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Diagnostic accuracy of prostate-specific antigen 
below 4 ng/mL as a cutoff for diagnosing prostate 
cancer in a hospital setting: A systematic review 
and meta-analysis
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Purpose: A prostate-specific antigen (PSA) cutoff of 4 ng/mL has been widely used for prostate cancer screening in population-
based settings. However, the accuracy of PSA below 4 ng/mL as a cutoff for diagnosing prostate cancer in a hospital setting is in-
conclusive. We systematically reviewed the accuracy of PSA below 4 ng/mL cutoff in a hospital setting.
Materials and Methods: We systematically reviewed the literature by searching major databases until March 2020, and a meta-
analysis and quality assessment were performed.
Results: A total of 11 studies were included at the completion of the screening process. The meta-analysis showed a sensitivity of 
0.92 and a specificity of 0.16 for a PSA cutoff below 4 ng/mL. The area under the hierarchical summary receiver operating charac-
teristic curve was 0.87, the positive likelihood ratio was 1.23, the negative likelihood ratio was 0.46, and the diagnostic odds ratio 
was 2.64. PSA sensitivities and specificities varied according to the cutoff range: 0.94 and 0.17 for 2 to 2.99 ng/mL, and 0.92 and 0.16 
for 3 to 3.99 ng/mL, respectively. No significant differences in the sensitivity and specificity of PSA cutoffs in the range of 2 to 2.99 
ng/mL and 3 to 3.99 ng/mL were found.
Conclusions: Although a PSA cutoff <3 ng/mL is relatively more sensitive and specific than PSA ≥3 ng/mL, no significant differ-
ences in sensitivity and specificity were found in the diagnosis of prostate cancer. Therefore, clinicians should choose an appropri-
ate PSA cutoff on the basis of clinical circumstances and patients’ characteristics.
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INTRODUCTION

Prostate cancer is one of the most common types of can-
cer worldwide and results in a large burden of morbidity 
and mortality. The incidence of prostate cancer is rapidly 
increasing, partly because of increased awareness of pros-
tate cancer screening. During prostate cancer screening, 
the amount of prostate-specific antigen (PSA) in the blood, 
which is a glycoprotein formed by the prostate gland, is 
measured. In 1991, this test became popular in addition to 
digital rectal examination (DRE) because of the possibility 
for early detection of prostate cancer. The PSA test is sim-
ple, objective, quantitative, and feasible and is independent 
of the examiner’s skill [1]. However, interpretation of PSA 
values requires an understanding of the clinical situation 
because other prostate-related conditions such as benign 
prostatic hypertrophy and prostatitis can also cause PSA el-
evation.

A PSA level ≥4 ng/mL has been widely accepted as a 
threshold for suggesting prostate biopsy to detect prostate 
cancer [2]. However, there is no consensus on the threshold 
value, and the risk for prostate cancer ranges from 6.6% to 
12% in patients with PSA ≤2 ng/mL [3]. Two large random-
ized trials conducted in the United States and Europe evalu-
ated the efficacy of population-based PSA screening for the 
detection of  prostate cancer. The European Randomized 
Study of Screening for Prostate Cancer (ERSPC), a multi-
center large-scale randomized controlled trial (RCT) initiated 
in 1993, aimed to investigate the effect of PSA screening on 
mortality related to prostate cancer. Since 1996, most centers 
have used a PSA level of ≥3 ng/mL instead of ≥4 ng/mL as 
an indicator of a positive finding on a screening test. Anoth-
er screening RCT, the Prostate, Lung, Colorectal and Ovar-
ian (PLCO) study, used a PSA cutoff of 4 ng/mL. Whereas 
ERSPC reported a survival benefit, PLCO and several meta-
analyses indicated that PSA screening did not significantly 
improve prostate-specific mortality. Moreover, the US Pre-
ventive Services Task Force (USPSTF) recommended against 
PSA-based screening for prostate cancer in 2013, because it 
leads to unnecessary biopsy, resulting in adverse impacts 
due to overdiagnosis. Hence, the US [4] and European guide-
lines [5,6] do not recommend conducting an early prostate 
cancer screening program for the general population at the 
national level. 

More recently, the USPSTF revised the recommendation 
and offered PSA screening selectively in men aged 55 to 69 
years on the basis of clinical judgment and patient prefer-
ences. The American Cancer Society [4] recommends screen-
ing tests annually in people with a PSA level of 2.5 ng/mL 

or more. For repeated PSA test results between 2.5 and 4.0 
ng/mL, individual risk factors such as race, family history, 
age, and abnormal findings on a DRE should be considered 
to determine the need for prostate biopsy. The National 
Comprehensive Cancer Network recommended that prostate 
biopsy be conducted if the PSA exceeds 3 ng/mL or if the 
results of a DRE are very suspicious [7]. The UK National 
Health Service Guidelines recommended that even if PSA 
values increase, decisions about biopsy should be made in 
consideration of the patient’s life expectancy.

Despite its high sensitivity and low specificity, the diag-
nostic performance of a PSA cutoff below 4 ng/mL remains 
inconclusive. Thus, instead of universally following a specific 
cutoff for all patients, it is necessary to judiciously decide 
on the need for a histologic examination based on patient 
characteristics such as age and prostate-related symptoms to 
reduce the rate of overdiagnosis and biopsy-related complica-
tions. 

Therefore, this systematic review focused on the diagnos-
tic accuracy of PSA with a cutoff of <4 ng/mL for prostate 
cancer in participants with symptoms attending a health 
care facility. 

MATERIALS AND METHODS

1. Data sources and search strategy
The present study was registered with PROSPERO (no. 

CRD42020172239). We conducted a systematic search of arti-
cles published up to March 2020 in five literature databases: 
MEDLINE, EMBASE, the Cochrane Library, and the Kore-
an databases KoreaMed and KMBASE. The search strategy 
is presented in Supplementary File 1.

2. Selection criteria 
Articles based on studies that met the following criteria 

were included: 1) participants were not diagnosed with pros-
tate cancer and biopsy was performed when the total PSA 
value was less than 4 ng/mL; 2) the diagnostic accuracy of a 
total PSA cutoff of <4 ng/mL was compared with transrec-
tal ultrasound (TRUS)-guided or magnetic resonance imag-
ing (MRI)-guided biopsy with 10 or more cores; 3) at least one 
predetermined outcome was reported; 4) the study setting 
was a medical facility; and 5) the study design was a diag-
nostic accuracy study [8]. The exclusion criteria were as fol-
lows: 1) duplicate articles; 2) articles not published in English 
or Korean; 3) grey literature; 4) publications other than orig-
inal research articles, such as reviews, editorials, letters, and 
comments; 5) a study not designed as a diagnostic accuracy 
study; 6) inclusion of only participants with prostate cancer; 
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7) inclusion of only participants with a total PSA cutoff >4 
ng/mL; 8) performance of repeated biopsy; 9) missing total 
PSA result; 10) no inclusion of biopsy in the comparator arm; 
11) report of a nonpredetermined outcome; and 12) full-text 
article not available. The PICOs of the systematic review are 
presented in Supplementary File 2.

Two researchers independently selected the studies. Any 
disagreement was settled by discussion between the two re-
viewers or through a consensus meeting in consultation with 
a third reviewer until a final set of relevant studies was 
agreed on. The literature selection process was performed in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement [9] 
and the Cochrane Handbook for Systematic Reviews of In-
terventions [10]. The screening procedure was conducted us-
ing Covidence (Veritas Health Innovation, Melbourne, VIC, 
Australia).

3. Data extraction and methodologic quality  
assessment
According to a predefined data extraction format, pairs 

of researchers extracted information from the selected stud-
ies, including the research design, patient characteristics, 
characteristics of the index test (total PSA test) and refer-
ence test (biopsy), and test accuracy outcomes. 

Two researchers independently assessed the risk of bias 
(ROB) of the selected studies using the Quality Assessment 
of Diagnostic Accuracy Studies 2 (QUADAS-2) [11]. Any dis-
agreement was resolved by discussion and consultation with 
a clinical expert group.

4. Outcome measures
The outcomes were sensitivity and specificity, positive 

and negative likelihood ratios (PLR and NLR), positive and 
negative predictive power, diagnostic accuracy, diagnostic 
odds ratio (DOR), and area under the curve below the PSA 
cutoff of 4 ng/mL. The outcomes for PSA values ranging 
from 2 to 2.99 ng/mL and from 3 to 3.99 ng/mL were also 
calculated, respectively.

5. Data synthesis and statistical analysis 
We cross-tabulated the numerical information from the 

index test results (positive or negative) in 2×2 tables against 
the target disorder (positive or negative) to calculate the test 
accuracy outcomes. 

We used visual inspection of the coupled forest plots of 
sensitivity and specificity to estimate heterogeneity. If sig-
nificant heterogeneity was detected, then the relevant data 
were pooled using a random-effects coefficient bivariate 

model and hierarchical summary receiver operating charac-
teristic curve (HSROC) model; otherwise, a fixed-effects coef-
ficient binary regression model was used. According to the 
Cochrane Handbook for Diagnostic Test Accuracy Reviews 
[12], the Spearman correlation coefficient was computed be-
tween the logit of sensitivity and logit of (1−specificity) to 
assess the threshold effect. If there were more than two PSA 
cutoff values in a single study, the PSA cutoff value with a 
higher diagnostic accuracy was used for the meta-analysis. 
Heterogeneity was assessed by using the I2 statistical meth-
od, with I2 >50% or a p-value <0.05 indicating significant 
heterogeneity.

Publication bias was assessed by creating a Deeks’ fun-
nel plot and performing an asymmetry test. Publication bias 
was considered present if there was a nonzero slope coeffi-
cient. Deeks’ analysis was performed to evaluate the publica-
tion bias, with p <0.05 suggesting publication bias.

All statistical analyses were performed using Cochrane 
RevMan version 5.3 (The Nordic Cochrane Centre, The 
Cochrane Collaboration, Copenhagen, Denmark) and Stata 
software (version 11; Stata Corp.,, College Station, TX, USA). 
Measurements with a p-value of <0.05 were considered sta-
tistically significant. 

6. Ethics statement
The present study protocol was reviewed and approved 

by the Institutional Review Board of the National Evidence-
based Healthcare Collaborating Agency (approval no. NE-
CAIRB20-024). 

RESULTS

1. Description of included studies
A total of 8,260 articles were retrieved from the database 

after excluding duplicates. According to the selection criteria, 
848 articles were selected for full-text screening. All selection 
processes are presented in the PRISMA flowchart (Fig. 1). At 
the conclusion of screening, 11 studies (one in Korean) were 
included in this systematic review [13-23]. 

The included studies were those published in and after 
2003, with five multicenter [15,16,19,21,22] and six single-
center [13,14,17,18,20,23] studies. Of the included studies, nine 
and two studies had prospective [13-18,21-23] and retrospec-
tive [19,20] designs, respectively. The number of participants 
varied from 103 to 4,102, with a total participant number 
of 8,514. The majority of participants (4,341) were recruited 
from Europe [14,15,19]. The remaining studies with 4,173 par-
ticipants were conducted in Asia [17,18,20,21], Brazil [13,23], 
and the United States [16,22]. The PSA cutoff values in the 
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studies ranged from 2 to 10 ng/mL. All studies used the 
pathologic results of TRUS-guided biopsy with a minimum 
of 10 cores as a reference test. Two studies received funding 
from industry [16,22], and two received academic funding 
[19,23]. Three studies [13-15] reported no conflicts of interest, 
and four studies [17,18,20,21] did not report conflicts of inter-
est. Baseline characteristics of the included studies are dem-
onstrated in Table 1.

2. Quality of studies
Regarding the patient selection domain, eight studies 

were judged to have a low ROB [13-18,21,22]. However, one 
study [20] was rated as unclear, and the remaining [19,23] 
were rated as unclear with a high ROB because of inad-
equate information about the participants’ recruitment (e.g., 
consecutive or random sample enrollment) and exclusion 
criteria, respectively. The ROB was rated as high in nine 
studies that did not prespecify the PSA cutoff [13-15,17-19,21-
23]; two studies were rated as having low ROB in this re-
spect [16,20]. All studies were rated as having low ROB with 
respect to the reference standard, flow, and timing domains. 
All studies were judged as having a low applicability of con-
cerns of patient selection and index test domains. Although 
four studies [13,17,20,23] were rated as having a low ROB, 
seven studies [14-16,18,19,21,22] were rated as having a high 

ROB owing to discrepancies in the number of participants 
in the study and the calculation of diagnostic accuracy re-
garding concerns of applicability of the reference standard. 
Supplementary Fig. summarizes the ROB according to the 
QUADAS-2.

3. Diagnostic test accuracy
A portion of the diagnostic performance results of PSA 

cutoffs below 4 ng/mL for each included study are shown in 
Table 1. The coupled forest plots of sensitivity and specificity 
with PSA cutoffs below 4 ng/mL are shown in Fig. 2, based 
on the threshold currently used in clinical practice. 

The sensitivity of PSA cutoffs below 4 ng/mL ranged 
from 0.8 to 1, and the specificity ranged from 0.02 to 0.63. 
The pooled sensitivity was 0.92 (95% confidence interval [CI]: 
0.86–0.95) with heterogeneity (I2=92.57, p<0.01); the pooled 
specificity was 0.16 (95% CI: 0.09–0.28) with heterogene-
ity (I2=98.04, p<0.01) (Fig. 2A). The area under the HSROC 
was 0.68 (95% CI: 0.05–0.99) (Fig. 2B); PLR was 1.23 (95% CI: 
0.99–1.47); NLR was 0.46 (95% CI: 0.26–0.66); and DOR was 
2.64 (95% CI: 1.11–4.17). 

For PSA cutoffs in the range of 2 to 2.99 ng/mL, the sen-
sitivity ranged from 0.9 to 1, and the specificity ranged from 
0.05 to 0.55. The pooled sensitivity was 0.94 (95% CI: 0.92–0.96) 
and the pooled specificity was 0.17 (95% CI: 0.08–0.32), with 
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heterogeneity of I2=60.2 (p<0.01) and I2=97.56 (p<0.01), respec-
tively (Fig. 2C). The area under the HSROC was 0.93 (95% 
CI: 0.09–1.00) (Fig. 2D); PLR was 1.29 (95% CI: 0.86–1.71); NLR 
was 0.43 (95% CI: 0.09–0.78); and DOR was 3.98 (95% CI: 1.79–
9.75). 

The sensitivity and specificity of a PSA cutoff in the 
range of 3 to 3.99 ng/mL ranged from 0.8 to 1 and from 0.017 
to 0.631, respectively. The pooled sensitivity was 0.92 (95% CI: 
0.84–0.96) and the pooled specificity was 0.16 (95% CI: 0.08–

0.30) with significant heterogeneity, respectively (I2=98.26, 
p<0.01; I2=91.12, p<0.01) (Fig. 2E). The area under HSROC 
was 0.67 (95% CI: 0.06–0.99) (Fig. 2F); PLR was 1.22 (95% CI: 
0.92–1.51); NLR was 0.50 (95% CI: 0.29–0.72); and DOR was 2.71 
(95% CI: 0.94–4.48). 

There were no significant differences in the sensitivity 
and specificity of PSA cutoffs in the range of 2 to 2.99 ng/
mL or 3 to 3.99 ng/mL (sensitivity: t=2.14, p>0.05; specificity: 
t=0.02, p>0.05). For PSA cutoffs below 4 ng/mL, in the range 
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Fig. 2. (A, C, E) Coupled forest plots of pooled sensitivity and specificity of different prostate-specific antigen (PSA) cutoffs. Numbers are pooled 
estimates with 95% confidence interval (CI) in parentheses. Corresponding heterogeneity statistics are provided at the bottom right corners. (B, D, 
F) Hierarchical summary receiver operating characteristic (HSROC) curve of the diagnostic performance of PSA for detecting prostate cancer.
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of 2 to 2.99 ng/mL and 3 to 3.99 ng/mL, the Deeks’ funnel 
plot test (p=0.17, 0.46, and 0.37, respectively) showed no evi-
dence of publication bias. 

DISCUSSION

In this analysis, we reviewed the diagnostic accuracy of 
PSA with a cutoff of <4 ng/mL for the diagnosis of pros-
tate cancer in participants attending health care facilities 
with symptoms. We reviewed and quantitatively analyzed 
11 studies, including a total of 8,512 participants. Our review 
showed that the PSA test seems to have a high sensitivity 
but a relatively low specificity. PSA with a cutoff in the 
range of 2 to 2.99 ng/mL showed a higher sensitivity, speci-
ficity, and area under the HSROC compared with cutoffs 
of from 3 to 3.99 ng/mL and >4 ng/mL. The sensitivity and 
specificity of PSA cutoffs in the range of 2 to 2.99 ng/mL 
and 3 to 3.99 ng/mL did not show statistically significant 
differences. The DOR of PSA with cutoffs in the range of 2 
to 2.99 ng/mL was higher than that of PSA with cutoffs in 
the range of 3 to 3.99 ng/mL.

A recently published study showed that prostate cancer 
was diagnosed in 25% of patients with PSA levels between 
2.5 and 4 ng/mL [24], which is similar to the rate of diagnosis 
among those with a PSA level of 4 to 10 ng/mL [25]. Another 
study demonstrated that men older than 50 years with a 
PSA level higher than 2 ng/mL had a 27.8 times increased 
risk for prostate cancer [26]. Recently, Ross et al. [27] argued 
that PSA above 1.5 ng/mL should be used as a cutoff to con-
sider further testing for all age groups, and the ERSPC risk 
calculator and adjunct variables (for example, PSA density, 
%fPSA) should be considered to further assess the risk for 
cancer. Public Health England released guidance in favor of 
a standard reference range of above 3 ng/mL for men aged 
50 to 69 years [28]. Although our review supports the belief 
that a low PSA cutoff might be more sensitive to prostate 
cancer, the pooled DOR of each threshold was approximately 
2 in addition to the low specificity; therefore, PSA screening 
tests appear to have low probabilities of confirming and rul-
ing out prostate cancer based on a relatively small likelihood 
ratio. Moreover, the study by Mutlu et al. [17] showed the 
most beneficial results in DOR with PSA cutoffs of 2.13 and 
2.83 ng/mL; however, the groups in that study had statisti-
cally different baseline PSA levels (25.3±58.9 ng/mL in the 
cancer group and 8.53±14.28 ng/mL in the benign group). By 
contrast, the DOR in the study by Vukovic et al. [14] with 
PSA cutoffs of 3 and 3.47, which included only participants 
with normal DRE, was below 1. These results might reflect 
that a PSA cutoff below 4 ng/mL has a wide range of diag-

nostic accuracy as a screening test according to patient char-
acteristics related to the risk for prostate cancer.

Although biopsy-detected prostate cancer, including high-
grade cancer (clinically significant cancer with a Gleason 
score of 7 or higher), is not rare among men with PSA lev-
els of 4.0 ng/mL or less [29,30], a previous study adopted a 
threshold of 4 ng/mL for prostate cancer screening and re-
ported only a small absolute survival benefit with 9 years of 
follow-up [31]. In addition, the Prostate Cancer Intervention 
versus Observation Trial showed no survival benefit from 
radical prostatectomy in men with PSA ≤10 ng/mL (low-risk 
group) [32]. A low PSA cutoff increases the number of people 
who undergo prostate biopsy. Therefore, there are concerns 
about overdiagnosis and overtreatment of indolent and clini-
cally insignificant prostate cancer as well as biopsy-related 
complications such as bleeding, difficulty in urination, and 
infection. In short, the choice between performing and not 
performing a prostate biopsy based on the PSA level is far 
from simple. However, noticing the distinction between di-
agnosing a significant or life-threatening cancer that needs 
to be treated and over-diagnosing a patient by detecting a 
clinically insignificant cancer that would otherwise have 
remained small and asymptomatic in the absence of any 
treatment during the lifetime of the patient is important in 
clinical practice. 

Harvey et al. [33] systematically reviewed the diagnostic 
accuracy of PSA in a clinical setting, including studies from 
1998 to 2008 conducted in Europe, and with a full range of 
PSA values from <4 ng/mL to >10 ng/mL. The results of 
that analysis showed that PSA sensitivity ranged from 0.78 
to 1.00 and specificity from 0.06 to 0.66. Our results for sensi-
tivity and specificity are consistent with those of the previ-
ous review. However, we believe that our study summarizes 
the results by use of the most updated data with rigorous 
methodology. The previous review did not assess ROB using 
QUADAS-2. More importantly, in most studies included in 
the previous review, TRUS-guided 12-core biopsy, which is 
a standard biopsy technique, was not performed. Moreover, 
we included studies with MRI-guided biopsy in addition to 
TRUS-guided biopsy as a reference test. Compared with the 
study by Harvey et al. [33], this led to a slightly higher sen-
sitivity and a similar specificity in detecting prostate cancer 
in our review. Furthermore, our review included studies out-
side of Europe, such as Asia, Brazil, and the United States. 

 This study has several limitations. First, all included 
studies were conducted in a hospital setting, not in a com-
munity setting, which might lead to an increased possibil-
ity of biopsy being performed in the asymptomatic study 
population. Second, there was huge clinical heterogeneity 



259Investig Clin Urol 2022;63:251-261. www.icurology.org

Diagnostic accuracy of PSA for prostate cancer

among the included studies. The source of clinical heteroge-
neity was the baseline differences in PSA levels and DRE 
findings among the study population. Including participants 
with or without lower urinary tract symptoms or abnormal 
DRE findings can be a source of clinical heterogeneity. In 
addition, studies performed in Brazil and the United States 
included participants with PSA values below 10 ng/mL, 
while several other studies from Asia and Europe included 
participants with PSA values up to 20 ng/mL. Some studies 
did not aim to evaluate the test performance of PSA but fo-
cused on diagnostic tools. Third, we were not able to perform 
subgroup analysis by patient characteristics to investigate 
the source of heterogeneity owing to small numbers of in-
cluded articles. Finally, almost all studies were rated as hav-
ing a high ROB in the index test domain, as the PSA cutoff 
threshold was not prespecified. 

Although the issues of overdiagnosis and overtreatment 
of prostate cancer related to the use of a low PSA cutoff 
threshold continue, prostate cancer diagnostic rates of over 
20% among those with PSA levels <4 ng/mL cannot be over-
looked. In our review, no significant differences in sensitiv-
ity and specificity were found in the diagnosis of prostate 
cancer, although PSA with a cutoff value <3 ng/mL was 
relatively more sensitive and specific than PSA ≥3 ng/mL in 
addition to having a relatively small DOR. Therefore, clini-
cians should bear in mind that the diagnostic accuracy of 
PSA tests may vary according to patient characteristics and 
should choose a cutoff after discussing potential benefits 
and risks of screening with their patients to incorporate pa-
tient preferences in the decision. 

CONCLUSIONS 

Although a PSA cutoff of <3 ng/mL is relatively more 
sensitive and specific than a PSA cutoff ≥3 ng/mL, no sig-
nificant differences in sensitivity or specificity were found 
in the diagnosis of  prostate cancer. Therefore, clinicians 
should choose a PSA cutoff with consideration of clinical 
circumstances, including patient characteristics related to 
the risk for prostate cancer. 
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