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Abstract

Background Racial disparities associated with pathogenesis and progression of prostate cancer makes a global diag-
nostic prostate-specific antigen (PSA) cut-off value inappropriate. Our review aimed to evaluate the pooled sensitivity
and specificity of PSA and its surrogates, and to systematically synthesize the optimum thresholds for the detection

of prostate cancer in sub-Saharan Africa.

Methods This was a systematic review of 6861 peer-reviewed literature from five databases: MEDLINE, PubMed,
CINAHL, African Journal Online and Academic Search Complete, last search was in September 2022. Studies reporting
the diagnostic accuracy of PSA and/or its surrogates towards the detection of prostate cancer in patients, using histol-
ogy of prostate biopsy as the reference test for cancer diagnosis, were included. Studies that did not report sensitivity
and/or specificity, or histology diagnosis of prostate cancer were excluded. Risk of bias assessment was conducted
using quality assessment of diagnostic accuracy studies (QUADAS) by two independent investigators. Random effect
model of meta-analysis was performed using Comprehensive Meta-Analysis version 3.

Results Thirteen (13) studies of males diagnosed with prostate cancer were included—10 studies reported PSA
sensitivity/specificity/both; 4 reported on PSA surrogates (3 reported %freePSA, and 1 reported PSA density). We
conducted 2 meta-analyses to pool the diagnostic accuracy of PSA and %freePSA. The sensitivity of PSA (n=10)

at the cut-off values of <4 ng/ml, 4-10 ng/ml,> 10 ng/ml were 86.8%, 93.1%, and 76.0% respectively; while specific-
ity (n=28) were 42.3%, 29.3%, and 28.8% respectively. The PSA cut-off of 4-10 ng/ml possessed the highest diagnos-
tic accuracy (55.7%). The specificity (91.5%) and diagnostic accuracy (84%) of %freePSA (n=3) was best at cut-off
value < 10%.

Conclusion Having the highest diagnostic accuracy individually, a combination of PSA 4-10 ng/m!
and %freePSA < 10% may be a more appropriate criteria for deciding eligibility for prostate biopsy among males
in sub-Saharan Africa.

Keywords Prostate cancer, Diagnostic accuracy, Prostate specific antigen, PSA surrogates, Sub-Saharan Africa

*Correspondence:

Ifeyinwa Dorothy Nnakenyi

ifeyinwa.nnakenyi@unn.edu.ng

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12301-023-00372-4&domain=pdf
http://orcid.org/0000-0002-4771-4241

Okwor et al. African Journal of Urology (2023) 29:41

1 Background

Prostate cancer (PCa) is the main malignancy in terms of
incidence and death in males of African descent [1]. In
comparison to males from other regions of the world,
men of sub-Sahara African heritage tend to be more
affected by PCa [2]. It is a growing problem in Africa,
with approximately 28,006 deaths from the disease in
2010 [3], and a 104% increase in the prevalence of PCa
is predicted by 2030 [3], as life expectancy, access to
healthcare, and screening facilities improve in African
countries. Although high-income countries have a higher
incidence rate of PCa [1], the rate of PCa mortality is
higher in low- and middle-income countries, especially
sub-Saharan Africa [1]. The disparities in prostate can-
cer incidence and death reported between locations are
partly due to the availability of effective screening and
improved treatment methods, both of which are directly
linked to resources [4]. Notwithstanding the severe
impact of PCa in sub-Saharan Africa, there are no proven
primary prevention methods for PCa and no cures for
tumours that have advanced beyond the early stages.
Consequently, cancer care has focused on employing
screening tests to detect early-stage PCa and then treat-
ing it aggressively with surgery or radiation [5].

The prostate-specific antigen (PSA) assay is arguably
the most efficient cancer screening test for PCa, espe-
cially when performed in conjunction with a digital rectal
examination (DRE) [6]. However, it is not exclusive to PCa
since it is also increased after prostate gland manipula-
tion, urinary tract infection, and benign prostate illnesses
such as benign prostatic hypertrophy and prostatitis.
Despite its shortcomings, PSA testing has increased over
time, but routine PCa screening has been hampered by
ambiguity regarding the efficacy of PSA-based screening
and treatment for prostate-related morbidity and mortal-
ity [7]. For example, the American College of Physicians
[8] and the United States Preventive Services Task Force
[9] both reported inconclusive evidence regarding the
diagnostic accuracy of PSA in detecting PCa, whereas
Schroéder et al. [7] and Tsodikov et al. [10] both reported
conclusive evidence, casting doubt on PSA’s diagnos-
tic performance. One critical problem with PSA testing
is overt sensitivity and low specificity leading to over-
diagnosis and treatment of latent cancer that would not
have shown clinically [11]. The weakness of PSA i.e. total
PSA (tPSA) has paved the way for PSA surrogates such
as percent free PSA (%fPSA), PSA density, PSA velocity,
and PSA slope as they reportedly increase the specificity
of PSA in the diagnosis of PCa [12—14]. Notwithstanding,
their diagnostic accuracy is hitherto not well established.
Because of the global disagreement about PSA’s diagnos-
tic accuracy, different medical societies have different
guidelines for prostate cancer screening using PSA [15,
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16]. This may be due to racial and ethnic differences in
PCa aetiology, especially as blacks secrete more PSA per
unit tissue than Caucasians [17], hence PSA may be less
sensitive and specific for PCa across racial lines.

Therefore, it is critical to analyze and establish the
diagnostic performance of PSA and its surrogates across
racial lines. The diagnostic accuracy of PSA has been
reported with conflicts in sub-Saharan Africa. For exam-
ple, PSA sensitivity and specificity of 96.3% and 18.2%
respectively were reported in Nigeria [18], whereas
the sensitivity of 53.3% and specificity of 37.1% were
recorded in South Africa [19]. The unpredictability of
the PSA test’s diagnostic accuracy lies at the heart of this
argument. Thus, we aimed to synthesize the pooled sen-
sitivity and specificity of PSA and its surrogates for the
detection of PCa in Sub-Saharan Africa in a systematic
way. Our specific objectives were:

1. To synthesize the pooled sensitivity of PSA and its
surrogate for PCa

2. To synthesize the pooled specificity of PSA and its
surrogate for PCa

3. To ascertain the optimum cut-off values of PSA and
its surrogate for PCa

2 Main text

2.1 Design

This was a systematic review of observational studies. We
structured the protocol following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline [20]. The protocol was registered
with PROSPERO (CRD4202233690).

2.2 Eligibility criteria

2.2.1 Study characteristics

In this review, we included peer-reviewed literature writ-
ten in English language. Studies in which sensitivity and
specificity of PSA were measured for screening of symp-
tomatic or asymptomatic cases of PCa were included. We
were not restricted to sample size, tumour stage, and test
statistics. Diagnosis of PCa was verified with a reference
test (histology of prostate biopsy). We excluded studies if
sensitivity and/or specificity were not reported or when
it was not possible to extract data for a complete two-by-
two table for the target condition.

2.2.2 Participants

In this review, we considered studies that involved males
of sub-Saharan origin with PCa who had no prior history
of the disease. Participants’ age was not a limiting factor
in this review.
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Fig. 1 PRISMA flow diagram of the systematic review of the sensitivity and specificity od prostate-specific antigen and its surrogates

towards the detection of prostate cancer in sub-Saharan Africa (2001-2018)

2.2.3 Index test

The index test in this review was PSA measured in
nanograms per millilitre (ng/mL) in a peripheral blood
sample. There were no pre-determined PSA levels;
rather, the PSA thresholds utilized in each research
were recorded during data extraction.

2.2.4 Target condition

Prostate cancer was the target condition in this review.
No limitation based on Gleason grade or tumour stage
was imposed.

2.2.5 Reference test

The reference test was histology of prostate biopsy.
We included studies regardless of the prostate biopsy
method used.

2.3 Information sources and search strategy

Using Medical Subject Headings (MeSH), searches
were conducted in five databases: PubMed, MED-
LINE, CINAHL, African Journal Online and Aca-
demic Search Complete and keywords were found in
the title, abstract, and/or text of the publications. The
search strategy was piloted in PubMed. MeSH terms
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Table 3 Study characteristics of studies examining the sensitivity and specificity of PSA combined with the digital rectal examination
in sub-Saharan Africa

Authors Sensitivity per cut-off Specificity per cut-off

<4 ng/ml (%) 4-10 ng/ml (%) >10 ng/ml (%) <4 ng/ml (%) 4-10 ng/ml (%) >10 ng/ml (%)

Abdrabo et al. 2011 [31] 91.60 Na Na Na 24 Na
Manyahi et al. 2009 [32] na na 100 Na na Na
Mbaeri et al. 2018 [23] na 100 89.69 Na 0 30.88
Ojewola et al. 2013 [24] Na 703 Na Na 64.9 Na
Oranusi et al. 2011 [25] Na 100 Na Na nr Na

na: not applicable; nr: not reported

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z.Value p-Value
Amayo & Obara, 2004 0898 0822 0944 6583 0.000
Niang et al. 2011 0655 0615 0693 7289  0.000 ®
Oranusi et al. 2011 0950 0897 0976 7.401 0.000

0868 0595 0967 2464 0.014
2.00 -1.00 0.00 1.00 2.00

a: Sensitivity at < 4ng/m] 86.8% (95% CI 59.5-96.7%). I*'= 9595, Egger's t=11.877, p = 0.054

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z.Value p-Value
Amayo & Obara, 2004 0.370 0.281 0.468 -2.570 0.010 - ‘
Niang et al. 2011 0450 0410 0491 -2388 0.017 -
0423 0.350 0.499 -1.993 0.046 +
-2.00 -1.00 0.00 1.00 2.00

b: Specificity at <4ng/ml 42.3% (95% CI 35 —49.9%), I* = 54.55, Egger’s t: not applicable

Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper
rate limit limit Z-Value p-Value
Amayo & Obara, 2004 0.629 0531 0.718 2.550 0.011
Niang et al. 2011 0.327 0.290 0.367 -8.098 0.000 .

0472 0.208 0753 -0.178 0.859

-2.00 -1.00 2.00

c: Accuracy at <4ng/ml 47.2% (95% CI 20.8-75.3%), I* = 96.748, Egger’s t = No applicable
Fig. 2 Pooled Sensitivity, Specificity and Accuracy of PSA at<4 ng/ml

and keywords/free text terms were included in the pilot ~ reported after many combinations of these terms. The
search. The most sensitive technique was picked and sensitivity judgment was made based on appearances.
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Study name Statistics for each study CLvent rate and 95% CI
Event Lower Upper

rate limit limit ZNValue p-Value
Abdrabo et al. 2011 0.916 0.851 0.954 7.199 0.000
Amayo & Obara, 2004 0.837 0.761 0.897 6 043 0.000
Heyns et al. 2001 0.960 0.963 0.966 38 676 0.000
Mbaeri et al 2018 0. 991 0.963 0 998 6 404 0 000
Nnabugwu et al. 2014 0 963 0.909 0 986 6 654 0 000
Oranusi et al. 2011 0.992 0.948 0.999 4. 952 0.000
Tijani ot al. 2017 0.219 0.163 o0.288 -6.796 0.000 £ 3

0.931 0.703 0.987 2. 936 0.003

-2.00 -1.00 0.00 1.00 2.00

a: Sensitivity at 4-10ng/ml 93.1% (95% CI 70.3 — 98.7%), 1= 98.8, Egger’s t = 0.409, p = 0.699

Statistics for each study Event rate and 95% CI

Study name

CLvent Lower Upper

rate Himit Himit ZNValue p-Value
Abdrabo et al. 2011 0.240 0.171  0.326 -6.348 0.000 <o
Amayo & Obara, 2004 0.660 0.562 0.746 3.142 0.002 L ]
HMeyns ot al. 2001 0.255 0.241 0.269 .28.946 0.000 -
Mbaeri ot al. 2018 0.022 0009 0054 -8.027 0 000
Nnabugwu ot al. 2014 0.180 0.120 0260 -6.301 0 000
Tijani ot al. 2017 0.780 0711 0.836 6.776 0.000 -

0.293 0.136 0. 623 -1.772 0076 ——

2.00 -1.00 0.00 1.00 2.00
b: Specificity at 4-10ng/ml 29.3% (95% CI 13.6-52.3%). I = 98.02, Egger’s t = 0.574, p = 0.507
Study name _Statistics for each study Event rate and 95% CI
Event Lower Upper

rate it limit ZValue pValue
Abdrabo et al. 2011 0.449 0.362 0539 -1.106 0.269 E_ 3
Amayo & Obara, 2004 0747 0663 0823 4.707 0.000 L ]
Nnabugwu ot al. 2014 0.364 0.273 04486 -3.111 0.002 £
Tijani ot al. 2017 0657 0582 0725 3987 0. 000 L

0.667 0.380 0720 0.620 0. 636 —e—

2.00 1.00 0.00 1.00 2.00

c: Accuracy at 4-10ng/ml 55.7% (95% CI 38 — 72%), 12 = 93.23, Egger’s t = 0.177, p = 0.876
Fig. 3 Pooled Sensitivity, Specificity and Accuracy of PSA at 4-10 ng/ml

The strategy was tweaked to fit the remaining databases’
syntax and subject headers (MEDLINE, CINAHL, Afri-
can Journal Online and Academic Search Complete).
For possible identification of relevant studies, a refer-
ence list of selected papers and reviews was searched.

fine-tuned screening template with eligibility questions
to help with the screening process.

2.5 Selection process
The first screening of the title and abstract to identify
those that met the inclusion criteria was conducted by

2.4 Study records and data management NM. A trained research assistant downloaded full-text

The results of the literature search were directly
exported to EndNote 8, where they were de-duplicated.
We checked all bibliographic entries in EndNote 8 after
removing duplicate copies, and then chose articles
that met the inclusion criteria. We used piloted and

versions of selected articles. OCJ and NID undertook
full-text screening with conflict resolved in consulta-
tion with NM. A PRISMA diagram (Fig. 1) was used to
show the flow of studies throughout the selection pro-
cess, as well as the grounds for exclusion.
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z.Value p-Value
Manyahi et al. 2009 0.995 0.921 1.000 3.697 0.000
Mbaen et al. 2018 0.870 0.817 0.909 9.220 0.000
Nnabugwu et al. 2014 0.852 0.776 0.906 6723 0.000
Ojewola et al. 2013 0.003 0.000 0.045 -4.109 0.000
0.760 0417 0.934 1.519 0.129 —f
-2.00 -1.00 0.00 1.00 2.00
a: Sensitivity at >10ng/ml 76% (93% CI 41.7 — 93.4%), I = 91.45, Egger’s t = 0.549, p = 0.638)
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z.Value p-Value
Mbaeri ot al. 2018 0258 0203 0322 .6666 0.000 -
Niang et al. 2011 0364 0326 0404 -6422 0.000 -
Nnabugwu et al. 2014 0.333 0.254 0423 -3.641 0.000 E
Ojewola et al. 2013 0202 0148 0269 -7.149 0.000 L ]
0.288 0.218 0.371 -4.722 0.000 -
-2.00 -1.00 0.00 1.00 2.00
b: Specificity at >10ng/ml 28.8% (95% CI 21.8 - 37.1%), ’=84.4; Egger’s t=1.791, p=0.215
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z.Value p-Value
Nnabugwu et al. 2014 0447 0360 0538 -1.144 0.252 -
Ojewola et al. 2013 0.113 0073 0.170 -8.455 0.000
0244 0050 0664 -1.223 0.221 —
.2.00 1.00 0.00 1.00 2.00

c: Accuracy at >10ng/ml 24 4% (95% CI 3.0 — 66.4%), I' = 97.33, Egger’s t = Not applicable

Fig. 4 Pooled Sensitivity, Specificity and Accuracy of PSA at> 10 ng/ml

2.6 Data extraction and data items

To collect relevant data from each included study, a pre-
piloted data extraction template was employed. EOA
undertook the data extraction, with study data veri-
fied by MN. Sensitivity, specificity, and prevalence were
obtained, and where published estimates were not avail-
able, we obtained them from two-by-two tables for the
index and reference tests where complete data were
available.

2.7 Quality appraisal and risk of bias assessment
To strengthen the review’s rigor, we used the QUADAS-2
method [21] to assess the risk of bias and applicability of

all included research. Three investigators carried out this
independently (CJO, EOA and IDN). In consultation with
MN, conflicts were resolved.

2.8 Data synthesis and assessment of heterogeneity

Measures of heterogeneity, i.e. study characteristics, were
classified by year of publication and presented in an evi-
dence table in a narrative format (Table 1). We employed
a random-effect model of meta-analysis to pool the indi-
ces of diagnostic accuracy. In line with the Cochrane
Handbook for Systematic Reviews of Intervention [22],
we computed measure of heterogeneity (I?) and inter-
preted it as follows: 0-40% indicated low heterogeneity,
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Study name Statistios for eaoh study Event rate and 95% CI
Evemnt Lower Upper

rate Tt Tt LZNalue p-Value
Ezenws et al. 2012 0.714 0020 0.792 4 220 0.000 -
Tijani et al. 2017 0.432 0.269 0.508 1782 0.080 [ ]
Phin-Ramongane & Khine, 2018, 2018 0260 0,190 0348 .s0€8 0.000 -

0466 0240 0706 0207 0.790 —t—

2.00 -1.00 0.00 1.00 2.00

a: Sensitivity of %fPSA at 10% (46.6 (CI 24.0-70.6, I = 95.4, Egger’s t = 0.2453, p = 0.8469)

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit ZNalve pValue
Ccenwe st al. 2012 o.000 o.oz20 1.000 >.77e 0.000
Tijani etal. 2017 0.920 0.ses 0.953 8.563 0.000
Phiri.-Ramongane & Khine, 2018, 2018  0.810 0.721 0.870 ©.283  0.000 ®
0.915 0.771 0.971 40258 0.000 -t
-2.00 -1.00 0.00 1.00 2.00
5 = = , 2 — Q&% 3 . —_
b: Specificity of %fPSA at <10% (91.5% (CI177.1-97.1, 2 =85.0, Egger’s t = 1.306, p = 0.4161)
Study name _Statistics for each study Event rate and 95% CI
Event Lower Upper
rate timit timit Z-Value p-Value
Ezenwa et al. 2012 0.952 0890 0.980 e 5as 0000
Tijenl et al. 2017 .81 o.7Tar o.scoo 7,400 © 000 .
Phiri-Ramongane & Khine, 2018, 2018 0.082 0.005 0.707 4128 0000 .
0.840 o.e7e 0.930 3.527 0000 —
-2 00 1.00 0.00 1.00 2 00

c: Accuracy of %fPSA at <10% (84.0% (CI 67.6-93.0, 2 = 90.3, Egger’s t = 1.6893, p = 0.3388)

Fig. 5 Pooled Sensitivity, Specificity and Accuracy of %fPSA at< 10%

30-60% represented moderate heterogeneity, 50—-90%
represented substantial heterogeneity, and 75-100% indi-
cated considerable heterogeneity.

2.9 Data analysis

Data analysis was performed with the Statistical Package
for Social Sciences (SPSS) version 2, while meta-analysis
was performed with the Comprehensive Meta-Analysis
version 3. We pooled data (sensitivity, specificity and
accuracy) per cut-off values to obtain the summary esti-
mates and 95% confidence intervals. We assessed the
correlation between age, PSA and %fPSA using Pearson
correlation coefficient. To assess publication bias, Egger’s
test was utilized. A p-value of <0.05 was considered to be
statistically significant.

3 Results

A total of 6861 records were identified from PubMed
(5245), Medline (59), CINAHL (6), Academic Search
Complete (947) and African Journal Online (604). Fol-
lowing de-duplication, title and abstract screening, we
eliminated 996 records that were deemed irrelevant,
leaving 5865 articles for the title and abstract screening.
Twenty-one (21) full text were downloaded and screened.
Ultimately, 13 studies met the eligibility criteria and were
included in the systematic review (Fig. 1). Studies were
spread across six countries namely Nigeria (seven)[12,
13, 18, 23-26], South Africa (two)[27, 28], Kenya (one)
[29], Senegal (one)[30], Sudan (one)[31], and Tanzania
(one)[32]. Of the 13 studies, ten studies reported sensitiv-
ity of PSA, specificity of PSA or both (Table 1).



Okwor et al. African Journal of Urology (2023) 29:41 Page 10 of 16
Study name Statistics for each study Event rate and 95% C1
Event Lower Upper

rate limit limit ZNalve pValue
Ezenws et al. 2012 0367 0271 04853 2889 0004 -
Tijeni et al. 2017 0.700 0089 0819 ©202 0.000 -
Phiri-Ramongane & Khine, 2018, 2018 0.820 0 4232 0.co7 0. 442 0 co9 .

0.684 02317 0.7¢9 0.424 0.co4 ——

-2.00 -1.00 0.00 1.00 2.00

a: Sensitivity of %fPSA at <15% (55.4% (CI 31.7-76.9, 1 =053, Egger’s t = 1.199, p = 0.4425)

Study name Statistios for eaoh study Event rate and 95% CI
Event Lower Upper
rate Fimit timit ZValve pValue
Ezenws et al. 2012 0995 0929 1.000 3775  0.000
Tijeni et 8. 2017 0760 0089 0819 ©202 0000 o
Phiri-Rameongane & Khine, 2018, 2018  0.610 0.521 0.692 2410 0.018 i
0776 0568 0902 2510 0.012 —
-2.00 -1.00 0.00 1.00 2.00
. i it AFO 0 0 ) — et — —
b: Specificity of %fPSA at €15% (77.6% (CI 56.8-90.2, I* = 88.6, Egger's t = 1.128, p = 0.4618)
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate Himit limit Z-Value p-Value
Ezernwa ot al 2012 0982 0890 0980 6844 0000
Tijani et al. 2017 0760 0688 0818 ©.202 0.000 o
Phiri-Ramongane & Khine, 2018, 2018  0.591 0502 0675 1999 0040 -
0.804 0587 0922 2608 0009 —-
-2.00 -1.00 0.00 1.00 2.00

c: Accuracy of %fPSA at <15% (80.4% (CI 58.7-92.2, 12 =936, Egger’s t = 1.476, p=0.3791)

Fig. 6 Sensitivity, specificity and accuracy of %fPSA at< 15%

We identified two PSA surrogates namely percent free
PSA (%fPSA) reported in three studies [12, 26, 28] and
PSA density reported in only one study [13] (Table 2).
We conducted two meta-analyses to pool the diagnostic
accuracy of PSA and %fPSA respectively. In the analysis
of diagnostic accuracy of PSA, 10 studies (Table 1) were
involved in pooling PSA sensitivity while 8 were involved
in pooling PSA specificity. Three studies were involved in
pooling the diagnostic accuracy of %fPSA (Table 2).

Five studies examined the sensitivity and specificity of
the PSA combined with the digital rectal examination
(Table 3). The highest sensitivity (100%) was recorded at
PSA =4-10 ng/ml.

In sub-Saharan Africa, the pooled PSA sensitivity,
specificity and accuracy at <4 ng/ml were 86.8% (95% CI
0.60-0.97, 12=96), 42.3% (95% CI 0.35-0.50, I>=54.6)
and 47.2% (95% CI 0.21-0.75, 12=96.7), respectively

(Fig. 2). The pooled PSA sensitivity, specificity and
accuracy at 4-10 ng/ml were 93.1% (95% CI 0.70-0.99,
12=98.8), 29.3% (95% CI 0.14-0.52, 12=98.0) and 55.7%
(95% CI 0.38-0.72, ?=93.2), respectively (Fig. 3); while
at PSA > 10 ng/ml were 76% (95% CI 0.42—-0.93, I>=91.5),
28.8% (95% CI 0.22-0.37, 12=84.4) and 24.4% (95% CL:
0.05— 0.66, ’=97.3) (Fig. 4). There was no publication
bias throughout (p>0.05). The PSA cut-off of 4-10 ng/ml
possessed the best diagnostic accuracy of 55.7% (Fig. 3c).

There was moderate positive correlation between PSA
sensitivity and age which was statistically significant
(r=0.536; p<0.05). However, no statistical significant
correlation was found between PSA specificity and age
(r=-0.303; p>0.05).

The pooled %fPSA sensitivity, specificity and accuracy
at various cut-offs obtained from the forest plots (Figs. 5,
6,7, 8 and 9) are summarized in Table 4.
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Study name Statistics for each study Event rate and 95% CI
Evemt Lower Upper

rate Himit Himit Z-Value p-Value
Ezenws et al. 2012 0.571 0478 0002 1420  0.147 -
Tijani et al, 2017 0.997 0984 1.000 4108 0000
Phir-Remongane & Khine. 2018, 2018 0690 0602 0766 4087 0000 £

0750 0.519 0893 2109 0.035 —_

2.00 .00 0.00 1.00 2.00

a: Sensitivity of %fPSA at £20% (0.75% (CI 51.9-89.3). I* = 88.3, Egger's t = 1.971, p = 0.2989)

Study name Statistics for each study Event rate and 95% CI|
Event Lower Upper

rate Hmit Himit Z-Value p-Value
Ezenwa et al. 2012 0.9895 0.93s8 0.958 4. 808 0.000
Tijani et 8l 2017 0480 0376 0620 -1.290 0197 -
Phir.-Remongene & Khine. 2018, 2018 0420 02330 0609 -1.760 0078 L ]

0.8a7 0.398 0.837 1.149 0.281 ——

2.00 -1.00 0.00 1.00 2.00

b: Specificity of %fPSA at £20% (64.7% (CI 39.5-83.7), 2 =922, Egger’s t =4.054, p=0.1540)

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit  ZValue p-Value
Ezenwa et al. 2012 0.932 0.80o 0.sc8 6.747 0.000
Tijani et al. 2017 0571 0495 0644 1829 0067 o>
Phir-Remongane & Khine, 2018, 2018  0.488 0.401 0.676 0.268  0.791 -

0.708 0.451 0877 1,608 0.108 —p—

-2.00 -1.00 0.00 1.00 2.00

c: Accuracy of %fPSA at £20% (70.8% (CI1 45.1-87.7). ' =949, Egger’'s t =2.291, p = 0.2620)

Fig. 7 Pooled Sensitivity, Specificity and Accuracy of %fPSA at<20%

The pooled sensitivity of %fPSA increased with
increasing cut-off values, while specificity decreased
with increasing cut-off values. The %fPSA cut-off
of <10 possessed the best diagnostic accuracy of 84%
(95% CI 67.6-93.0%, 1>=90.3). There was no publica-
tion bias across the cut-offs (p > 0.05).

Weak and statistical insignificant negative correla-
tion was found between %fPSA sensitivity and age
(r=-0.322; p>0.05). There was also no statistically sig-
nificant correlation between %fPSA specificity and age
(r=-0.076; p > 0.05).

Our results show that most of the studies included in
this review possessed a low risk of bias (Appendix 1).

4 Discussion

This is one of the first systematic reviews aggregating
data on the diagnostic accuracy of PSA in sub-Saharan
Africa. We found that the pooled sensitivity (86.8%)
and specificity (42.3%) of PSA at<4 ng/ml was higher
than that reported by Maphayi et al. (53.3% and 37.1%
respectively) [19]. We also observed that the PSA cut-
off that gave the best accuracy (55.7%) for predict-
ing PCa was 4—-10 ng/ml. Some studies had suggested
a biopsy threshold of 4 ng/ml [33], while other algo-
rithms had given thresholds as high as 10 ng/ml [34],
above which prostate biopsy for histology should be
done to rule out malignancy.
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Study name Statistios for each study Event rate and 95% CI
Cvent Lower Upper

rate limit limit ZValve pValue
Ezenwa et al. 2012 0.78¢ 0.097 0.854 5.407 0.000 .
Tijani et at, 2017 0.997 0.9%4 1.000 4108 0.000
Phiri-Ramongane & Khine, 2018, 2018 0880 0.78¢ 0911 c. 987 0.000

0.882 0.729 0.954 2800 0.000 iy

-2.00 -1.00 0.00 1.00 2.00

a: Sensitivity of %fPSA at =25% (88.2% (CI 72.9-

05.4), = 82.0, Egger's t=2.557, p = 0.2374)

Study name

Statistios for each study

Ewvent rate and 95% CI

Event Lower Upper
rate Timit limit ZValve pValue
Ezenwa et al. 2012 0978 0923 0994 5703 0.000
Tijani et a1, 2017 0270 0.208 0.242 .5708  0.000 o
Phir-Ramongane & Khine. 2018, 2018 0270 0,199 0386 -4877 0000 E
0.2 0. 249 0.883 0. <89 o.ezs —e—
2.00 1.00 0.00 1.00 2.00
- . - T y ? = —
b: Specificity of %fPSA at <25% (59.1% (CI 24.9-86.3), I = 6.0, Egger’s t = 6.387, p = 0.099)
Study name Statistios for each study Event rate and 96% CI
Event Lower Upper
rate Himit it ZValue p-Value
Ezenwa et al. 2012 0918 0844 0958 791 0.000
Tijani et al 2017 0420 0387 0808 -1803 0071 -
Phiri-Ramongane & Khine, 2018, 2018 0396 0,313 0485 -2280 0023 ®
0622 02324 0853 0.804 0.421 —_—
-2.00 -1.00 0.00 1.00 2.00

c: Accuracy of %fPSA at £25% (62.5% (CI 32.4-85.3), ? = 93.3, Egger’s t = 3.056, p = 0.2013)

Fig. 8 Pooled Sensitivity, Specificity and Accuracy of %fPSA at<25%

We identified some studies that described sensitiv-
ity and specificity of PSA and digital rectal examination
(DRE) (Table 3). It has been established that combination
of PSA and DRE can be used to predict PCa, with sen-
sitivity rates as high as 100% having been reported [23,
25, 32]. Milwa et al. gave a diagnostic accuracy of 87%
using DRE and PSA [35]. Similarly, Tijani et al. reported
that raised PSA and abnormal DRE gave a positive pre-
dictive value (PPV) of 95.2% [36]. A Ghanaian study even
suggested using a nomogram that combines DRE, PSA
and PSAD (which gave an area under the curve (AUC)
of 84.8%) may be a better and accurate assessment for
predicting patients with PCa than using them indi-
vidually [37]. Despite these, PSA is still considered the

primary screening test while other measures are second-
ary screening tests [38].

When PSA values fall within the range of 4-10 ng/ml
(also called the “grey zone”), free PSA can be performed,
and the ratio of the free:total PSA expressed as a percent-
age gives the %freePSA. A prospective, multi-center clin-
ical trial in the United States of America observed that
a lower percentage of fPSA was associated with a higher
risk of PCa, and %fPSA was an independent predictor
of PCa (Odds ratio [OR],3.2; 95%CI 2.5 — 4.1; p<0.001)
[39]. They gave the %fPSA cutoff of <25% as an ideal level
(with 95% sensitivity) to differentiate prostate cancer
from benign prostatic disease [39]. But we observed that
in males from sub-Saharan Africa, the best diagnostic
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit ZValve pValue
Ezenwas et al 2012 0887 0.77¢ 0912 ©.423 0.000
Tijeni et al. 2017 0.9897 0.904 1.000 41085 0.000
Phiri-Ramongane & Khine, 2018, 2018 0980 0894 0977 7.088 0.000
0.9489 0819 0887 4051 0.000
«2.00 «1.00 0.00 1.00 2.00
a: Sensitivity of %fPSA at =30% (94.9% (CI 81.9-98.7), > = 83.1, Egger's t=2.427, p = 0.2488)
Study name Statistics for each study Event rate and 95% C|
Event Lower Upper
rate it Himit ZValue p-Value
Tenwa et al, 2012 0987 0.209 0.9288 S.182 0.000
Tijani et al. 2017 0.100 0.112 0.224 7.850 0.000
Phiri-Ramongane & Khine, 2018, 2018 0.150 0.087 0.225 0841 0.000
0479 0.100 0884 -0.07¢ 0.929 e
-2.00 -1.00 0.00 1.00 2.00
b: Specificity of %fPSA at <30% (47.9% (CI 10.0-88.4), 12 =975, Egger'st=13.869, p=0.1610)
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit ZValue p-Value
Ezenwa et al. 2012 0877 0.799 0927 cen 0.000
Tijani et al, 2017 0.244 0278 0419 -3983 0000 W
Phir-Ramongane & Khine, 2018, 2018  0.221 0.244 0409 -2862  0.000 -
0.842 0229 o082% 0238 0812 ——
-2.00 -1.00 0.00 1.00 2.00

c: Accuracy of %fPSA at <30% (54.2% (CI122.9-82.5), 2 =97.1, Egger’'s t =2.624, p=0.2318)

Fig. 9 Pooled Sensitivity, Specificity and Accuracy of %fPSA at<30%

accuracy (84%) was with cut-off<10% which had a
pooled sensitivity of 46.6% and specificity of 91.5%. The
implication of this is that using higher cut-offs may lead
to overdiagnosis with resultant unnecessary biopsies and
its antecedent complications in the African population.

Table 4 Pooled” sensitivity, specificity & diagnostic accuracy of
%free PSA in sub-Saharan Africa (n=3)

%fPSA cut-off Sensitivity (%) Specificity (%)  Accuracy (%)

<10 466 (24.0-71.0) 915(77.1-99.1) 84.0(67.6 —93.0)
<15 554 (31.7-769) 77.6(568-902) 804 (587 92.2)
<20 75.0(51.9-893) 64.7(39.5-83.7) 70.8(45.1-877)
<25 88.2(729-954) 59.1(249-863) 625 (32 4-2850)
<30 949(81.9-987) 479(100-884) 54.2(22.9-825)

# Summary estimate (95% Confidence Interval)

Our findings are contrasted by the meta-analysis by
Huang et al., where they showed that the free/total PSA
ratio (which is an approximation of the %fPSA) had a low
pooled sensitivity of 70% and specificity of 55% for the
diagnosis of PCa but this was not at any particular cut-
off [40]. The discrepancy could be due to the variance in
cut-off values and regional differences. We reviewed sub-
Saharan African studies with various levels of PSA, while
Huang et al. [40] were restricted to non-African studies
that utilized PSA levels between 4 and 10 ng/ml.

Apart from %fPSA, the other PSA surrogate identi-
fied in this review was PSA density (PSAD) [13]. Only
one study examined sensitivity and specificity of PSAD
to detect PCa and observed the maximum discrimina-
tory cut-off was 0.04 ng/ml/cm?® with sensitivity 95.88%,
specificity 27.8%, and AUC of 82% [13]. When used for
PSA in the grey zone (4 — 10 ng/ml), 0.04 ng/ml/cm? gave
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a better sensitivity (86.7% vs 33.3%) than the internation-
ally accepted cut-off value of 0.15 ng/ml/cm?, which led
them to conclude that 0.04 ng/ml/cm® may be a more
appropriate cut-off for evaluating Nigerian men with
symptomatic prostatic enlargement [13]. This supports
the report by Shenoy et al. that general PCa screening
guidelines may be inappropriate for black men because
the course of the disease is different for them due to
social and genetic characteristics [41]. Based on this, it
is important to delineate appropriate cut-off values for
males in sub-Saharan Africa.

Overall, we agree that PSA should not be used alone
in screening or diagnosis of PCa. A South African study
of 227 patients showed that using a prostate biopsy
decision pathway consisting of PSAD >0.1 ng/ml/cm?,
%fPSA <12% and PSA >4 ng/ml as an indication for
biopsy, would have prevented 21.1% of biopsies and
16.7% of clinically insignificant PCa diagnoses [42]. In
our study, we recommend that a combination of PSA
4-10 ng/ml and %fPSA <10% may be a good pointer
to an abnormal prostate gland in males from sub-Saha-
ran Africa, and should guide the decision for prostate
biopsy.

Age is an important factor to consider when using
PSA to screen for PCa because serum PSA varies with
age even in healthy individuals. We observed a moderate
positive correlation between PSA sensitivity and age that
was statistically significant (r=0.536; p<0.05). This is
corroborated by the study of Abbiyesuku et al. that dem-
onstrated a significant positive correlation between age
and serum PSA value over the entire age range (r=0.523;
P=0.001) of both healthy individuals and those with
prostate abnormalities [43].

5 Limitations

The number of articles included in this review were few
based on our criteria, which may have limited the power
of our findings. Also, there was considerable heteroge-
neity among the included studies which could be due to
clinical and methodological differences among the indi-
vidual studies.

6 Conclusions

In sub-Saharan Africa, the PSA cut-off 4-10 ng/ml pos-
sessed the highest pooled sensitivity while PSA <4 ng/
ml had the highest pooled specificity. Considering PSA
surrogates, %fPSA cut-off at <10% possessed the high-
est specificity, but the lowest sensitivity. Consequently,
PSA cut-off at 4-10 ng/ml, as well as %fPSA <10%,
showed the best diagnostic accuracy respectively. Thus,
a combination of these two may be a more appropriate
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criteria for deciding males who will be eligible for pros-
tate biopsy in the sub-Saharan Africa region.

Abbreviations

AUC Area under the curve

a Confidence interval

DRE Digital rectal examination

MeSH Medical subject headings

na Not applicable

ng/ml Nanograms per millilitre

NPV Negative predictive value

nr Not reported

%fPSA Percent free PSA

PPV Positive predictive value

PRISMA Preferred reporting items for systematic reviews and
meta-analyses

PCa Prostate cancer

PSA Prostate specific antigen

PSAD Prostate specific antigen density

SD Standard deviation

tPSA Total PSA
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