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Abstract

Background: Being diagnosed with cancer, irrespective of type initiates a serious psychological concern. The increas-
ing rate of detection of indolent prostate cancers is a source of worry to public health. Digital rectal examination and
prostate-specific antigen tests are the commonly used prostate cancer screening tests. Understanding the diagnostic
accuracies of these tests may provide clearer pictures of their characteristics and values in prostate cancer diagnosis.
This review compared the sensitivities and specificities of digital rectal examination and prostate-specific antigen test
in detection of clinically important prostate cancers using studies from wider population.

Main body: We conducted literature search in PubMed, Medline, Science Direct, Wiley Online, CINAHL, Scopus,
AJOL and Google Scholar, using key words and Boolean operators. Studies comparing the sensitivity and specificity
of digital rectal examination and prostate-specific antigen tests in men 40 years and above, using biopsy as reference
standard were retrieved. Data were extracted and analysed using Review manager (RevMan 5.3) statistical software.
The overall quality of the studies was good, and heterogeneity was observed across the studies. The result compara-
tively shows that prostate-specific antigen test has higher sensitivity (P<0.00001, RR 0.74, Cl 0.67-0.83) and specificity
(P<0.00001, RR 1.81, Cl 1.54-2.12) in the detection of prostate cancers than digital rectal examination.

Conclusion: Prostate-specific antigen test has higher sensitivity and specificity in detecting prostate cancers from
men of multiple ethnic origins. However, combination of prostate-specific antigen test and standardized digital rectal
examination procedure, along with patients history, may improve the accuracy and minimize over-diagnoses of indo-
lent prostate cancers.

Keywords: Sensitivity, Specificity, Digital rectal examination (DRE), Prostate-specific antigen test (PSAT), Prostate-
specific antigen (PSA)

1 Background

Cancers irrespective of the type, are generally perceived
as deadly disease [1]. The increasing rate of prostate
cancer has become worrisome; as it now constitutes the
sixth global leading cause of deaths from malignancies
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in men [2, 3]. A high proportion of men, especially those
within the age of 40 years and above, suffer from prostate
cancer (PC), with one out of every seven men at risk of
developing PC in his lifetime [4—6]. According to stud-
ies, although high proportion of men die from prostate
cancer-related complications, about 23 to 66% of men
diagnosed with prostate cancer would never have clinical
symptoms [7, 8]. Further review of autopsies, clinical and
epidemiological studies in the USA to evaluate the rate of
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PC over-diagnosis found that 1.7 to 67% of prostate can-
cer cases were due to over-diagnosis [8].

Globally, prostate cancer (PC) accounts for 13.3% out
of more than 9.6 million diagnosed cases of cancers [9].
In 2008, PC constituted 899,000 new cases and 258,000
deaths and increased to 1.1 million new cases and
307,000 deaths in 2012 [10-12]. In 2018, over 1.28 mil-
lion cases of PC were reported with the disease projected
to hit 1.7 million new cases and 499,000 deaths by 2030
[1, 3].

Report [8] on racial variation shows that prostate can-
cer predominantly affects black men (248.5 per 100,000
men) compared to white men (156.7 per 100,000). In
addition, recent evidence has implicated a genetically
transferable risk allele in African ancestry to prostate
cancer [13]. However, the incidence per 100,000 popu-
lation is approximately 50-fold in developed countries,
for instance, 178.8 in USA and 3.9 in India compared to
Africa [1]. Studies have suggested that the variation in
prostate cancer incidences across regions might be due
to over-diagnoses from predominant usage of prostate-
specific antigen test [8]. Unfortunately, there are limited
studies on contending alternatives to prostate-specific
antigen test in diagnosing prostate cancers that may
require treatment. Studies that compared the sensitivi-
ties and specificities of various prostate cancer screening
tests had limited their data to specific ethnic groups. In
this review, we hope to compare the benefits of these two
widely used prostate cancer screening tools using studies
conducted on wider populations.

2 Main text

2.1 Materials and methods

Information technology has improved access to the
numerous best published literature for possible evidence-
based decision making in the health sector. According
to reports, evidence-based policies are best made using
summarised reports from many findings of the contem-
porary research experts [14].

2.2 Study design

This study was underpinned on the checklist for the pre-
ferred reporting items for systematic review and meta-
analysis (PRISMA) framework. Five major steps guided
this study: identifying a clear research question, a system-
atic search of electronic databases for relevant studies,
defining criteria for inclusion and selection of articles,
data extraction, and data analysis and reporting of find-
ings. The primary research question that guided this
review was "What are the sensitivities and specificities of
digital rectal examination and prostate-specific antigen
tests in clinical detection of prostate cancers?”
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2.3 Search strategy

Literature search was systematically conducted on eight
databases: PubMed, Medline, Science Direct, Wiley
Online, CINAHL, Scopus, AJOL, and Google Scholar
using key words and phrases joined by the Boolean oper-
ator “AND”. The key words used in the search process are:
digital rectal examination “AND” prostate cancer; digital
rectal examination “AND” prostate cancer “AND” accu-
racies; digital rectal examination “AND” prostate cancer
“AND” sensitivity “AND” specificity. Database filters were
used to limit literature hits to peer-reviewed articles pub-
lished in English language (only), from 1 January 2006 to
31 December 2019. Besides, reference lists of the iden-
tified studies were also scrutinized for possible eligible
studies.

2.4 Eligibility criteria

Two members of our research team (E.A and N.S) inde-
pendently screened the retrieved studies for eligibil-
ity and relevance. The eligibility criteria for inclusion of
studies was underpinned in participant, intervention,
comparison, and outcome (PICO) framework. Only the
studies whose participants were 40 years and above were
included. Interventions in the studies were digital rectal
examination and prostate-specific antigen tests, and the
outcome was positive prostate cancer diagnosis. Only
studies that used biopsies as reference standard were
include. In addition, only studies published from 2006 to
2019 in English language were included. The study selec-
tion flow chart is presented as the PRISMA flow diagram

(Fig. 1).

2.5 Quality appraisal and studies selection

Two independent researchers (E.A and N.S) also assessed
the qualities of all the retrieved studies using the quality
assessment tool for diagnostic accuracy studies (QUA-
DAS) and the Standards for Reporting Diagnostic accu-
racy studies (STARD) adapted for diagnostic studies
[15]. These quality assessment tools were combined to
ensure accuracy and rigor [15]. The adequacy of sample
size, method of recruitment and the use of independent
blind assessment in the measurement of outcome were
assessed in each study using twelve-items scale (Table 1).
Studies with a total score of eight (8) points and above
were considered to be of high qualities, while those who
scored lesser were considered to have high risks of bias.

2.6 Data extraction

Two independent reviewers extracted data from the
studies that met the inclusion criteria. Where conflict-
ing opinions were observed, a simple consensus of the
research team members were adopted. Domains of
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Studies retrieved through
databases (n=1613)

Studies accessed through
Reference lists (n=6)

Total prospective studies

to be screened (n=1619)

A 4

Total studies
screened (n=753)

Rejected due to
duplication (n=866)

A 4

by abstract (n=136)

Total studies screened

Rejected further
by Title (n=617)

A 4

Total studies screened
for full text (n=24)

Rejected by
abstracts (n=112)

y

studies included in
the review (n=8)

Fig. 1 PRISMA studies selection flow chart
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criteria; methodology
and content (n=16)
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variables extracted from the included studies were: were
the last name of the first authors, year of publication,
study design, study setting, sample size, intervention or
method of data collection, expertise of the experiment-
ers, outcome of the intervention (sensitivities and specifi-
cities), and summary of key reported findings (Table 2).

2.7 Statistical analysis

Statistical analyses were performed using review man-
ager, RevMan (version 5.3). The specificities and sensi-
tivities were computed against their respective confirmed
cases from biopsies. Forest plots for overall sensitivity
and specificity of the diagnostic tests (PSAT and DRE)
were computed, and the heterogeneity of the included
studies were assessed using eye ball tests. Publication
bias was estimated using funnel plots, with asymmetri-
cal plots suggestive of possible publication bias [16]. Null
hypothesis was theoretically assumed and P value  0.05
was taken as indication for any variable to be statistically
significant (Figs. 2, 3).

3 Results

A total of 1619 studies were identified from the search as
potential eligible studies. Majority of these studies were
accessed through Google scholar than other databases.
However, only eight studies met the inclusion criteria
and were included for data extraction and final analysis
(Fig. 1).

Table 1 Methodological quality appraisal of included studies using QUADAS AND STARD

Study

Q1

Q2

Q3 Q4 Q5

Q6

Q7 Q8 Q9 Q10 Q12 Yes score

Walsh et al. [18]

De et al. [20]
Ojewola et al. [21]
Al-Rumaihi et al. [29]
Abdrabo et al. [31]
Ahmed et al. [17]

Alonso-Sandoica et al. [7]

Issaetal. [19]

<~ < < < < < C <
<~ < < < < < < <

< < < < < < <
< < < < < < <
< < < < < < <

Y Y Y

< < < < < < =<

Y

1

zZz CcCczC =z =z

< < < < < =<
ccczcCczC
cczzzz <
< < < < < < =<
© © ® ® W ®w O

u Y U N N

<
[ee}

Y yes, U unclear, NA not applicable, QUADAS Quality Assessment for Diagnostic Accuracy Studies, STARD Standards for Reporting of Diagnostic Accuracy Studies

Q1. Were the spectrum of participants a representative of the patients who will receive the test in practice?

Q2. Were selection criteria clearly described?

Q3. Is the time period between reference standard (biopsies) and index test (DRE) short enough to be reasonably sure that the target condition did not change
between the two tests?

Q4. Did the whole sample or a random selection of the sample receive verification using a reference standard of diagnosis?

Q5. Did patients receive the same reference standard regardless of the index test result?

Q6. Was the execution of the index test described in sufficient detail to permit replication of the test?

Q7.Were the index test results interpreted without knowledge of the results of the reference standard?

Q8. Were the reference standard results interpreted without knowledge of the results of the index test?

Q9 Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?

Q10. Were un-interpretable/intermediate test results reported?

Q11.Were Sensitivity and specificity results presented with their respective confidence intervals?

Q12. Were the demographic characteristics of participants described?
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Table 3 Detection accuracy of prostate cancer using DRE and PSAT
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Studies Sample size Sensitivity (%) Specificity (%) Population Confirmed PC False-positive
with suspicious cases after biopsy cases of PC
test results

DRE PSAT DRE PSAT DRE PSAT DRE PSAT DRE PSAT

Sunanda et al. [20] 60 60.0 95.0 925 46.6 15 60 9 20 6 40

Walsh et al. [18] 1451 81.0 350 40.0 36.0 74 1348 36 69 38 1279

Ojewola et al. [21] 168 75.7 94.6 44.7 202 108 145 56 74 52 71

Al-Rumaihi et al. [29] 651 46.1 939 84.7 85 155 615 83 360 72 255

Abdrado et al. [31] 118 63.8 916 46.9 24.0 49 118 23 36 16 82

Ahmed et al. [17] 194 481 96.3 133 257 66 148 26 54 40 94

Alonso-Sandoica et al. [7] 706 432 520 89.2 56.0 141 706 86 199 55 507

Issaetal. [19] 628 46.0 80.0 56.0 72.0 281 604 134 293 147 311

3976 862 3744 453 1105 426 2639

Numbers in bold provide comparative figures for false positive cases of PC (over-diagnoses) between PSAT and DRE

DRE digital rectal examination, PSAT prostate-specific antigen test, PC prostate cancer

A total of 3976 men participated in the eight stud-
ies analysed, all of whom were 40 years and above. The
studies were conducted in seven different countries:
Nigeria, Spain, USA, Qatar, Ireland, India and two stud-
ies in Sudan. At least one researcher in each of the stud-
ies was a Urologist, and three studies (36%) reported that

digital rectal examination was performed by experts [3,
17, 18]. The characteristics of included studies are shown
in Table 2.

Result shows that PSAT has both higher sensitivity
(P<0.00001) at 95% (CI 0.67-0.83, risk ratio 0.74) and
specificity (P<0.00001) at 95% (CI 1.54-2.12, risk ratio

DRE PSAT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Tofal Weight 11K, Fixed, 95% CI I14, Fixed, 95% CI
e, D4 anf Mukherjee, 2014, o6 47 6 Notesfimatle
Walsh etal, 2014, 40145001481 0% 81.00(498 13160 —
ARumaiti et al, 2013 0681068 4% QA4[A791861) —
Ojewalg, etal, 2013, 180 20 168 6% 225(130 364) -+
Aocraho Fadllaand Fadk-Emulg, 2011, 47 118 24 118 116%  196(1.28, 299 -+
Ahmed, etal, 2009, 1310426 194 125% 040026, 0%4) —
Alonso-Sandoica, etal, 2008, 0 706 & 706 0% 159(116,218) +
lss3, etal, 2008, 68 72 618 MM 078[056 1.0
Tofal (35%C1) 3076 076 1000%  181]1.54,247] {
Total events 48 il
Heterogensly, ChF= 7221, = P < 0.00001): = 02% Ium 011 150 1[]0:
Testfor overallefiect 2= 7.26 < 00001) ' ' ORE PSUT
Fig. 2 Forest plot: sensitivity DRE versus PSAT
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DRE PSA Risk Ratio Risk Rafio
Study or Subgroup Events Total Events Total Weight M.H,Fixed, 95%CI 1-H, Fixed, 95% CI
De, Das and Mukherjee, 2014, B0 60 9 60 Not esfimable
Walsh, etal, 2014, B11451 36 1461 B4%  231[167,342) -
Alonso-Sandoica, et al, 2006, 43 706 62 706 96% 083056122 T
Issa, et al, 2008, 46 628 80 628 147% 0A7(041,081) =
Ahdrabo, Fadlla and Fadk-Elmula, 2011, 64 118 92 118 169% 070(057,084) +
A-Rumaini, etal, 2013, 46 651 04 651 173% 049(0.35,068) -+
Ojewola, etal, 2013, 76168 95 168 175% 080(0.65,099) +
Ahmed, etal, 2009, 48 194 96 194 176% 0.50(0.38 0.66] +
Total {35% C) 3976 3976 1000%  0.74[0.67,083) \
Total events 464 639
Heterogenedty Chi*= 48.40,df= 6 (P < 0.00001); F = 88% lum 0*1 1=[J 100’
Testfor overall effect 2= .35 (P < 0.00001) ' Févours ORE Farours PSA
Fig. 3 Forest plot: specificity DRE versus PSAT

1.81) compared to DRE in the detection of true pros-
tate cancers (Figs. 2, 3). Chi-square test showed that the
studies were heterogeneous, with I? of 88% for sensitiv-
ity and 92% for specificity, respectively. Eye ball test of
Funnel plots showed a range of publication bias, sug-
gesting that the studies analysed may not have been the
true representative of valid studies undertaken or pub-
lished on DRE and PSAT (Figs. 4, 5).

4 Discussion

Out of the 3976 overall participants in the studies ana-
lysed, 862 (22%) had suspicious digital rectal exami-
nation (DRE) results while 3744 (94%) had elevated
prostate-specific antigen test (PSAT) results. However,
453 (52%) of population with abnormal DRE results
compared to 1105 (30%) of sample with elevated PSAT
were confirmed through biopsies to have prostate cancer

0 SE0aIRRI)

o1+

0.2

0.4

1
0.3+ : e}
r

RR

0.5 t
0.01 0.1

Fig. 4 Funnel plot: specificity (RR)
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(Table 3). This suggests that as high as 2639 (70%) against
426 (48%) of population with abnormal PSAT and DRE
results, respectively, were false-positives. This finding is
similar to earlier study reports [8], that up to 67% of pros-
tate cancer (PC) cases are due to over-diagnoses in indi-
viduals who will never develop clinical symptoms of PC
throughout lifetime.

While there are likelihood for human errors during
screening tests, studies have shown that the sensitivity of
prostate-specific antigen tests (PSAT) are dependent on
pre-set threshold and may be higher for general prostatic
diseases [19]. For instance, in two of the studies analysed
[20, 21], out of 651 and 168 participants with abnormal
PSAT results, only 17.6% and 44% had prostate cancer,
while 56% and 42.2% respectively were cases of benign
prostate hypertrophy (BPH). On the other hand, DRE has
also been reported as non-cancer specific. This is because
of its ability to detect all forms advanced tumours of vari-
ous types and aetiologies. Beside this, inter-observers
variability has been consistently reported in DRE screen-
ing [22]. This may be due to the differences in expertise,
length of observers’ index finger and patients’ positioning
and compliance during the procedure.

Also, this study also found that PSAT has higher sen-
sitivity and specificity (RR 1.81, CI 1.54-2.12) compared
to DRE (RR 0.74; CI 0.67-0.83). However, it is important
to observe that the sensitivities between PSAT and DRE
in this study are within close margin compared to their
specificities, suggesting the usefulness of both tools as PC
screening tools. The overall effects of sensitivity and spec-
ificity in the studies analysed was statistically significant

(P<0.00001); an evidence that the differences in the sen-
sitivities and specificities between DRE and PSAT in the
studies analysed may have not occurred by chance. Ear-
lier meta-analyses that compared these prostate cancer
screening tools reported that DRE was more sensitive
to abnormal growths, especially in detecting advanced
tumours requiring treatment [23, 24]. This report further
supports the marginal closeness of the specificities of
both tools in this study.

Similarly, a meta-analysis of thirteen studies conducted
on participants from the same ethnic group reported a
pooled sensitivity and specificity for PSAT as (72.1% and
93.2%) compared to DRE (53.2% and 83.6%), respectively
[24]. Although there are slight variation with the find-
ing of this study, this may be due to the wide difference
between the studies and sample sizes used in the two
meta-analyses. Nevertheless, a more recent meta-analy-
sis that evaluated the diagnostic values of PSAT, DRE and
Trans-rectal ultrasound (TRUS) among Caucasians using
13 randomised control trials also reported higher sensi-
tivity of PSAT (91.3%) compared to DRE (68.4%) com-
pared to this study [25]. These suggest that PSAT may be
more specific in a wide range of ethnic population.

Beside these, arguments on what value constitute
the best benchmark for diagnosing PC using PSAT has
remained a controversial one [26]. While most medical
institutions currently use 4.0 ng/ml as cut-off value for
PSAT, researchers have suggested that increasing this
value to 5.2 ng/ml may be a head-way towards reducing
the rate of over-diagnosis of indolent PCs, while reduc-
ing the cut-off value of PSAT to 3.0 ng/ml would promote



Okpua et al. AfrJ Urol (2021) 27:32

potential under-diagnosis [20, 26]. On the other hand,
experts have argued that the fact that DRE were not
conducted by a single expert, there is a potential for the
inter-examiners variability on the results [27]. Evidence
show that examiners’ skill, patients’ positioning during
DRE, anal tone and the nature, including the length of
examiners’ index fingers, are the factors behind the varia-
tion seen across different DRE results [28].

While these important points need not to be over-
ruled, studies conducted in Sudan [29] and USA [30]
revealed that combining patients” health histories, clini-
cal and demographic characteristics with PC screening
tools may enhance their diagnostic performances. Simi-
larly, reports [3] show that about 42% of individuals with
cancers have been confirmed to have familial history,
suggesting the importance of combining clinical assess-
ments with patients information in PC diagnosis. There-
fore, the inclusion of individuals’ ethnicity, family and
health histories as part of complete PC screening may
be useful in assessing high-risk individuals and making
more diagnoses of clinically important PCs that require
treatment.

5 Limitations

A number of limitations needs to be considered while
interpreting the result of this study. First, the difficulty
in locating all relevant studies using conventional search
strategies is a well-established challenge. Although
we employed a broad and purposeful search protocol,
including full text review of 69 journal articles, unpub-
lished dissertations and abstracts from conferences, the
possibility of having omitted relevant studies cannot be
over-ruled with ease. Secondly, some of the cohort stud-
ies included used small sample sizes less than 61 sub-
jects, with most not reporting their results in confidence
intervals. Studies with higher population may provide a
stronger evidence.

6 Conclusion

Prostate-specific antigen tests have higher sensitivity
and specificity in detecting prostate cancers from men of
multiple ethnic origins. Combination of PSAT and stand-
ardized DRE procedure, along with patients history, may
improve the accuracy and minimize over-diagnoses of
indolent prostate cancers.
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