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Abstract

Background: Prostate-specific antigen (PSA) is a commonly used test to detect prostate cancer. Attention has
mostly focused on the use of PSA in screening asymptomatic patients, but the diagnostic accuracy of PSA for
prostate cancer in patients with symptoms is less well understood.

Methods: A systematic database search was conducted of Medline, EMBASE, Web of Science, and the Cochrane
library. Studies reporting the diagnostic accuracy of PSA for prostate cancer in patients with symptoms were
included. Two investigators independently assessed the titles and abstracts of all database search hits and full texts
of potentially relevant studies against the inclusion criteria, and data extracted into a proforma. Study quality was
assessed using the QUADAS-2 tool by two investigators independently. Summary estimates of diagnostic accuracy
were calculated with meta-analysis using bivariate mixed effects regression.

Results: Five hundred sixty-three search hits were assessed by title and abstract after de-duplication, with 75 full
text papers reviewed. Nineteen studies met the inclusion criteria, 18 of which were conducted in secondary care
settings with one from a screening study cohort. All studies used histology obtained by transrectal ultrasound-
guided biopsy (TRUS) as a reference test; usually only for patients with elevated PSA or abnormal prostate
examination. Pooled data from 14,489 patients found estimated sensitivity of PSA for prostate cancer was 0.93 (95%
Cl 0.88, 0.96) and specificity was 0.20 (95% Cl 0.12, 0.33). The area under the hierarchical summary receiver operator
characteristic curve was 0.72 (95% Cl 0.68, 0.76). All studies were assessed as having a high risk of bias in at least
one QUADAS-2 domain.

Conclusions: Currently available evidence suggests PSA is highly sensitive but poorly specific for prostate cancer
detection in symptomatic patients. However, significant limitations in study design and reference test reduces the
certainty of this estimate. There is very limited evidence for the performance of PSA in primary care, the healthcare
setting where most PSA testing is performed.
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Background

Prostate-specific antigen (PSA) is a commonly used test
for the detection of prostate cancer, identifying patients
that may require a diagnostic test [1]. PSA testing is usu-
ally performed for one of two reasons: assessing a pa-
tient presenting to their general practitioner (GP) or
primary care physician with lower urinary tract symp-
toms (LUTS) [2] or screening for a patient who is
asymptomatic but concerned about their risk of prostate
cancer [3, 4]. Patients with an elevated PSA are usually
referred to a urologist for diagnostic testing, which may
include magnetic resonance imaging (MRI) of the pros-
tate and/or a prostate biopsy [5]. Very large randomised
controlled trials of PSA-based prostate cancer screening
have been performed; these are summarised in a recent
systematic review in 2018 that showed a small potential
reduction in prostate cancer specific mortality with no
change in all-cause mortality and an increased risk of
complications from biopsy, overdiagnosis of clinically in-
significant prostate cancer, and overtreatment [6—8].
However, uncertainty remains about the diagnostic ac-
curacy of PSA for prostate cancer in patients with LUTS
[9].

The most recent systematic review of the diagnostic
accuracy of PSA was published by Harvey et al. in 2009
[10]. A range of estimates for the accuracy of PSA was
found amongst the ten included studies. That review
presented limited information on their methods; cru-
cially, it was unclear whether the included studies were
assessing PSA in symptomatic or asymptomatic patients
nor was it clear whether any were relevant to primary
care populations. Just et al. published a brief review of
the literature in 2018, highlighting that the paucity of re-
search in this area applicable to primary care, where a
significant proportion of PSA testing is performed, still
remains [9].

This systematic review aimed to determine the diag-
nostic accuracy of PSA for the detection of prostate can-
cer in patients, focusing on studies where the included
patients (or a subset of included patients) had at least
one symptom that could relate to an undiagnosed pros-
tate cancer. Given the findings by Just et al., this review
considered studies from primary and secondary care
settings.

Methods

Types of studies

We included cross-sectional and cohort studies that re-
ported paired data on the diagnostic accuracy of PSA for
the detection of prostate cancer in symptomatic men,
verified with the use of a reference test (prostate biopsy).
We excluded studies if it was not possible to extract data
for a complete two-by-two table for the target condition
or if the patient cohort was only asymptomatic patients
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(i.e. a screening cohort). We did not restrict studies by
publication date, country, or clinical setting.

Participants

The study population of interest was any patient with
symptoms of a possible prostate cancer, with no history
of the disease. We defined symptoms of prostate cancer
as at least one of LUTS (nocturia, hesitancy, poor
stream, incomplete voiding, double voiding, terminal
dribbling, urgency, incontinence, frequency), haematuria,
erectile dysfunction, or lower back pain. Symptoms may
have been identified by a standardised tool, such as the
International Prostate Symptom Score (IPSS), clinical
coding, or through patient self-report. We did not ex-
clude studies based on age of participants or study set-
ting. Where studies included groups of both
asymptomatic and symptomatic men, we included men
in the symptomatic group.

Index test

The index test was prostate-specific antigen (PSA) in a
peripheral blood sample, measured in nanograms per
millilitre (ng/mL). We did not set an a priori PSA
threshold for prostate cancer detection but instead ex-
tracted data based on the PSA thresholds used in each
study.

Target condition
The target condition was prostate cancer, regardless of
Gleason grade or clinicopathological stage.

Reference test

The reference test was a biopsy of the prostate with
histological examination. We did not set an inclusion
criteria on the basis of prostate biopsy approach used in
studies, but this was recorded as part of the data
extraction.

Electronic searches

Medline Ovid, EMBASE, the Cochrane Central Register
of Controlled Trials (CENTRAL), and Web of Science
databases were utilised to identify relevant studies. Key
search terms, informed by the Scottish Intercollegiate
Guidelines Network (SIGN) search strategies and pre-
existing systematic reviews in the field of prostate can-
cer, were combined with MeSH terms for each database
search. Hand-searching of reference lists from included
studies and snowballing techniques were performed to
locate any other possibly relevant studies. Please see
Additional file 1 for the search strategy used in this
review.
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Data collection and analysis

Selection of studies

Search hits from each database were downloaded and
combined into a review database managed in Mendeley
Desktop. Each search hit was screened against the inclu-
sion/exclusion criteria by SM and a 2nd investigator (LP,
SC, or EG) independently, based on title and abstract.
Full text articles were reviewed if a reviewer was unclear
on the basis of title and abstract. Any discrepancies of
study inclusion were adjudicated by a third reviewer
(WH or AS).

Data extraction

A pre-prepared proforma for data extraction was used to
collate relevant data from each included study, including
two by two tables for the index and reference tests. SM
extracted the data from all included studies. A second
investigator extracted data from a random sample of
10% of included studies for verification of accuracy of
data extraction. Any discrepancies were adjudicated by a
third reviewer (WH or AS).

Quality assessment

Risk of bias and applicability of all included studies was
assessed by SM using the QUADAS-2 [11] tool, with a
second investigator independently assessing 10% of in-
cluded studies and discussed any discrepancies with SM.

Meta-analysis

Raw data extracted from included papers on PSA result
and prostate cancer diagnoses were extracted and com-
bined into 2 x 2 tables to assess diagnostic accuracy.
Measures of pooled diagnostic accuracy were intended
to be determined for the following outcomes using bi-
variate mixed effects regression [12]:

Any prostate cancer diagnosis

Clinically significant prostate cancer diagnosis (Glea-
son Grade Group > 2)

The majority of included studies used a fixed PSA
threshold of 4ng/mL, and this was also used as the
threshold for meta-analysis. No included studies re-
ported sufficient information to Meta-analyse age-
adjusted thresholds.

Heterogeneity
Heterogeneity was assessed for visually, using Forest
plots of sensitivity and specificity.

All analyses were performed using Stata Version 16
(StataCorp, http://www.stata.com)

Protocol publication
The protocol for this systematic review and meta-analysis
was registered with PROSPERO (CRD42021257783).
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PRISMA reporting guidelines
This systematic review was conducted following the
PRISMA reporting guidelines for systematic reviews and
meta-analyses [13]. A completed PRISMA checklist can
be found in Additional file 2.

Results

Database searching identified 631 potentially relevant
studies, and a further 42 studies were identified through
reference list checking and snowballing techniques from
initial search hits and key papers. Following de-
duplication, 563 search hits were assessed by two re-
viewers independently, and 75 papers selected for full
text assessment. Nineteen papers were ultimately in-
cluded. Details of full-text exclusions can be found in
Fig. 1.

Risk of bias assessment using the QUADAS-2 tool
demonstrated a number of potential areas of bias in the
included studies (see Table 1 and Fig. 2). None of the
studies were assessed as having a low risk of bias with
regards to the reference standard test, which was almost
always a transrectal ultrasound-guided (TRUS) biopsy.
TRUS biopsy suffers from a significant risk of false nega-
tive or misclassification of prostate cancer diagnosis
owing to the random nature of sampling of the prostate
[14]. The reference standard was performed with know-
ledge of the index test (PSA) in 16 of 19 studies. Patient
populations were drawn from hospital urology clinics in
all but one study, affecting applicability to other clinical
settings. Limited information with regards to patient se-
lection was available in eight studies, and the majority
had a low risk of bias with regards to the conduct of the
index test.

Table 2 summarises the features of the included stud-
ies. There was a wide range of countries and study sizes.
One study focused on a symptomatic cohort within a
population screening study, and the remainder were set
in hospital urology clinics. No study was performed in a
primary care population. Five studies gathered stage and
grade data. All but one study used TRUS biopsy as a ref-
erence test, with three studies also gathering diagnostic
data from transurethral resection of the prostate (TURP)
or other urological surgical procedures involving the
prostate.

Table 3 shows the measures of diagnostic accuracy cal-
culated using reported data in 14 included studies featur-
ing 14,489 patients that considered a PSA level of greater
than or equal to 4 ng/mL as abnormal. The remaining five
studies focused on populations in a specific part of the
PSA range; either a low or raised PSA level. Meta-analysis
showed an estimated combined sensitivity of a PSA
greater than or equal to 4 ng/mL for any prostate cancer
of 0.93 (95% CI 0.88, 0.96) and a combined specificity of
0.20 (95% CI 0.12, 0.33) (see Fig. 3). There was significant
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heterogeneity between included studies (sensitivity I*
98.97, specificity I* 99.61). Hierarchical summary receiver
operator curve (HSROC) analysis showed an AUC of 0.72
(95% CI 0.68, 0.76) (see Fig. 4). A Fagan plot can be found
in Additional File 3.

Three studies included in the meta-analysis collected
stage and grade data for prostate cancer cases; however,
none of these studies reported data for clinically signifi-
cant prostate cancer diagnoses at a PSA cut-off of > 4
ng/mL. Chang et al. [18] did not report the accuracy of
PSA but showed a statistically significant difference in
free to total PSA ratio for a Gleason Score of seven or
more compared to Gleason Score of six or lower (11.69
+ 0.98 vs 16.47 + 2.25, p = 0.029). Richie et al. [29] did
not report the Gleason Score data collected but found
higher PSA levels and increasing age were associated
with a higher risk of metastatic prostate cancer. Shahab
et al. [31] identified a PSA cut-off of 6.95ng/mL for

differentiating moderate versus high Gleason Score
(which was not defined).

Discussion

Summary of findings

Published studies assessing the diagnostic accuracy of
PSA in symptomatic patients reported high sensitivity
and low specificity for the detection of prostate cancer.
Eighteen of the included studies were undertaken in hos-
pital urology outpatient populations, with one study fo-
cused on a symptomatic cohort within a population
screening study. Importantly, there were no studies
assessing the performance of PSA in a primary care
population. Insufficient data was available to assess the
diagnostic accuracy of PSA for clinically significant pros-
tate cancer. Furthermore, all included studies had a high
risk of bias in at least one QUADAS domain.
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Table 1 Risk of bias assessment of included studies using QUADAS-2 tool
Study RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX REFERENCE FLOW AND PATIENT INDEX TEST REFERENCE
SELECTION TEST STANDARD TIMING SELECTION STANDARD
Abdrabo et al ? ? ® ® ® © ®
Agnihotri et al ® © Q) ® ® © ®
Aragona et al @ © ® ® ® @ @
Changet al @ E ® ® @ ? @
Chavan et al @ @ ® @ @ @ @
Galic et al @ @ ? @ @ @ @
Hofer et al ® @ ® ® ® @ ®
Lee et al 2 © ® © ® © ®
Magistro et al i ? H | ® ? @
Meigs et al ? @ ® ® ® @ @
Nordstrom et a/ @ @ ® ® @ @ @
Patel et al ? @ ® @ @ @ @
Pepe et al B @ ® @ @ @ ?
Rashid et al i @ ® @ @ @ @
Richie et al @ @ ® @ @ @ ®
Seo et al @ @ ® @ @ @ ®
Shahab et al ? © ® ® ® © ®
Tauro et al @ @ @ @ ® @ ®
Wymenga et al @ @ @ ® ? @ ®
OLow Risk ®High Risk ? Unclear Risk

Comparison to existing literature

Harvey et al. [10] published a systematic review of the
diagnostic accuracy of PSA for prostate cancer in Euro-
pean populations, focused on studies published between
1998 and 2008. Individual study level data from 10 in-
cluded papers was reported, though without estimating a
combined level of accuracy. They considered the

accuracy of PSA for all prostate cancer types overall and
showed a range of accuracy estimates similar to this
study. Over half of the studies included in this review
were published since the review by Harvey et al. A re-
view of clinical features of prostate cancer in primary
care by Young and colleagues [34] in 2015 identified one
study from 1989 of 287 patients referred from primary
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Fig. 2 Summary of QUADAS-2 risk of bias assessments

care with bladder outlet obstruction, of whom 211 had a
PSA test. High levels of sensitivity (89.5%) and specificity
(90%) were reported, but Young and colleagues consid-
ered the true level of accuracy was likely to be lower
given few patients with a normal PSA level had the ref-
erence test for prostate cancer.

Strengths and weaknesses

This study benefited from a rigorous, focused, methodo-
logical approach in conducting the review. All clinical
settings were eligible, ensuring we found as many rele-
vant studies as possible. Most included studies employed
PSA in a similar manner, using similar indications and
diagnostic  thresholds, allowing for cross-study
comparisons.

The evidence for the association between lower urin-
ary tract symptoms and prostate cancer, particularly
clinically significant prostate cancer, is equivocal. A
number of secondary care studies suggest that symptoms
do not discriminate well between prostate cancer and
benign prostatic hypertrophy [35, 36]. This assumption
is largely untested in primary care populations and con-
trasts with studies showing that the majority of patients
diagnosed with prostate cancer present to their GP with
LUTS prior to diagnosis [37—40]. This controversy also
means that LUTS and other relevant symptoms may not
be reported or be the focus of some potentially relevant
studies of PSA for prostate cancer and may have limited
the sensitivity of the search strategy employed. However,
key papers were picked up by the database searches and
the majority of PSA studies will likely be focused on
screening in asymptomatic populations.

All included studies employed TRUS biopsy as a refer-
ence test, with some also including pathological data ob-
tained from urological procedures on the prostate.
TRUS biopsy is recognised as having poor sensitivity as

a diagnostic test [41], owing to the inability to visualise
lesions within the prostate resulting in a random sam-
pling of the gland, and thus misclassification bias.
Reporting of histological classification of prostate can-
cers was only included in three studies, and each pre-
sented this data differently. Insufficient data was
available to determine a relationship between PSA and
clinically significant prostate cancer, which is a crucial
consideration for the optimal use of PSA for prostate
cancer detection. Most included studies only performed
the reference test on patients with a raised PSA or ab-
normal prostate examination, introducing partial verifi-
cation bias. Therefore, the true sensitivity of PSA in
symptomatic patients is unknown and likely to be lower
than reported.

Implications for research and practice

PSA is a commonly used test to assess for the presence
of prostate cancer, mostly in a primary care setting, and
is recommended as part of the assessment of patients
with LUTS in national guidelines [42—44]. The lack of
primary care evidence for the use of PSA to detect pros-
tate cancer is known and is not the only condition for
which secondary care evidence has been applied to pri-
mary care guidance [45]. Even so, this is a major gap in
knowledge, as spectrum bias means that secondary care
data (or screening data) do not translate to primary care.
High-quality studies in primary care populations are
needed to fill this gap, and future studies should report
not just on prostate cancer per se but on clinically sig-
nificant cancer as well. The introduction of more accur-
ate diagnostic tests for prostate cancer, including
multiparametric magnetic resonance imaging [41], in-
creases the need for better understanding of the role of
PSA in the early detection of symptomatic prostate can-
cer. PSA performance could also be enhanced by
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Table 3 Diagnostic accuracy of PSA = 4 ng/mL for prostate cancer detection in symptomatic patients
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Author Year Sensitivity Specificity Positive predictive value Negative predictive value
Abdrabo 2011 092 024 035 0.87
Agnihotri 2014 0.99 0.05 0.59 0.80
Aragona 2005 0.92 0.15 0.38 0.76
Chang 2015 0.89 0.09 0.19 0.76
Chavan 2009 0.96 0.03 0.18 0.79
Galic 2003 091 032 047 0.85
Hofer 2000 092 0.29 046 0.85
Meigs 1996 061 0.74 034 0.89
Rashid 2012 0.72 046 0.28 0.85
Richie 1993 0.82 048 0.31 0.90
Seo 2007 0.98 0.04 033 087
Shahab 2013 0.98 0.19 0.13 098
Tauro 2009 1.00 0.38 040 1
Wymenga 2000 0.95 0.16 044 082
Studyld : SENSITIVITY (25% CI) Studyld : SPECIFICITY (25% CI)
l l
Wymenga/2000 1'[ 0.5 [0.02 - 0.97] Wymenga/2000 ﬂ1| 0.16[0.13-0.20]
Tauro/2008 —:—l 1.00 [0.85 - 1.00] Taurci2002 : —— 0.28 [0.27 - 0.50]
Shahsbi2013 —:—l 0.08 [0.82 - 1.00] Shahsb/2012 ; 0.20[0.18 - 0.24]
Seo/2007 i ® | 08apos-0.80 Seo2007 | W i 0.04 [0.03 - 0.05]
Richie/1983 —— : 0.82 [0.77 - 0.86] Richie/1283 : - 0.48 [0.45 - 0.51]
Rashidi2012 — : 0.72 [0.57 - 0.84] Rashid/2012 : —— 0.48 [0.28 - 0.54]
Meigsitoos | —@— : 0.81[0.55- 0.67] Meigs/1008 : ® | o074[072-077]
Hofer/2000 —QI— 0.62 [0.82-0.97] Hofer/2000 :—i—— 0.20 [0.22 - 0.39]
Galic/2002 —IBI— 0.81 [0.77 - 0.98] Galic/2003 :—!— 0.32 [0.20 - 0.46]
Chavani2009 —E—Ii— 0.06 [0.80 - 0.99] Chaven/2000 | @ i 0.03 [0.02 - 0.05]
Chang/2015 —uJI— 0.80 [0.75 - 0.98] Changi2015 .- : 0.09 [0.05- 0.14]
Aragona/2005 ﬂ 0.62 [0.60 - 0.93] Aragona/2005 . : 0.15[0.14-0.17]
Agnihotrii2014 : ® | ooopes-1.00 Agnihotri/2014 . : 0.05 [0.02 - 0.08]
Abdrsbo/2011 —n!— 0.02[0.78 - 0.98] Abdraboi2011 -Irﬂ— 0.24 [0.18 - 0.35]
l l
1 |
COMBINED <P 0.92[0.88 - 0.95] COMSINED 0.20[0.12 - 0.33]
: Q=1250.55, df = 12.00, p= 0.00 : Q=3332.00, df = 13.00, p= 0.00
: 12 = 08 07 [08.76 - 02.17] : 12 = 00.61 [00.56 - 00.67]
T T T T
0o SENSITMITY L 22 SPECIFICITY t
Fig. 3 Forest plot of included studies using PSA cut-off of 4 ng/mL
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incorporating additional relevant clinical data in multi-
variable risk models [46], although only one has been
validated in primary care [47].

Primary care clinicians are generally aware of the limi-
tations of PSA testing [48], and clinical guidelines en-
courage a balanced discussion with patients of the
potential benefits and harms of relying on PSA to detect
prostate cancer [3, 49]. The findings of this review sug-
gest this is a pragmatic approach in providing care to pa-
tients with LUTS. False-positive PSA results can also
occur from non-cancer conditions affecting the prostate
such as benign prostatic hypertrophy or prostatitis, fur-
ther limiting the clinical utility of the test for prostate
cancer detection. Alternative tests to PSA have been ex-
tensively researched [50, 51], and some show promise of
improving the level of confidence in detecting prostate
cancer, though none has entered primary care practice
as yet.

Conclusions

Published evidence from almost entirely secondary care
based studies suggests that PSA has high sensitivity and
low specificity for the diagnosis of prostate cancer in
symptomatic patients. Published studies suffer from a
number of biases, which probably overestimate the ac-
curacy of PSA, and there were no included studies asses-
sing the accuracy of PSA in a primary care population.

The utility of PSA for the diagnosis of clinically signifi-
cant prostate cancer in primary care remains unclear
and needs urgent study. A major focus of such a study
would be to identify patients with clinically significant
cancer, warranting radical treatments, whilst avoiding
exacerbating the issue of overdiagnosis of clinically insig-
nificant prostate cancer.
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