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Background. Prostate cancer (PCa) is the leading male neoplasm in South Africa (SA) and is the second most frequently diagnosed cancer
among men globally. Age-specific incidence rates (ASIRs) vary by up to 189-fold globally, with an ASIR of 68.0 per 100 000 in 2018 in SA.
Objectives. To describe PCa among men undergoing prostate biopsy in Gauteng Province, SA.

Methods. We undertook a retrospective descriptive study using prostate biopsy data collected from the National Health Laboratory Service
(NHLS) database between 2006 and 2016. We extracted the Systematized Nomenclature of Medicine (SNOMED) clinical terms morphology
and topography codes to assign histological findings using the International Classification of Diseases for Oncology. PCa was defined as
adenocarcinoma with a reported Gleason Score (GS). The new grade group (GG) based on the GS is defined as follows; (i) GG1 for a GS
<6; (ii) GG2 for a GS of 3 + 4 = 7 ; (iii) GG3 for a GS of 4 + 3 = 7; (iv) GG4 for a GS of 8; and (v) GG5 for a GS 29. Higher-grade disease
was defined as GG4 and GGS5 (GS 28), in line with local guidelines. We reported associations of PCa with a GS >7 with age and race and
used provincial and world standard population data to determine annual ASIRs.

Results. We identified 22 937 biopsies referred to the NHLS between 2006 and 2016. Of the 6 448 biopsies (39%) with a PCa finding for
black Africans, 46% were diagnosed with high-risk PCa compared with 36 - 40% for other race groups (p<0.0001). Black Africans were
more likely than whites to have GG4 or GG5 PCa (odds ratio 1.45; 95% confidence interval 1.27 - 1.67). The ASIR increased from 44.9 per
100 000 in 2006 to 57.3 per 100 000 in 2016.

Conclusions. Black African men were significantly more likely to present with PCa with a GS 28 (GG4 and GG5) compared with the
other racial groups in Gauteng. The ASIR increased dramatically during the study period, perhaps as a result of increased screening and

awareness. There is a need for additional research to better understand why black African men present with higher-grade disease.
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Prostate cancer (PCa) is becoming a major public health concern
as life expectancy increases globally."? In 2018, the global PCa
incidence was the second highest after lung cancer.”! PCa incidence
varied by up to 189-fold across 186 countries, with age-standardised
incidence rate (ASIR) ranges varying widely from 1.0 per 100 000 in
Bhutan to as high as 189.1 in Guadeloupe in 2018.") Comparatively
higher ASIRs were reported for some less-developed regions such
as Barbados (129.3 per 100 000), Bahamas (85.8), South Africa (SA)
(68.0) and Reunion (63.7). The PCa ASIR is highest among men of
African descent, reflecting racial and genetic predisposition in these
countries.® The varying PCa ASIR could also be due to varying PCa
screening and testing patterns that affect incidence.

Limited SA data reported that black Africans present with more
aggressive PCa, with a Gleason Score (GS) 27 reported in 36%,
compared with 17% for African Americans.” The GS is the strongest
prognostic factor for PCa treatment.®) Local guidelines categorise
PCa risk using the GS as follows: (i) 2 - 6 low; (ii) 7 intermediate;
and (iii) 8 - 10 high.'® The new grade group (GG) is based on the

GS as follows: (i) GG1 for a GS <6; (ii) GG2 fora GSof 3 + 4 = 7;
(iii) GG3 for a GS of 4 + 3 = 7; (iv) GG4 for a GS of 8; and (v) GG5
for a GS >9.°1 Limited PCa biopsy data exist for black African men,
however, with most local studies reporting data for selected health
facilities.”'>!*l Currently, aside from local cancer registry data, which
reported national 2014 data by 2018, there are no comprehensive
public sector PCa data for Gauteng Province.!'"!

In SA, PCa is the leading neoplasm in men.** Risk factors include
age, race (black African) and family history."*1%1*l The National
Health Laboratory Service (NHLS) provides diagnostic services to
80% of the population.'” Routinely accumulated laboratory data
through analysis of diagnostic samples offer a unique opportunity to
describe PCa histological characteristics with the related demographic
detail in local populations. The Systematized Nomenclature of
Medicine (SNOMED) clinical terms (CT) topography (T) and
morphology (M) codes captured routinely based on the histological
findings could be used to represent relevant clinical information
consistently and comprehensively as an essential part of producing
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electronic health information.!"”’ The T code identifies anatomical
terms for each organ, and the M code describes the microscopic
changes observed.!"”

We chose Gauteng for our study because it is home to 24.1% of
the national population!"¥ and represents a typical dense urban area.
It is the economic hub of the country with the highest numbers of
both international and domestic migrants, the latter originating from
provinces such as Limpopo, KwaZulu-Natal and Eastern Cape.!'s"]
These domestic migrants are aged between 15 and 64 years, with
males outnumbering females by 111 to 100.2” Over 70% of migrants
are black Africans.””

Objectives

To describe PCa among men undergoing prostate biopsies in
Gauteng Province, SA, using data fields directly extracted from
patient laboratory records.

Methods

Study design

We extracted all prostate biopsies done on men aged >30 years
between 1 January 2006 and 31 December 2016 and referred to
the NHLS for pathology evaluation in Gauteng. Two data sets were
extracted from the national laboratory data repository that houses
laboratory information system (LIS) collated patient laboratory
reports.!'® These data sets were: (i) narrative prostate biopsy data; and
(ii) SNOMED CT code(s). Ethical clearance was obtained from the
University of the Witwatersrand, Johannesburg (ref. no. M170419).

Biopsy data preparation

The narrative biopsy extract included the following variables: (i) episode
number; (ii) unique patient identifier; (iii) age; (iv) gender; (v) racial
group; (vi) facility name; (vii) reviewed date; and (viii) biopsy narrative
report. The episode number identifies samples for all laboratory
processes. The unique patient identifier was generated using the
organisation probabilistic matching algorithm that includes fuzzy
logic matching, minimising the duplication of PCa case reports.?!
For duplicate records, only the first record was used to calculate the
ASIR. A sequence number was generated for chronologically sorted
patient data. The GS was manually coded, with a random sample
independently verified to validate manual coding (n=369).

The SNOMED CT data extract included the episode number
and the M and T codes. The M code describes the microscopic
changes noted in cells, tissues, and organs.!'”’ The T code describes
the anatomical site of origin (prostate).'” We used the SNOMED
CT codes to develop lookup tables to report: (i) histological findings
(PCa/not PCa); (ii) biopsy findings; (iii) tumour type; and (iv) organ,
with the assistance of an experienced anatomical pathologist and
urologist (Appendix A, http://samj.org.za/public/sup/14850.png).
We used the International Classification of Diseases for Oncology
to assign PCa findings, ie. adenocarcinoma tumour type with
the associated tumour grading (GS).??! For missing M codes, we
manually coded biopsies using the narrative result text.

Racial group was identified as an important PCa risk factor.”>13 As
racial group was poorly recorded (94.5% missing), we used a locally
developed hot-deck imputation method to assign missing data,®!
described in an unpublished study (Chen W, Kellett P, Greyling M,
Sengayi M, ‘The use of surnames to impute missing ethnicity data
in the National Cancer Registry database of South Africa, 2019).
Well-populated cancer registry data with patient-reported race
grouping were used to construct the imputation reference panel.
The racial groups reported by Statistics South Africa in the 2011
census® are Indian/Asian, black African, coloured (mixed ancestry

from European, Indian subcontinent and local indigenous African
peoples®!) and white.

We used a relational database to combine the respective tables
using a left outer join with the narrative biopsy data extract as the
master table (Appendix A, database diagram showing how data from
the SNOMED CT lookup tables and the race imputation data sets
were used to create the prostate cancer data for this study, http://samj.
org.za/public/sup/14850.png). Data were prepared using Microsoft
Office Professional Plus 2013 (Microsoft, USA) and analysed using
SAS 9.4 (SAS Institute, USA) and Stata 12 (StataCorp, USA).

Descriptive statistics by racial group were: (i) mean age (with
range); (ii) biopsy numbers; (iii) biopsy findings; and (iv) number
of biopsies reporting a PCa histological finding. We compared
the mean age across racial groups by one-way analysis of variance
(ANOVA). We used the x* test to identify whether there was a
statistical difference for age category and biopsy findings for the four
race groups. An alpha level of 0.05 was used for all association tests.

We used a pyramid chart to report the number of biopsies with
a PCa and non-PCa finding for age categories (excluding unknown
age). Age was reported on the x-axis and percentage of biopsies on
the y-axis. Annual biopsy numbers were reported as a bar chart.

A multiple logistic regression method was used to determine
the factors associated with PCa with a GG 24, controlling for age
and racial group. This is in line with local guidelines for a GS 28
classified as high risk.”'®) We reported odds ratios (ORs), p-values
and confidence intervals (CIs).

Biopsies with a PCa finding were analysed by GS and GG risk group
for the four racial groups, reported as a stacked bar chart.**) We used
a stacked bar chart to report the percentage of biopsies per year for
the GS and GG risk categories, with GG4 and GG5 reported together.

The ASIR per 100 000 and average annual percentage change
(AAPC) were calculated for defined age categories for each calendar
year using the Joinpoint trend analysis software. Data variables for
the model were: (i) gender; (ii) year of diagnosis; (iii) age categories/
groups; (iv) number of incident cases (count variable); (v) population
estimates; and (vi) Segi world standard population.**? The last was
used to enable comparison with cancer registry reports.

Results

There were 25 010 biopsies extracted from the LIS. The SNOMED
CT codes were used to assign 90% of histological findings, with
10% manually coded. We excluded 285 biopsies that did not meet
the inclusion criteria, and excluded a further 2 073 non-prostatic
biopsies (8.3%). The total sample size was therefore 22 937. It was
not possible to determine a GS for 455/8 390 biopsies (5.4%) with a
PCa finding. We randomly reviewed GSs for accuracy and noted no
misclassification errors.

Prostate biopsy outcomes by age and racial group
The mean age by racial group was 66.3 (range 31 - 92) years for
Indians/Asians, 67.4 (30 - 99) years for black Africans, and 67.7 (30 -
99) years for whites (Table 1). A statistically significant difference
for mean age for the four racial groups was determined by one-way
ANOVA (p<0.001). There was a significant difference in biopsy
frequency by age category across the four racial groups (p<0.0001).
A malignant biopsy finding was reported for 46% of black Africans
compared with 39%, 37% and 30% of coloureds, whites and Indians/
Asians, respectively. For black Africans, 39% of biopsies reported a
PCa finding, compared with 23%, 29% and 31% for Indians/Asians,
whites and coloureds, respectively (p<0.0001).

Twenty-three percent of biopsies from the 65 - 69-year age category
reported a PCa finding, as opposed to 19% and 20% for the 60 - 64-
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Table 1. Prostate biopsy descriptive statistics by racial group, Gauteng Province, 2006 - 2016

Indian/Asian Black African Coloured White
Biopsy samples, n 487 16 491 1129 3422
Age (years), mean (range) 66.3 (31 - 92) 67.4 (30 - 99) 67.4 (35 -99) 67.7 (30 - 99)
p-value* <0.001
Age category (years), n (%)
30 - 39 4(1) 49 (0) 2 (0) 7 (0)
40 - 49 13 (3) 298 (2) 22(2) 44 (1)
50 - 59 76 (16) 2 418 (15) 160 (14) 436 (13)
=60 380 (78) 12 502 (76) 890 (79) 2830 (83)
Unknown 14 (3) 1224 (7) 55 (5) 105 (3)
p-value® <0.0001
Biopsy findings, n (%)
Atypia/dysplasia 21 (4) 575 (3) 43 (4) 129 (4)
Benign/negative for malignancy 317 (65) 8321 (50) 641 (57) 2031 (59)
Neoplasm, malignant 147 (30) 7 561 (46) 442 (39) 1255 (37)
Uncertain whether benign or malignant 2 (0.5) 34 (0) 3 (0) 7 (0)
p-value® <0.0001
Prostate cancer, n (%)* 111 (23) 6 448 (39) 354 (31) 1 009 (29)
*One-way analysis of variance.
)\ test.
*Adenocarcinoma histological finding with Gleason score reported.
and 70 - 74-year age categories, respectively 30-34 —
(Fig. 1). The percentage of non-PCa biopsies
was lowest in older ages, with 12% reported 35-39
in the 75 - 79-year and 8% in the >80- 40- 44 —
year age categories. Eleven percent and 454 -
5% of biopsies reported a PCa finding z
for the 50 - 54-year and 55 - 59-year age g\ 50-54
categories, respectively. A non-PCa finding Q 55_59
was reported for 22% of biopsies in the 60 - )
64-year age category, decreasing to 19% and § 60-64 7
11% for the 65 - 69-year and 70 - 74-year age & 65-69
categories, respectively. 70-74
Black Africans were more likely to have
PCa with a GG >4 than whites (OR 1.45; 75-79 7
95% CI 1.27 - 1.67) (Table 2). Similarly, >80 —
coloureds and Indians/Asians were also
more likely to have PCa with a GG >4 than % 0 " 10 > 0 > 10 1> 0
whites, with ORs of 1.14 (95% CI 0.89 - Biopsies, %
1.46) and 1.06 (95% CI 0.71 - 1.59), respec- WrCa B Non-PCa

tively.

Men aged <70 years were determined
to have a reduced probability of being
diagnosed with PCa with a GG >4 compared
with those aged 270 years, with an OR
of 0.99 (95% CI 0.69 - 1.42) for ages 30 -
49 years, 0.90 (95% CI 0.79 - 1.03) for 50 -
59 years, and 0.87 (CI 0.79 - 0.96) for 60 -
69 years. Controlling for racial group, males
aged 270 years were at a significantly greater
risk of having PCa with a GG >4.

Between 2006 and 2016, the number
of biopsies increased from 1 630 to 2 761
(Fig. 2). We noted lower volumes in 2008
(n=1 168), decreasing from 1 610 in 2007
(27% decrease). A 25% increase in biopsies
was reported between 2010 (n=1 868)
and 2011 (n=2 335), compared with 19%
between 2014 (n=2 357) and 2015 (n=2 805).

Fig. 1. Age distribution for PCa findings. Biopsy numbers reported by age category for both PCa and
non-PCa histological findings in Gauteng Province between 2006 and 2016, as a population pyramid.

(PCa = prostate cancer.)

Analysis of low-, intermediate-

and high-risk GSs

A high-risk GS (=8) was reported for 46%
of biopsies (n=6 448) with a PCa finding
for black Africans compared with 40%, 38%
and 36% for coloureds, Indians/Asians and
whites, respectively (Fig. 3). The percentage
of biopsies with a GG2 ranged from 17% for
whites to 24% for coloureds. Similarly, the
percentage of biopsies with a GG3 ranged
from 10% for coloureds to 15% for Indians/
Asians. Of biopsies for black Africans, GG2
and GG3 were reported in 18% and 13%,
respectively.
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Between 2006 and 2016, the percentage of
biopsies with a GG1 decreased from 27% to
18% (Fig. 4). Conversely, the percentage of
biopsies with a GG >4 increased from 42%
in 2006 to 48% by 2016. Biopsies with a GG3
increased from 12% in 2006 to 27% by 2016.
Conversely, the percentage of biopsies with
a GG2 decreased from 20% to 18% over the
same time period.

ASIRs for prostate cancer

The ASIR increased from 44.92 per 100 000
in 2006 to 57.31 by 2016 (Fig. 5). Between
2006 and 2016, we reported an AAPC of 2.7%



(95% CI -1.2 - 6.7), which was significant
(p<0.05). A lower ASIR was reported for
2008 (27.0 per 100 000). Between 2014 and
2015, the ASIR increased from 40.8 to 52.6
per 100 000, respectively (largest year-on-
year increase).

Between 2006 and 2016, an annual
percentage change (APC) and average
annual percentage change (AAPC) of 2.7
(95% CI -1.2 - 6.7) was reported (Table 3).
The p-value was <0.0001 for both the
APC and AAPC, indicating a statistical
difference.

Discussion
Our study reported an increase in biopsy
numbers between 2006 and 2016, with PCa
diagnosed predominantly in older men.
The analysis also reveals that the ASIR in
Gauteng Province has increased substantially
from 44.9 (2006) to 57.3 (2016) per 100 000.
We also found that black Africans were
statistically significantly more likely to have
advanced disease with a GG >4 compared
with other racial groups.

The large increase in prostate biopsies
reported in our study may indirectly reflect

Table 2. Multiple logistic regression analysis to assess the association between
prostate cancer outcomes, GS, racial group and age category*

Characteristic OR 95% CI p-value
Racial group
White 1 - -
Indian/Asian 1.06 0.71 - 1.59 0.764
Black African 1.45 1.27 - 1.67 <0.0001
Coloured 1.14 0.89 - 1.46 0.311
Age category (years)
30 - 49 0.99 0.69 - 1.42 0.948
50 - 59 0.90 0.79 - 1.03 0.131
60 - 69 0.87 0.79 - 0.96 0.005
270 1 - -

GS = Gleason Score; OR = odds ratio; CI = confidence interval; GG = grade group.
*For the dependent variable, a GG of 4 or 5 was coded as 1 (GS 28) and GG1 - 3 as 0 for a prostate cancer histological finding
with a GS reported. For the logistic regression analysis, the 95% CI, p-value and age- (for analysis of racial group) or race-

adjusted (for analysis of age group) ORs are reported.
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Fig. 2. Prostate biopsy numbers for Gauteng Province between 2006 and 2016.

improved access to care. This would include
more patient referrals to a urologist following
an elevated prostate-specific antigen (PSA)
level and/or abnormal findings on digital
rectal examination. Urology services that
were previously limited to academic centres
have been introduced in several provincial
hospitals,?" so patients can be managed locally
without the need to travel to tertiary hospitals.

Our findings of an increasing ASIR are
in keeping with those of Babb et al.,*”) who
reported a rise in SA from 17 per 100 000 in
1986 to 27 per 100 000 by 2006. Similarly,
between 2007 and 2013, the National Cancer
Registry (NCR) reported that the ASIR
increased from 29 to 44 per 100 000.%)
We have shown a slightly higher increase
compared with Babb ef al.?”) and the NCR-
reported national values.*® Between 2007
and 2013, the PCa ASIR in Gauteng was
substantially higher than national estimates
at 41.1 v. 29 per 100 000 and 48.4 v. 44
per 100 000, respectively.?**! By reporting
provincial trends, we are able to highlight
areas with an ASIR increasing faster than
nationally reported data. Some of the reasons
for the reported increase in incidence include
improved urological guidelines, better access
to screening, enhanced patient awareness,
and improved medical aid coverage for PCa
diagnosis.®1%

The 2013 PCa urology treatment guide-
lines recommend screening from the age of
40 for black Africans and 45 for all males.!"!
Studies have shown that PSA screening is
associated with increased diagnosis and
decreased mortality."®! Our own unpublished
data (Cassim N, Ahmad A, Glencross DK,
George JA, ‘Trends in prostate specific
antigen (PSA) testing for primary health
care facilities in the Gauteng province,
South Africa, between 2006 and 2016’ 2020)
indicate that primary healthcare (PHC) PSA
testing increased substantially in Gauteng
between 2014 and 2016. It is reasonable to
assume that improved access to screening
in Gauteng, specifically at PHC facilities,
may have resulted in the increased PCa
diagnosis. Screening and education both
play important roles in identifying men at
risk of developing PCa.*103!

It is also possible that PCa awareness
is a cause for the increased ASIR noted.

Table 3. APC and AAPC output from the Joinpoint model for age-standardised prostate cancer incidence rates between 2006 and 2016

Segment Lower endpoint Upper endpoint APC Lower CI Upper CI p-value
APC 1 2006 2016 2.7 -1.2 6.7 <0.0001
AAPC 1 2006 2016 2.7 -1.2 6.7 <0.0001

APC = annual percentage change; AAPC = average annual percentage change; CI = confidence interval.
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Public awareness of female cancers started to
improve in 2009, promoting early detection
of breast cancer with mobile mammography
units.’” In contrast, local awareness
campaigns for PCa started much later. with
initiatives such as ‘Movember, ‘Daredevil
Run’ and ‘Suit Up September’ beginning
in 2015 and operating predominantly in
metropolitan areas.[%!

PCa has the highest reported heritability
of any major cancer, and several genetic
susceptibility loci have been identified in
European and Asian men.®* Another

reason for the increased ASIR may be a
combination of genetic and environmental
risk factors that are not known at present.
We noted an increase in the percentage
of biopsies with a high-risk GS between
2006 and 2016. From 2012, a high-risk
GS was reported for ~50% of biopsies,
highlighting late presentation in Gauteng.
A system review by Ilic et al®” reported
that PSA testing increased the detection of
early-stage disease and slightly decreased
the detection of advanced PCa. Similarly,
other studies have shown that access to
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PSA testing has increased PCa detection
rates, combined with a migration to lower-
stage disease, throughout the USA, Canada
and Europe. Unpublished data from our
province (Chen et al) showed that PHC
PSA testing increased dramatically in 2013.
We would therefore have expected to see
an increase in early-stage disease (GS <6).
It is possible that it is too early to realise the
benefit of increased PSA testing.

We noted that black African men were
statistically significantly more likely than
whites and coloureds to present with a GG
>4. While the reasons for this finding are
uncertain, racial differences in healthcare-
seeking behaviour have been reported, with
white and coloured respondents more likely
to seek care than black Africans.? In SA,
black males have been shown to be less likely
to access healthcare than females, and sought
care first from traditional healers.® Male
underutilisation of healthcare services has
been identified in multiple countries."*” One
of the challenges men face is the working
of health Although
increasing numbers of men presented for
diagnosis in our study, it may be that lack of
knowledge is one of multiple factors for late
presentation. %

hours services. %)

Our finding that older age was a risk
factor for high-grade PCa is in keeping
with some studies from Canada and the
USA, 442 while local studies have produced
conflicting results.”>*l  Although local
guidelines recommend PCa screening from
40 years, we found that most patients were
diagnosed in their mid-60s.' This is
similar to other local findings and published
data from Ghana and Nigeria. 121344l
Our local unpublished data (Cassim et al.)
indicate that the mean age for PSA testing
at PHC facilities was 55.8 years, highlighting
possible delayed diagnosis.*® Maphayi et
al.") showed that only 7% of black African
men who had a PSA >4 pg/L had a follow-
up biopsy.

Our study builds on previous work
providing evidence that laboratory data
are an invaluable repository of health data.
Specifically, this work has extended PCa
reporting using laboratory data. Applying
similar methods of reporting, such as the use
of SNOMED CT lookup tables, could provide
national and provincial PCa statistics across
SA to complement cancer registry reporting.
These approaches can be complemented
and supplemented with the application of
text mining and predictive analytics that
have demonstrated the reliable extraction
of prognostic GS data from narrative biopsy
reports (Cassim N, Mapundu M, Olago V,
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Ahmad A, George JA, Glencross DK, ‘Using
big data techniques to extract Gleason scores
to improve prostate cancer reporting in
the Gauteng province, South Africa, 2019,
unpublished). These tools have the potential
to generate automated PCa reporting, leading
to the development of PCa epidemiological
reporting using laboratory data.

Study limitations

This study did not investigate underlying
contributing factors in under-performing
districts as this was beyond the scope of
the study. The incidence data reported for
our study were reliant on the probabilistic
matching algorithm for the de-duplication of
patient records in the absence of a national
unique patient identifier.

A limitation of our study is the absence
of private sector laboratory data, affecting
generalisability. planned
discussions to receive private sector PCa data
routinely. However, a local study reported
that withheld private sector cancer data only
accounted for 4% of cancer reporting.*!

The accuracy of the hot-deck race
imputation was also a limitation. In their
unpublished study, Chen et al. used a hold-
out test to compare imputed versus cancer
registry patient-reported racial group for
406 642 unique group
pairings. The historically well-populated
cancer registry data were split into patient-

There are

surname-race

reported racial group values and imputed
values. Chen et al. compared the imputed
and original values. For the imputed data
set, a sensitivity of >90% was reported for
black Africans, whites and Indians/Asians.
However, a lower sensitivity of 63.79% was
reported for coloureds. This finding indicates
that the race imputation may be less accurate
for coloureds, which may result in some
misclassification. A challenge in SA is that
common surnames are used interchangeably
by coloureds and whites."”)

It was not possible to control for
confounders such as socioeconomic status
and environmental exposure, as these data
were not available.

Conclusions

Thereis a need to improve our understanding
of the contribution of genetic, environmental
and lifestyle factors to PCa in black African
men. There is also a need to improve our
understanding of late presentation in black
African men. Late presentation is associated
with limited treatment options and an
increased mortality rate. Broader public
health initiatives are required to identify men
earlier by improving awareness and health-
seeking behaviour as well as providing better
access to urology services that meet their
needs. Here, the provision of tailor-made
male-only healthcare services could play an
important role in reducing PCa incidence.
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