer patients (37). Therefore, promoting early screening
for high-risk prostate cancer patients is also a valuable strategy.

PCa screening relies on a careful balance of benefits in reducing
PCa mortality and harms in terms of overdiagnosis and overtreatment.
A. J. Vickers et al. (16) evaluated the impact of limiting PSA testing
based on age and baseline PSA on overdiagnosis. Two independent
cohorts (1,577 and 1,197 participants, respectively) were included in
the PSA screening group, with a Swiss cohort that had not received
PSA screening serving as a control group, and the included cohorts
were followed for 25 years. Studies have found that overdiagnosis of
PCa is closely related to age and PSA level. Limiting screening of men
older than 60 to those with PSA above the median (>1 ng/ml) would
critically reduce overdiagnosis. These studies suggest that in order to
avoid overdiagnosis, PSA screening strategies need to be optimized,
and screening populations need to be selected for appropriate age
stages and PSA levels.

3.3.3 Optimization of PSA screening strategy

Most of the available findings show a significant reduction in
PCa mortality among men screened in the intervention group.
Nevertheless, there are also studies that suggest it can lead to
problems such as overdiagnosis. Therefore, it is necessary to
optimize PSA screening strategies through existing studies in
order to reduce PCa-specific mortality, overdiagnosis and cost,
and improve the quality of life of patients.

The optimization of PSA screening strategy first needs to
optimize the screening population. E. A. Heijnsdijk et al. (29)
used a microsimulation model based on data from the ERSPC
trial to predict the cost-effectiveness of various screening strategies
starting at age 55 with a PSA threshold of 3. The study found that 2
to 3 PCa screenings in the 55-59 age group were cost-effective. Due
to the loss of quality-adjusted life-years (QALYs) due to
overdiagnosis, screening is less cost-effective in people older than
63 years. Similarly, A. Grenabo Bergdahl et al. (22) explored the risk
of PCa after stopping screening. The study included 20,000 men
with an average age of 69 years in the Goteborg area of Sweden who
underwent PSA randomized screening. The sthdy found that nine
years after PSA testing stopped, the incidence of potentially fatal
cancers was comparable to that of men who had not been screened.
This study reaffirms that PSA screening can be stopped in patients
over 70 years of age. Besides, the researchers explored the
appropriate age for PSA screening. S. Carlsson et al. (31)
evaluated the effect of PSA screening initiated at ages 50 to 54 on
PCa mortality. The study found that PSA screening for PCa reduces
PCa mortality in men aged 50-54 years, which is comparable to the
results of a previously reported randomized study of PCa screening
in men aged 55-69 years in Europe in a similar follow-up.
Guidelines may consider whether PSA screening guidelines
recommend starting screening no later than age 50-54. A
randomized trial (PROBASE) conducted by C. Arsov et al. (39)
recruited 46 642 men aged 45 years to determine the efficacy of risk-
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adapted PSA screening starting at age 45 or 50 years. The prevalence
of screen-detected aggressive PCa was very low among men aged 45
years. Therefore, PSA screening is recommended to start after 50
years old. At present, there is no accepted initial age for
PCa screening.

Furthermore, the selection of the optimal PSA screening
frequency is also particularly important for PCa screening. T.
Pakarainen et al. (38) explored the effects of participation in
screening on the incidence of PCa in different risk groups.
Participants in the Finnish trial screening group (31,867 men)
were classified based on screening frequency. The results showed
that the incidence of low risk PCa increased with the number of
screening times, while the incidence of intermediate and high risk
PCa was not significantly associated with the number of screening
times. Single screening shows no benefit in PCa incidence, and
repeated screening is necessary to realize the screening advantage.
E. Kovac et al. (18) assessed the long-term risk of any PCa and
clinically significant PCa in men aged 55-60 years based on baseline
PSA levels. The results found that baseline PSA levels in men aged
55 to 60 years were associated with a long-term risk of clinically
significant PCa. These findings suggest that the frequency of repeat
screening can be reduced in men aged 55-60 years with low baseline
PSA levels (less than 2.00 ng/mL), and screening may be
discontinued in men with baseline PSA levels below 1.00 ng/mL.
To optimize the frequency of PSA screening, R. Landy et al. (42)
assessed the 5 -, 10 -, and 15-year risks of invasive cancer and PCa-
related death among men with baseline PSA levels of 0.5 ng per
milliliter or less, 1 ng per milliliter or less, and 1.01 to 2.5 ng per

10.3389/fonc.2023.1320681

milliliter. The study found that for 45% of men with PSA < 1 ng/mL,
a 5-year screening interval may be appropriate. Men 265 years of
age with PSA < 0.5 ng/mL may consider stopping screening.

3.4 Assessment for the risk of bias

In the methodological assessment of the quality of the included
literatures (Figure 3), 16 of them were at moderate risk of bias, and
the quality was relatively high due to the large number of included
study populations. In Figure 3A, those that meet the standard are
“+” and those that fail to meet the standard are “-”. Figure 3B is a
statistical chart of the proportion of each item in the
methodological assessment.

4 Discussion

According to the 2001 updated guidelines from the American
Cancer Society, there is still uncertainty regarding the overall
effectiveness of PSA screening in reducing the likelihood of death
from PCa. Numerous clinical trials investigating PSA screening
have consistently demonstrated a decrease in mortality associated
with PCa (24, 25, 28, 32, 34, 40, 41). Additional research revealed
that the decline in the spread of cancer to other parts of the body as
a result of PSA screening was the primary factor in the decrease of
mortality caused by PCa. Moreover, PSA screening facilitated
prompt intervention for individuals in the screening group.
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Nevertheless, certain randomized experiments have failed to
demonstrate a survival advantage of PSA screening in males
diagnosed with PCa (26, 30, 35, 43). With the rapid development
of PCa treatment modalities, the long-term reduction of PCa
mortality will weaken the impact of PSA screening on patient
mortality, which may be the reason for the different results of
PSA screening related studies.

Hence, the utilization of PSA screening for PCa is a subject of
debate. PSA screening can effectively decrease patient-specific
mortality in the diagnosis and treatment of PCa. However, some
scholars argue that it may also increase the risk of overdiagnosis and
overtreatment due to PCa’s slow-growing nature. Due to its
comparatively sluggish progress, PSA screening is capable of
identifying certain cancers that may otherwise go undetected
during a man’s lifetime (44). However, it is important to note
that diagnosing these abnormalities through screening does not
effectively decrease mortality rates. The reason for this excessive
diagnosis could be the existence of tumor slow-developing or
inactive growths that can stay without symptoms for numerous
years. Harmful consequences may arise as a result of screening in
such instances. In addition, the above situation may also be due to
regional differences, such as differences in the overall follow-up
results of ERSPC study data and follow-up results in different
regions (21, 24, 30, 34, 35). After all, the present therapeutic
techniques for PCa are progressing swiftly, and the influence of
varying degrees of treatment on the particular fatality rate of
examined individuals is substantial.

Numerous studies have verified that the screening of PSA can
enhance patients’ prognosis and decrease mortality rates. However,
large-scale PSA screening not only leads to overtreatment but also
imposes a certain economic burden on social health care. To address
this issue, it is necessary to enhance the effectiveness of PSA
screening strategies. Research has indicated that PSA testing for
PCa can decrease PCa death rates in males between the ages of 50
and 54, and it is advised to initiate PSA screening by the age of 50 to
54. For patients at high risk of PCa, the age of screening should be
appropriately reduced. Given that the predictive advantage of PSA
screening for PCa diminishes in males above the age of 70, it is
recommended to discontinue PSA screening in individuals aged 70
and above. Individuals between the ages of 55 and 59 should undergo
two or three screenings for PCa. The incidence of PCa does not
benefit from a single screening, and to achieve the advantage of
screening, it is necessary to undergo repeated screenings.
Furthermore, men with a PSA level of <1 ng/mL may find a 5-
year screening interval suitable, and for men aged =65 with a PSA
level of <0.5 ng/mL, the option of discontinuing screening could be
contemplated. Furthermore, screening can be less frequent for men
aged 55-60 years with a baseline PSA level below 2.00 ng/mL.

This study also has limitations, as most of the included studies had
a risk of bias score of moderate risk of bias. In addition, a part of the
included studies analyzed the data of multi-center studies in different
regions or with different follow-up times, resulting in heterogeneity
such as regional differences and different follow-up times in the
included studies, so no Meta-analysis was performed. However, the
population size of the selected studies is large, so the conclusions
obtained through comprehensive analysis are also reliable.
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5 Conclusions

To summarize, the aforementioned studies indicate that PSA
screening is effective in reducing mortality specifically related to
PCa. The overdiagnosis and overtreatment of PCa occur because of
the low long-term specific mortality of PCa, which is due to the
inert nature of PCa and advancements in comprehensive treatment
technology. Hence, it is crucial to enhance the suitability of PSA
screening for specific age groups, modify the screening frequency,
and determine the optimal PSA levels. This will aid in the
development of a personalized screening program, thereby
enhancing the effectiveness of PSA screening in diagnosing PCa.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

ZZ: Conceptualization, Data curation, Writing — original draft,
Writing - review & editing. AT: Conceptualization, Investigation,
Methodology, Writing — review & editing. JC: Data curation, Formal
analysis, Investigation, Methodology, Validation, Writing — review &
editing. YM: Data curation, Investigation, Methodology, Writing —
review & editing. YuL: Data curation, Formal analysis, Investigation,
Writing - review & editing. YaL: Data curation, Methodology,
Writing - review & editing. YX: Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This research
was funded by Shandong Province Medical and Health Science and
Technology Development Plan Project (NO. 202304051613) and
Science and Technology Program of Yantai Affiliated Hospital of
Binzhou Medical University (NO. YTFY2024KYQDO1).

Acknowledgments
We would like to thank all the authors involved in writing this

review and the Yantai Affiliated Hospital of Binzhou Medical
College for facilitating the publication of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1320681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49. doi: 10.3322/
caac.21660

2. Culp MB, Soerjomataram I, Efstathiou JA, Bray F, Jemal A. Recent global patterns
in prostate cancer incidence and mortality rates. Eur Urol (2020) 77(1):38-52.
doi: 10.1016/j.eururo.2019.08.005

3. Schréder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al.
Screening and prostate-cancer mortality in a randomized European study. N Engl ] Med
(2009) 360(13):1320-8. doi: 10.1056/NEJMo0a0810084

4. Lilja H. A kallikrein-like serine protease in prostatic fluid cleaves the predominant
seminal vesicle protein. J Clin Invest (1985) 76(5):1899-903. doi: 10.1172/jci112185

5. Lilja H, Ulmert D, Vickers AJ. Prostate-specific antigen and prostate cancer:
prediction, detection and monitoring. Nat Rev Cancer (2008) 8(4):268-78.
doi: 10.1038/nrc2351

6. Pinsky PF, Kramer BS, Crawford ED, Grubb RL, Urban DA, Andriole GL, et al.
Prostate volume and prostate-specific antigen levels in men enrolled in a large
screening trial. Urology (2006) 68(2):352-6. doi: 10.1016/j.urology.2006.02.026

7. Lee SE, Chung JS, Han BK, Moon KH, Hwang SI, Lee HJ, et al. Relationship of
prostate-specific antigen and prostate volume in Korean men with biopsy-proven
benign prostatic hyperplasia. Urology (2008) 71(3):395-8. doi: 10.1016/j.urology.
2007.10.019

8. Harrison S, Tilling K, Turner EL, Martin RM, Lennon R, Lane JA, et al. Systematic
review and meta-analysis of the associations between body mass index, prostate cancer,
advanced prostate cancer, and prostate-specific antigen. Cancer Causes Control (2020)
31(5):431-49. doi: 10.1007/s10552-020-01291-3

9. Young GJ, Harrison S, Turner EL, Walsh EI, Oliver SE, Ben-Shlomo Y, et al.
Prostate-specific antigen (PSA) testing of men in UK general practice: a 10-year
longitudinal cohort study. BMJ Open (2017) 7(10):e017729. doi: 10.1136/bmjopen-
2017-017729

10. Grossman DC, Curry SJ, Owens DK, Bibbins-Domingo K, Caughey AB,
Davidson KW, et al. Screening for prostate cancer: US preventive services task force
recommendation statement. Jama (2018) 319(18):1901-13. doi: 10.1001/
jama.2018.3710

11. Merriel SWD, Pocock L, Gilbert E, Creavin S, Walter FM, Spencer A, et al.
Systematic review and meta-analysis of the diagnostic accuracy of prostate-specific
antigen (PSA) for the detection of prostate cancer in symptomatic patients. BMC Med
(2022) 20(1):54. doi: 10.1186/s12916-021-02230-y

12. Walter SD, Hu J, Talala K, Tammela T, Taari K, Auvinen A. Estimating the rate
of overdiagnosis with prostate cancer screening: evidence from the Finnish component
of the European Randomized Study of Screening for Prostate Cancer. Cancer Causes
Control (2021) 32(11):1299-313. doi: 10.1007/s10552-021-01480-8

13. Fleshner K, Carlsson SV, Roobol MJ. The effect of the USPSTF PSA screening
recommendation on prostate cancer incidence patterns in the USA. Nat Rev Urol
(2017) 14(1):26-37. doi: 10.1038/nrurol.2016.251

14. Giri VN, Knudsen KE, Kelly WK, Cheng HH, Cooney KA, Cookson MS, et al.
Implementation of germline testing for prostate cancer: philadelphia prostate cancer
consensus conference 2019. J Clin Oncol (2020) 38(24):2798-811. doi: 10.1200/
j€0.20.00046

15. Telesca D, Etzioni R, Gulati R. Estimating lead time and overdiagnosis associated
with PSA screening from prostate cancer incidence trends. Biometrics (2008) 64(1):10—
9. doi: 10.1111/§.1541-0420.2007.00825.x

16. Vickers AJ, Sjoberg DD, Ulmert D, Vertosick E, Roobol MJ, Thompson 1, et al.
Empirical estimates of prostate cancer overdiagnosis by age and prostate-specific
antigen. BMC Med (2014) 12:26. doi: 10.1186/1741-7015-12-26

17. Vickers AJ, Ulmert D, Sjoberg DD, Bennette CJ, Bjork T, Gerdtsson A, et al.
Strategy for detection of prostate cancer based on relation between prostate specific
antigen at age 40-55 and long term risk of metastasis: case-control study. Bmj (2013)
346:£2023. doi: 10.1136/bm;j.f2023

18. Kovac E, Carlsson SV, Lilja H, Hugosson ], Kattan MW, Holmberg E, et al.
Association of baseline prostate-specific antigen level with long-term diagnosis of
clinically significant prostate cancer among patients aged 55 to 60 years: A secondary
analysis of a cohort in the prostate, lung, colorectal, and ovarian (PLCO) cancer screening
trial. JAMA Netw Open (2020) 3(1):e1919284. doi: 10.1001/jamanetworkopen.2019.19284

19. Ye D, Zhu Y. [Epidemiology of prostate cancer in China: an overview and
clinical implication]. Zhonghua Wai Ke Za Zhi (2015) 53(4):249-52.

Frontiers in Oncology

10

10.3389/fonc.2023.1320681

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

20. Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment after the
introduction of prostate-specific antigen screening: 1986-2005. ] Natl Cancer Inst
(2009) 101(19):1325-9. doi: 10.1093/jnci/djp278

21. Schréder FH, Hugosson J, Roobol MJ, Tammela TL, Zappa M, Nelen V, et al.
Screening and prostate cancer mortality: results of the European Randomised Study of
Screening for Prostate Cancer (ERSPC) at 13 years of follow-up. Lancet (2014) 384
(9959):2027-35. doi: 10.1016/s0140-6736(14)60525-0

22. Grenabo Bergdahl A, Holmberg E, Moss S, Hugosson J. Incidence of prostate
cancer after termination of screening in a population-based randomised screening trial.
Eur Urol (2013) 64(5):703-9. doi: 10.1016/j.eururo.2013.05.024

23. Kilpeldinen TP, Tammela TL, Malila N, Hakama M, Santti H, Maittinen L, et al.
Prostate cancer mortality in the Finnish randomized screening trial. ] Natl Cancer Inst
(2013) 105(10):719-25. doi: 10.1093/jnci/djt038

24. Roobol MJ, Kranse R, Bangma CH, van Leenders AG, Blijenberg BG, van Schaik
RH, et al. Screening for prostate cancer: results of the Rotterdam section of the
European randomized study of screening for prostate cancer. Eur Urol (2013) 64
(4):530-9. doi: 10.1016/j.eururo.2013.05.030

25. Bokhorst LP, Bangma CH, van Leenders GJ, Lous JJ, Moss SM, Schroder FH,
et al. Prostate-specific antigen-based prostate cancer screening: reduction of prostate
cancer mortality after correction for nonattendance and contamination in the
Rotterdam section of the European Randomized Study of Screening for Prostate
Cancer. Eur Urol (2014) 65(2):329-36. doi: 10.1016/j.eururo.2013.08.005

26. Lujan M, Paez A, Angulo JC, Granados R, Nevado M, Torres GM, et al. Prostate
cancer incidence and mortality in the Spanish section of the European Randomized
Study of Screening for Prostate Cancer (ERSPC). Prostate Cancer Prostatic Dis (2014)
17(2):187-91. doi: 10.1038/pcan.2014.7

27. Arnsrud Godtman R, Holmberg E, Lilja H, Stranne J, Hugosson J. Opportunistic
testing versus organized prostate-specific antigen screening: outcome after 18 years in
the Géteborg randomized population-based prostate cancer screening trial. Eur Urol
(2015) 68(3):354-60. doi: 10.1016/j.eururo.2014.12.006

28. Buzzoni C, Auvinen A, Roobol M]J, Carlsson S, Moss SM, Puliti D, et al.
Metastatic prostate cancer incidence and prostate-specific antigen testing: new
insights from the european randomized study of screening for prostate cancer. Eur
Urol (2015) 68(5):885-90. doi: 10.1016/j.eururo.2015.02.042

29. Heijnsdijk EA, de Carvalho TM, Auvinen A, Zappa M, Nelen V, Kwiatkowski M,
et al. Cost-effectiveness of prostate cancer screening: a simulation study based on
ERSPC data. J Natl Cancer Inst (2015) 107(1):366. doi: 10.1093/jnci/dju366

30. Lujan M, Péez A, Angulo JC, Andrés G, Gimbernat H, Redondo C, et al. Update
of the results of the Spanish branch of the European Randomized Study on Screening
for Prostate Cancer (ERSPC). Actas Urol Esp (2015) 39(7):405-13. doi: 10.1016/
j-acuro.2015.02.003

31. Carlsson S, Assel M, Ulmert D, Gerdtsson A, Hugosson J, Vickers A, et al.
Screening for prostate cancer starting at age 50-54 years. A Population-based Cohort
Study. Eur Urol (2017) 71(1):46-52. doi: 10.1016/j.eururo.2016.03.026

32. Hugosson J, Godtman RA, Carlsson SV, Aus G, Grenabo Bergdahl A, Lodding P,
et al. Eighteen-year follow-up of the Géteborg Randomized Population-based Prostate
Cancer Screening Trial: effect of sociodemographic variables on participation, prostate
cancer incidence and mortality. Scand J Urol (2018) 52(1):27-37. doi: 10.1080/
21681805.2017.1411392

33. Martin RM, Donovan JL, Turner EL, Metcalfe C, Young GJ, Walsh EI, et al. Effect
of a low-intensity PSA-based screening intervention on prostate cancer mortality: the
CAP randomized clinical trial. Jama (2018) 319(9):883-95. doi: 10.1001/jama.2018.0154

34. Hugosson J, Roobol MJ, Ménsson M, Tammela TL]J, Zappa M, Nelen V, et al. A
16-yr follow-up of the european randomized study of screening for prostate cancer. Eur
Urol (2019) 76(1):43-51. doi: 10.1016/j.eururo.2019.02.009

35. Lujan Galan M, Paez Borda A, Llanes Gonzalez L, Romero Cajigal I, Berenguer
Sanchez A. Results of the spanish section of the European Randomized Study of
Screening for Prostate Cancer (ERSPC). Update after 21 years of follow-up. Actas Urol
Esp (Engl Ed) (2020) 44(6):430-6. doi: 10.1016/j.acur0.2020.01.005

36. Talala K, Heinédvaara S, Taari K, Tammela TLJ, Kujala P, Stenman UH, et al.
Long-term health-related quality of life among men with prostate cancer in the Finnish
randomized study of screening for prostate cancer. Cancer Med (2020) 9(15):5643-54.
doi: 10.1002/cam4.3181

37. Zhang Z, Liang G, Zhang P, Zhao Z, He Z, Luo F, et al. China county-based
prostate specific antigen screening for prostate cancer and a cost-effective analysis.
Transl Androl Urol (2021) 10(10):3787-99. doi: 10.21037/tau-21-779

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.eururo.2019.08.005
https://doi.org/10.1056/NEJMoa0810084
https://doi.org/10.1172/jci112185
https://doi.org/10.1038/nrc2351
https://doi.org/10.1016/j.urology.2006.02.026
https://doi.org/10.1016/j.urology.2007.10.019
https://doi.org/10.1016/j.urology.2007.10.019
https://doi.org/10.1007/s10552-020-01291-3
https://doi.org/10.1136/bmjopen-2017-017729
https://doi.org/10.1136/bmjopen-2017-017729
https://doi.org/10.1001/jama.2018.3710
https://doi.org/10.1001/jama.2018.3710
https://doi.org/10.1186/s12916-021-02230-y
https://doi.org/10.1007/s10552-021-01480-8
https://doi.org/10.1038/nrurol.2016.251
https://doi.org/10.1200/jco.20.00046
https://doi.org/10.1200/jco.20.00046
https://doi.org/10.1111/j.1541-0420.2007.00825.x
https://doi.org/10.1186/1741-7015-12-26
https://doi.org/10.1136/bmj.f2023
https://doi.org/10.1001/jamanetworkopen.2019.19284
https://doi.org/10.1093/jnci/djp278
https://doi.org/10.1016/s0140-6736(14)60525-0
https://doi.org/10.1016/j.eururo.2013.05.024
https://doi.org/10.1093/jnci/djt038
https://doi.org/10.1016/j.eururo.2013.05.030
https://doi.org/10.1016/j.eururo.2013.08.005
https://doi.org/10.1038/pcan.2014.7
https://doi.org/10.1016/j.eururo.2014.12.006
https://doi.org/10.1016/j.eururo.2015.02.042
https://doi.org/10.1093/jnci/dju366
https://doi.org/10.1016/j.acuro.2015.02.003
https://doi.org/10.1016/j.acuro.2015.02.003
https://doi.org/10.1016/j.eururo.2016.03.026
https://doi.org/10.1080/21681805.2017.1411392
https://doi.org/10.1080/21681805.2017.1411392
https://doi.org/10.1001/jama.2018.0154
https://doi.org/10.1016/j.eururo.2019.02.009
https://doi.org/10.1016/j.acuro.2020.01.005
https://doi.org/10.1002/cam4.3181
https://doi.org/10.21037/tau-21-779
https://doi.org/10.3389/fonc.2023.1320681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

38. Pakarainen T, Nevalainen J, Talala K, Taari K, Raitanen ], Kujala P, et al.
Number of screening rounds attended and incidence of high-risk prostate cancer in the
Finnish Randomized Study of Screening for Prostate Cancer (FInRSPC). Cancer (2021)
127(2):188-92. doi: 10.1002/cncr.33254

39. Arsov C, Albers P, Herkommer K, Gschwend J, Imkamp F, Peters I, et al. A
randomized trial of risk-adapted screening for prostate cancer in young men-Results of
the first screening round of the PROBASE trial. Int J Cancer (2022) 150(11):1861-9.
doi: 10.1002/ijc.33940

40. Franlund M, Ménsson M, Godtman RA, Aus G, Holmberg E, Kollberg KS, et al.
Results from 22 years of followup in the Goteborg randomized population-based
prostate cancer screening trial. J Urol (2022) 208(2):292-300. doi: 10.1097/
ju.0000000000002696

Frontiers in Oncology

11

10.3389/fonc.2023.1320681

41. Neupane S, Steyerberg E, Raitanen ], Talala K, Pylvildinen J, Taari K, et al.
Prognostic factors of prostate cancer mortality in a Finnish randomized screening trial.
Int J Urol (2018) 25(3):270-6. doi: 10.1111/iju.13508

42. Landy R, Houghton LC, Berg CD, Grubb RL 3rd, Katki HA, Black A. Risk of
prostate cancer-related death following a low PSA level in the PLCO trial. Cancer Prev
Res (Phila) (2020) 13(4):367-76. doi: 10.1158/1940-6207.Capr-19-0397

43. Andriole GL, Crawford ED, Grubb RL 3rd, Buys SS, Chia D, Church TR, et al.
Mortality results from a randomized prostate-cancer screening trial. N Engl | Med
(2009) 360(13):1310-9. doi: 10.1056/NEJM0a0810696

44. Draisma G, Etzioni R, Tsodikov A, Mariotto A, Wever E, Gulati R, et al. Lead
time and overdiagnosis in prostate-specific antigen screening: importance of methods
and context. J Natl Cancer Inst (2009) 101(6):374-83. doi: 10.1093/jnci/djp001

frontiersin.org


https://doi.org/10.1002/cncr.33254
https://doi.org/10.1002/ijc.33940
https://doi.org/10.1097/ju.0000000000002696
https://doi.org/10.1097/ju.0000000000002696
https://doi.org/10.1111/iju.13508
https://doi.org/10.1158/1940-6207.Capr-19-0397
https://doi.org/10.1056/NEJMoa0810696
https://doi.org/10.1093/jnci/djp001
https://doi.org/10.3389/fonc.2023.1320681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Application and optimization of prostate-specific antigen screening strategy in the diagnosis of prostate cancer: a systematic review
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Literature search
	3.2 Basic characteristics
	3.3 Main findings
	3.3.1 Impact of PSA screening on prognosis of patients with PCa
	3.3.2 PSA screening and overdiagnosis of PCa
	3.3.3 Optimization of PSA screening strategy

	3.4 Assessment for the risk of bias

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


