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Summary

Background: Understanding human papillomavirus (HPV)-related cancer epidemiology in
South Africa is crucial for informing cancer prevention in this high-burden country. We aimed
to describe HPV-related cancer incidence in South Africa between 2011 and 2021.

Methods: For this cross-sectional study, we obtained data on cancer incidence from the South
African National Cancer Registry and population estimates from Statistics South Africa. We
calculated age-standardised incidence per 100 000 person-years for cervical carcinoma, and
vulvar, vaginal, penile, oropharyngeal, and anal squamous cell carcinoma among people aged

15 years and older by sex, year, age, and race. Average annual percentage changes (AAPCs) were
calculated using the Joinpoint Regression Program.

Findings: Between Jan 1, 2011 and Dec 31, 2021, the overall cervical carcinoma incidence
was 30-4 cases per 100 000 person-years (95% CI 30-2 to 30-6), which was highest in females
aged 55-64 years (585 cases per 100 000 person-years [57-5 to 59-5]); incidence was stable
between 2011 and 2016 and began to decline in 2016 (AAPC -2-7% [95% CI —10-8 to —-0-2]).
The incidence of vulvar squamous cell carcinoma (2-3 cases per 100 000 person-years [2-2 to
2-4]), vaginal squamous cell carcinoma (0-7 cases per 100 000 person-years [0-7 to 0-7]), and
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female-anal squamous cell carcinoma (0-6 cases per 100 000 person-years [0-6 to 0-7]) increased
between 2011 and 2021 (AAPC 8:0% [95% CI 5-3 to 13.9] for vulvar squamous cell carcinoma;
3:2% [0-5 to 6-6] for vaginal squamous cell carcinoma; and 8-5% [2-0 to 23-2] for anal squamous
cell carcinoma). The largest increase in vulvar squamous cell carcinoma between 2011 and 2021
was observed among females aged 15-44 years (AAPC 10-0% [8-2 to 13:4]) and 45-54 years
(AAPC 10:7% [8-2 to 14-1]). The incidence of penile squamous cell carcinoma (1.4 cases per 10
000 person-years [1-3 to 1-4]) and anal squamous cell carcinoma in males (0-4 cases per 100 000
person-years [0-4 to 0-5]) increased between 2011 and 2021 (AAPC 6-9% [3-8 to 10-7] for penile
squamous cell carcinoma; 9:3% [6:7 to 12-7] for anal squamous cell carcinoma). For both sexes,
oropharyngeal squamous cell carcinoma trends were stable. The incidence of cervical carcinoma,
vulvar squamous cell carcinoma, and vaginal squamous cell carcinoma was highest among Black
females; penile squamous cell carcinoma was highest among Black males; anal squamous cell
carcinoma in males was similar by race; and oropharyngeal squamous cell carcinoma was highest
among White and Coloured individuals.

Interpretation: The incidence of hon-cervical anogenital cancers is rapidly increasing in South
Africa. The incidence of most HPV-related cancers is high among Black individuals, especially
for cervical and vulvar cancers, potentially due to disproportionately high HPV—HIV co-infection
prevalence among young Black females. HIV prevention and continued HPV vaccination efforts
are crucial for reducing HPV-driven cancers in the future.

Funding: South African National Health Laboratory Services and US National Cancer Institute
Intramural Research Program.

Introduction

The prevalence of human papillomavirus (HPV) infection varies by world region.! The
highest burden of cervical HPV infections is in sub-Saharan Africa,! where HIV infection
prevalence is also the highest globally.2 In South Africa, cervical HPV prevalence among
females with normal cytology ranges from 18 to 75% depending on the province, age
group, and HIV co-infection status,3 and in 2022, according to UNAIDS, 7-6 million South
Africans were living with HIV, of whom 4-8 million were females aged 15 years and

older. Among people with HIV, HPV infection clearance rates are reduced and the risk of
persistent HPV infection is elevated compared with people without HIV.# This is concerning
because persistent HPV infection is a major risk factor for developing cervical, vulvar,
vaginal, penile, anal, and oropharyngeal cancers.®

In 2022, cervical cancer was the second most common cancer and the leading cause of
cancer-related mortality among females in South Africa.6 Understanding the epidemiology
of HPV-related cancers in South Africa is crucial for informing cancer prevention efforts.
The most recent studies of national trends in HPV-related cancer incidence in South Africa
analysed data collected up to 2012.7-8 These studies reported large racial disparities in HPV-
related cancer burden, and substantial increases in vulvar cancer (especially for younger
ages) and anal cancer (especially for females),”:8 suggesting the epidemiology of these
cancers and the prevalence of key risk factors in South Africa might be changing.
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To improve understanding of HPV-related cancers in South Africa and guide policy
decisions on HPV vaccination and cancer screening, continued monitoring of trends

is needed. We aimed to describe the incidence of cervical, vulvar, vaginal, penile,
oropharyngeal, and anal cancers in South Africa between 2011 and 2021 by sex, calendar
year, age group, and race. We also aimed to evaluate trends in oral cancers (including oral
cavity and oropharyngeal), stratified by anatomic subsites that tend to be HPV-related versus
tobacco-related and alcohol-related.

Data sources

Outcomes

For this cross-sectional study, we used de-identified data on all incident HPV-related cancers
between Jan 1, 2011, and Dec 31, 2021, from the South African National Cancer Registry
of the National Health Laboratory Services,®19 including sex (female or male), race (Asian,
Black, Coloured, or White), age at diagnosis (=15 years), year of diagnosis, cancer site,

and cancer histology. The term “Coloured” is used by the South African Census (Statistics
South Africa), which includes people with both African and Caucasian ancestry. Since 1986,
the National Cancer Registry has collected all laboratory diagnosed cancers from private
and public health-care laboratories in South Africa by extracting demographic and tumour
data from pathology reports.? In 2011, Regulation 380 of the National Health Act of 2003
made cancer a reportable disease in South Africa;1! thus, cancer incidence reporting after
this period is considered robust and comprehensive. We used the race categories as per
Statistics South Africa (the national statistics service). These specific classifications allow
for measurement of historical socioeconomic disparities. In the National Cancer Registry,
race information was obtained from pathology reports, which classified race through patient
self-reporting.

The primary outcomes were cancers with a known association with persistent HPV
infection. Because HPV infects the squamous epithelium,12 HPV-related cancers are
mostly associated with squamous cell carcinomas, with the exception of cervical cancer,

of which HPV causes nearly all cases, regardless of histology. To capture cancers with

the highest HPV-attributable fraction, we limited the analyses to all cervical carcinomas,
vulvar squamous cell carcinomas, vaginal squamous cell carcinomas, penile squamous cell
carcinomas, oropharyngeal squamous cell carcinomas, and anal squamous cell carcinomas,
identified by International Classification of Diseases codes (appendix p 2). For our
secondary analysis, we examined potentially HPV-related and HPV-unrelated oral and
oropharyngeal squamous cell carcinomas, grouped by anatomic subsite.13 HPV-related
sites include the base of tongue, lingual tonsil, tonsil, oropharynx, and Waldeyer’s ring.
HPV-unrelated sites (mostly associated with tobacco and alcohol use) include the soft palate,
uvula, oral tongue, gum, floor of mouth, hard palate, and other or unspecified parts of the
mouth.13
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Statistical analysis

Among females and males, we described the population distribution between 2011 and
2021 overall and by race, age group, and year. Missing race was imputed using a hot-deck
imputation method based on an algorithm derived from a database of approximately 1.4
million surnames and their known races.1# To estimate person-time (ie, denominators to
calculate rates), mid-year national population estimates were obtained from Statistics South
Africa, stratified by sex, year, age, and race. For each cancer type, we presented the number
of cancer cases (burden), median age at diagnosis, and incidence per 100 000 person-years
with corresponding 95% Cls by sex, year, age group, and race. Incidence was calculated

by dividing the number of events (from the South African National Cancer Registry) by the
estimated person-time (from Statistics South Africa) for all strata. All incidences were age-
standardised to the 1960 Segi world standard population.1® To examine racial differences,
we calculated incidence rate ratios (IRRs) of each cancer type for Black, Coloured, and
Asian individuals compared with White individuals overall and across age groups (15-44,
45-54, 55-74, and =75 years). We selected White race as the reference to highlight the
elevated cancer risk for Black individuals. For cancers that affect both sexes (anal squamous
cell carcinoma and oropharyngeal squamous cell carcinoma), we calculated male-to-female
IRRs overall and by age group. Age-standardised incidence and IRRs were calculated using
SEER*Stat software (version 8.4.3.).

Temporal trends were examined by determining the best fit log-linear model and calculating
the average annual percent change (AAPC) in incidence for each cancer type among females
and males. Since there is etiological heterogeneity in vulvar squamous cell carcinoma

by age, with most HPV-associated vulvar cancers presenting at younger ages (ie, <55
years), we also calculated trends in vulvar squamous cell carcinoma by age group. The
empirical quantile method was used for all models, which were fit using weighted Bayesian
Information Criterion with grid search and uncorrelated errors. Joinpoint regression was
used to identify significant changes in trends at specific inflection years using a Monte
Carlo Permutation method.18 For our secondary analysis, we calculated AAPCs in the
incidence of potentially HPV-related and HPV-unrelated oral squamous cell carcinoma by
sex. Pairwise tests were conducted using the parametric method to examine differences in
trends between potentially HPV-related and HPV-unrelated oral squamous cell carcinomas.
All trend analyses were conducted using Joinpoint software (version 5.0.2). Statistical
significance was evaluated at an a. level of 0-05.

Role of the funding source

Results

The funders of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report.

Between Jan 1, 2011, and Dec 31, 2021, females aged 15 years and older in South Africa
contributed to more than 227 million person-years (appendix p 3). 177 934 300 (78:1%)

of 227 740 787 females were Black, 22 672 279 (10-0%) were White, 20 778 800 (9-1%)
were Coloured, and 6,355,408 (2:8%) were Asian. The highest incidence of HPV-related
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cancers in females was cervical carcinoma (incidence 30-4 cases per 100 000 person-years
[95% CI 30-2 to 30-6]; table 1). The overall trend in cervical carcinoma incidence was not
significant between 2011 and 2021 (AAPC -0-1 [95% CI -1.-8 to 1.8]; figure 1); incidence
was stable between 2011 and 2016, after which a significant decline of 2:7% on average per
year (95% CI 0-2 to 10-8) was observed between 2016 and 2021 (appendix p 4). 219 cases of
cervical cancer were reported in young females aged 15-24 years (52 cases in females aged
15-20 years and 167 cases in females aged 21-24 years) between 2011 and 2021 (figure

2). Cervical carcinoma incidence was highest among females aged 55-64 years (585 cases
per 100 000 person-years [95% CI 57-5 to 59-5]). By race, cervical carcinoma incidence
was highest among Black females (35-2 cases per 100 000 person-years [34-9 to 35-5]) and
lowest among Asian females (10-5 cases per 100 000 person-years [9-8 to 11-3]). Cervical
carcinoma incidence among Black females was 1-8 (95% CI 1-7 to 1-8) times higher than
the incidence among White females; this relative difference was highest in women aged =75
years (IRR for Black vsWhite females 6-9 [95% CI 6:1 to 7-9]; appendix p 5).

The HPV-related cancer with the second highest incidence among females was vulvar
squamous cell carcinoma (2-3 cases per 100 000 person-years [95% CI 2.2-2-4]; table 1).
Vulvar squamous cell carcinoma incidence was highest in females aged 35-44 years (4-4
cases per 100 000 person-years [4-2—-4-6]). Between 2011 and 2021, vulvar squamous cell
carcinoma incidence increased by 8:0% (95% CI 5-3-13-9) annually (figure 1). Increases
were largely driven by increases in females aged 15-54 years (AAPC for age 15-44 years
10-0% [8:2-13-4]; AAPC for age 45-54 years 10-7% [8-2-14-1]; figure 3). The incidence
of vulvar squamous cell carcinoma was highest among Black females (2-3 cases per 100
000 person-years [95% CI 2-:3—-2:4]), which was 1-2 times (95% CI 1.1-1-3) higher than the
incidence among White females (table 1; appendix p 5). The incidence of vulvar squamous
cell carcinoma was higher for Black females than White females aged 15-44 years (IRR 2-4
[95% CI 2:0-3-0]), but the pattern was reversed for women aged 55 years or older (IRR for
age 55-74 years 0-6 [0-5-0-7]; IRR for age =75 years 0-4 [0-3-0-5]).

The incidence of vaginal squamous cell carcinoma (0-7 cases per 100 000 person-years
[95% CI 0:7 to 0:7]), female anal squamous cell carcinoma (0-6 cases per 100 000 person-
years [0-6 to 0-7]), and female oropharyngeal squamous cell carcinoma (0-3 cases per

100 000 person-years [0-3 to 0-3]) was substantially lower than the incidence of cervical
carcinoma and vulvar squamous cell carcinoma (tables 1, 2). Between 2011 and 2021, the
incidence of vaginal squamous cell carcinoma increased significantly on average by 3-:2%
per year (95% CI 0-5 to 6-6) and the incidence of female anal squamous cell carcinoma also
increased significantly on average by 8:5% per year (2-0 to 23-2). The temporal trend in

the incidence of female oropharyngeal squamous cell carcinoma was not significant (AAPC
0-1[95% CI —4-7 to 5-8]; figure 1). The incidence of vaginal squamous cell carcinoma was
highest among Black females (0-8 cases per 100 000 person-years [95% CI 0-7 to 0-8]);

the incidence of female anal squamous cell carcinoma was highest among Black females
(0-6 cases per 100 000 person-years [0-6 to 0-6]) and White females (0-6 cases per 100

000 person-years [0:-6 to 0-8]); and the incidence of female oropharyngeal squamous cell
carcinoma was highest among White females (0-7 cases per 100 000 person-years [0-6 to
0-8]) and Coloured females (0-7 cases per 100 000 person-years [0-6 to 0-8]; table 2).
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Between 2011 and 2021, males aged 15 years and older contributed to more than 210
million person-years (appendix p 3). 163 531 534 (77-8%) of 210 117 751 men were Black,
20 994 586 (10:0%) were White, 19 079 629 (9:1%) were Coloured, and 6 512 002 (3-1%)
were Asian. The incidence of penile squamous cell carcinoma was 1-4 cases per 100 000
person-years (95% CI 1-3-1-4; table 1), and between 2011 and 2021, the incidence increased
significantly (average increase 6-9% per year [95% CI 3-8-10-7]; figure 1). Incidence of
penile squamous cell carcinoma was highest in men aged 75 years and older (3-9 cases per
100 000 person-years [95% CI 3-4-4-6]; table 1). The incidence of penile squamous cell
carcinoma was the highest for Black males (1.5 cases per 100 000 person-years [95% CI
1.4-1.5]), which was 1.4 times (95% CI 1.2-1.-6) higher than the incidence among White
males; this relative difference was only observed for males aged 15-54 years (appendix p 5).

The incidence of anal squamous cell carcinoma among males was 0-4 cases per 100 000
person-years (95% CI 0-4-0.5; table 2), and between 2011 and 2021, significantly increased
(average increase 9-3% per year [95% CI 6-7-12-7]; figure 1). Male anal squamous cell
carcinoma incidence did not substantially differ by race overall; however, for men aged 55
years and older, the incidence was significantly lower in Black males than White males (IRR
for age 55-74 years 0-5 [95% CI 0-4-0-7]; IRR for age =75 years 0-4 [0-1-0-8]; appendix p
5).

The incidence of oropharyngeal squamous cell carcinoma among males was 1-5 cases per
100 000 person-years (95% CI 1-4 to 1.5; table 2). The temporal trend in oropharyngeal
squamous cell carcinoma incidence was not significant (AAPC 0-4 [95% CI -2-6 to 3-8];
figure 1). Oropharyngeal squamous cell carcinoma incidence was highest in men aged
55-64 years (5-4 cases per 100 000 person-years [95% CI 5-1 to 5-8]) and 65-74 years

(5-3 cases per 100 000 person-years [4-9 to 5-8]; table 2). The incidence of oropharyngeal
squamous cell carcinoma was higher for White men (2-4 cases per 100 000 person-years
[2:2 to 2-6]) and Coloured men (26 cases per 100 000 person-years [2-3 to 2:9]) than Asian
males (0-9 cases per 100 000 person-years [0-7 to 1-2]) and Black males (1-0 case per 100
000 person-years [1:0 to 1-1]).

The incidence of anal squamous cell carcinoma was significantly lower among males than
females (IRR 0-7 [95% CI 0-6-0-8]). However, this relative difference was only observed
among people aged 15-44 years (IRR for age 15-34 years 0-3 [0-2-0-4]; IRR for age 35—
44 years 0-4 [0-4-0-5]), whereas no difference was identified by sex in people aged older
than 45 years (appendix p 6). By contrast, the incidence of oropharyngeal squamous cell
carcinoma among males was 4-8 times (95% CI 4-4-5.3) higher than the incidence among
females; this relative difference generally increased with increasing age, with the largest
male-to-female IRR identified among people aged 55 years and older.

When comparing the incidence of oral squamous cell carcinomas between potentially HPV-
related versus HPV-unrelated cases, the incidence was much higher for HPV-unrelated

oral squamous cell carcinomas than HPV-related cases, and incidence was higher in males
than females (appendix p 7). Among males, patterns differed between HPV-related and
HPV-unrelated oral squamous cell carcinoma incidence (pairwise p=0-001): the incidence
of HPV-related oral squamous cell carcinoma was stable (AAPC 0:4% [95% CI —2:0 to
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2-9]) but significant declines in HPV-unrelated oral squamous cell carcinoma (=3-3% [-4-5
to —2-0]) were observed between 2011 and 2021. Among females, trends in HPV-related
and HPV-unrelated oral squamous cell carcinoma incidence were not significant and did not
differ between each other (pairwise p=0-06).

Discussion

In this national pathology-based registry study in South Africa, between 2011 and 2021,
the incidence of anogenital cancer increased rapidly by 3-2% to 9-3% annually for vulvar,
vaginal, and anal squamous cell carcinoma among females and for penile and anal squamous
cell carcinoma among males. The overall incidence of cervical carcinoma in females and
oropharyngeal squamous cell carcinoma incidence in both sexes remained stable over time;
however, cervical carcinoma incidence began declining in 2016 by 2:7% per year. The
incidence of cervical carcinoma was high, particularly among females aged 55-64 years
(incidence of 58:5 cases per 100 000 person-years). The highest incidence of most HPV-
related cancers was observed in Black South Africans with the exception of oropharyngeal
squamous cell carcinoma, which was highest among White and Coloured individuals, and
for anal squamous cell carcinoma, which was similar across racial groups.

Our results reflect growing concern regarding HPV-related cancers in South Africa. A
previous study in South Africa reported significant increases in vulvar squamous cell
carcinoma among females (16-1% annually) between 1994 and 2012 and anal squamous
cell carcinoma among females (7-2% annually) and males (6:6% annually) between 2006
and 2012.% Between 2011 and 2021, the incidence of both cancers continued to rise

and they were the two most rapidly increasing HPV-related cancers (=8% annually for
both). Increases in vulvar squamous cell carcinoma incidence were most prominent among
younger females, while trends among older females remained stable, which is likely to
reflect the epidemiological heterogeneity between the two biological pathways of vulvar
cancer: (1) HPV-dependent vulvar cancers, which are mostly associated with younger age
and HIV coinfection; and (2) HPV-independent vulvar cancers, which are mostly associated
with older age.1718 Increases in vulvar cancer detection among young and middle-aged
females (aged 15-54 years) could be due in part to improvements in cervical cancer
screening among people with HIV after the 2017 provisions by the South African National
Department of Health, which allowed all females older than 30 years in the public sector to
receive three free cervical cancer screenings every 10 years.19 We also observed large racial
differences among females for both vulvar squamous cell carcinoma and anal squamous cell
carcinoma incidence by age group. The incidence of vulvar squamous cell carcinoma and
anal squamous cell carcinoma was more than two times higher in Black females aged 15-44
years than White females, but these differences inverted for older ages, among which Black
females had significantly lower incidence compared with White females.

Heterogeneity by race and age are potentially rooted in the negative consequences of
Apartheid, during which spatial segregation, economic disenfranchisement, and systemic
racism were prominent, which have led to persistent disparities in HIV prevalence, access
to health-care services, such as antiretroviral therapy, and risk factors associated with
HPV acquisition and progression, especially for Black South Africans.2921 Due to these
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systemic barriers and disparities, in addition to sexual network structures, prolonged
conjugal separation, legacy of migrant labour for Black men, and the cultural value systems
of polygamy in African culture versus European culture, the prevalence of HPV-HIV
coinfection is disproportionately high in young Black females in South Africa, resulting

in more rapid progression to invasive cancer.21:22 Furthermore, differences might be
perpetuated by early sexual debut among Black South African girls, who, due to structural
inequalities and poverty, are more likely to have transactional relationships, and in many
cases, unequal power dynamics with male counterparts, leading to increased risk of unsafe
sex and high HIV prevalence among this population.2® Due to historical and structural
factors, race is a proxy for socioeconomic status, HIV prevalence, and access to health-care
in South Africa; therefore, our race-stratified results could be impacted by unmeasured
confounders, such as social drivers.

In the previous two decades, patterns in the incidence of penile and vaginal squamous

cell carcinoma in South Africa have shifted. Between 1994 and 2012, the incidence of
penile cancer in South Africa significantly declined by 3% annually:® however, our study
found that between 2011 and 2021, the incidence significantly increased by 7% annually.
Additionally, the incidence of vaginal squamous cell carcinoma was stable between 1994
and 2012,8 but significantly increased by 3% annually between 2011 and 2021. Changes

in trends could partly be explained by enhanced case ascertainment after the South African
National Health Act made cancer a mandatory reportable disease in 2011.11 However, other
epidemiological reasons for the upward trends should be further investigated.

Despite cervical cancer screening availability, cervical carcinoma incidence remains high
and largely unchanged, with some declines starting in 2016. Although free cervical cancer
screenings are available, only 56% of South African females aged 30-49 years were ever
screened for cervical cancer in 2020.24 Common barriers to screening include lack of access
and knowledge of cervical cancer.2®> Even among screened females, some never receive
results and few book follow-up appointments; even when appointments are booked, waiting
times for care could be up to 15 months while the cancer freely progresses.2® South African
females with confirmed high-grade cervical lesions have low treatment rates (as low as
16%),2” which emphasises the inefficiencies within the health-care system in linking women
with confirmed precancers to appropriate and timely treatment. A possible solution to the
loss in follow-up could be offering same-day so-called screen and treat using HPV-based
screening. Although declines in cervical cancer from 2016 onward are promising, cervical
cancer screening, timely treatment of precancers, and HPV vaccination should continue to
be prioritised to accelerate declines.

The impact of HPV vaccination on cancer reduction in South Africa is not expected to occur
for at least a decade, when HPV-vaccinated girls reach cancer-susceptible ages. The free
school-based HPV vaccination programme in South Africa was only introduced among girls
aged 9-10 years in 2014.22 HPV vaccination coverage was initially high (>80% in 2014) but
substantially declined during the COVID-19 pandemic.22 In addition to interruptions in HPV
vaccination programmes during the COVID-19 pandemic, HPV vaccine supply shortages
remain a major limitation. As a solution, South Africa implemented a single-dose HPV
vaccination programme in April, 2024, which could enhance coverage, reduce costs, and
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simplify vaccine delivery moving forward. Importantly, South African males are relying on
herd immunity and reduced HPV prevalence in females to reduce HPV-related cancers in
males; however, the prevention of HPV cancers that are more prevalent in males who have
sex with males, such as anal cancer, should also be prioritised.

Our study also showed significant declines in HPV-unrelated oral squamous cell carcinomas
among males between 2011 and 2021. This could be due to the strict tobacco control

laws implemented in 1999, which banned public smoking, tobacco advertisements and
sponsorships, and the sale of tobacco products to minors.28 Our results also showed that
HPV-unrelated oral squamous cell carcinoma incidence was much higher among males than
females, likely due to higher tobacco use among South African males (26%) than females
(13%).28 Despite the promising declines in HPV-unrelated oral squamous cell carcinoma
incidence among males, the smoking rate among South Africans remains the highest in sub-
Saharan-Africa, signalling the need for continued tobacco control for cancer prevention.28

Our study was limited by the lack of tumour confirmation for HPV positivity. To

accurately characterise trends in HPV-driven cancers, evaluating markers of HPV-induced
carcinogenesis in tumours is warranted, especially for non-cervical cancers. Additionally,
we did not have data on HIV or antiretroviral therapy status; thus, findings might have
masked important differences between people with and without HIV. For example, incidence
of HPV-related cancers is significantly higher among people with HIV than those without
HIV, and this association is higher among younger people than older people.2? To better
understand the role of HIV in HPV-related cancers, future studies should characterise trends
in anogenital and oropharyngeal cancers disaggregated by HIV and antiretroviral therapy
status. Because the registry data were obtained from pathology reports, non-laboratory
diagnosed cancers were not included, such as clinically diagnosed cancers (around 14—
27%),30 for which a cervical cancer was visible on the cervix but a biopsy was not taken for
histological confirmation; therefore, our results might be underestimated.

A key strength of our study was the access to national-level pathology report data from all
public and private health-care laboratories in the country, which report to the South African
National Cancer Registry, the country’s main source of cancer incidence data that is used

to generate reports of annual cancer statistics that inform cancer policy and guidelines.
Consequently, our data had large sample sizes with more robust estimates than other studies
that only included one or two provinces or regions in South Africa. Our study is also the
most recent and comprehensive study of trends in HPV-related cancers in South Africa.

In conclusion, we observed increasing trends in most HPV-related cancers in South Africa
between 2011 and 2021. Cervical cancer contributed to most HPV-related cancers; therefore,
strengthening the cervical cancer cascade of care from primary and secondary prevention

to treatment is crucial to reduce the overall burden of HPV-related cancers in South

Africa. Furthermore, we identified the emergence and increasing importance of vulvar
cancers among young females. High incidence of cervical and vulvar cancer indicates that
females bear the brunt of HPV-related cancers; integrating HPV-related cancer prevention
into sexual and reproductive programmes or through decentralised mechanisms, such as
using home-based self-sampling, could be strategic. Because cancer services are mostly
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centralised in high-income urban areas, which limits access in low-income and rural areas,
decentralising cancer care services and building cancer care capacity in primary health-care
settings throughout the country would minimise cancer disparities. Additionally, considering
that Black individuals represent nearly 80% of the South African population, have the
highest incidence of most HPV-related cancers, and have the highest HIV burden in the
country, reducing HPV-HIV coinfections in this population by increasing access to and
uptake of HIV prevention and treatment methods could accelerate reductions in HPV-related
cancer incidence. Health promotion efforts in South Africa could also be improved by

better equipping front-line health-care workers with knowledge about preventing HPV-HIV
coinfections.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed for peer-reviewed articles published between Jan 1, 2014, and

Oct 8, 2024 using the search terms: (“South Africa”[Title/Abstract] AND incidence[Title/
Abstract] AND trend*[Title/Abstract]) AND (cervical[Title/Abstract] OR vulvar[Title/
Abstract] OR vaginal[Title/Abstract] OR penile[Title/Abstract] OR oropharyngeal[Title/
Abstract] OR anal[Title/Abstract]). Our search yielded ten articles. Four articles were not
applicable because they did not report on human papillomavirus (HPV)-related cancer
incidence or trends over time. Of the remaining six studies, three reported only on

one or two provinces or regions in South Africa and an additional study reported on
cervical cancer trends among people with HIV only, which might not be generalisable

to the entire country. Only two studies described national trends in HPV-related cancer
incidence in South Africa, of which one study reported that annual cervical cancer
incidence declined by 1% between 1994 and 2009, but increased significantly (by

3%) annually for females aged 25-34 years between 2000 and 2009. The other study
reported significant increases in vulvar and penile cancer incidence between 1994 and
2012, but stable trends in vaginal cancer incidence during this time. The study also
reported increases in anal cancer incidence between 2006 and 2012 and decreases in
oropharyngeal cancer between 1996 and 2005.

Added value of this study

To our knowledge, our study is the most up-to-date and comprehensive evaluation

of national HPV-related cancer trends, including cervical, vulvar, vaginal, penile,
oropharyngeal, and anal cancers, in South Africa. Using the South African National
Cancer Registry, we reported trends in HPV-related cancers between 2011 and 2021
and compared rates by sex, age, and race. Our results add to the existing literature by
demonstrating the persistently high burden and incidence of cervical cancer in South
Africa, particularly among Black females (incidence 35-2 cases per 100 000 person-
years), and among females aged 55-64 years (58-5 cases per 100 000 person-years). We
also observed a continual and rapid rise in vulvar and anal cancer incidence and observed
a shift in trends for penile cancer (from significant declines to significant increases),
vaginal cancer (from stable trends to significant increases), and oropharyngeal cancer
(from significant declines to stable trends) from previous reports. A major finding was
that the incidence of vulvar cancer rapidly increased by 10% among women aged 15-44
years and by 11% among women aged 45-54 years on average per year between 2011
and 2021, which is notable considering that vulvar cancers among these age groups are
most often associated with HPVV-HIV co-infection.

Implications of all the available evidence

In the past decade, the incidence of anogenital cancers has significantly increased in
South Africa, with the exception of cervical cancer, which generally remained stable
but started declining in 2016. Despite these declines, cervical cancer remains a large
problem in South Africa, emphasising the need to improve cervical cancer prevention,
including prioritising HPV vaccination, cervical cancer screening and follow-up, and
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timely treatment of cervical precancers. Additionally, rapid increases in vulvar cancer
incidence among young females highlights the increasing importance of HPV and HIV
prevention in South Africa.
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Figure 1: Changes in age-standardised incidence of HPV-related cancers in South Africa in

women (A) and men (B) between 2011 and 2021

Joinpoints were detected for cervical carcinoma (2016), vulvar squamous cell carcinoma

(2019), vaginal squamous cell carcinoma (2015), and anal squamous cell carcinoma in
females only (2019); thus, the AAPC for these cancer sites reflects the AAPC of both

period segments before and after the joinpoint. AAPC=average annual percentage change.

HPV=human papillomavirus. *p<0-05.
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The white dots indicate the 25th, 50th, and 75th percentiles.

Lancet Glob Health. Author manuscript; available in PMC 2025 August 20.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Shing et al.

Page 18

Number of vulvar squamous cell carcinomas

10

800~ [ =>75years —@- Incidence
[ 55-74 years (aged =15 years)
[ 45-54 years
[ 15-44 years
600
400
200
CNI’»I% b(l(’)lbll\l(blo}lgl,\/
% 34
U R R P
Year

(sseak-uosiad 000 00T 42d) 2duapidul pasipepuels-aby

Age-standardised incidence (per 100000 person-years)

104

—— AAPC10-7 (95% C1 8-2t0 14-1)*  ® 45-54 years
— AAPC-1-3(95% C1-5-9t03-8) @ =75years

—— AAPC4-3(95%Cl-0-2t09-7)  ® 55-74 years
— AAPC10-0 (95% Cl 8-2t013-4)* @ 15-44 years

%

T T T T

> O D WX S b A
» P DS
S S S

T T T T T 1
& O O
3\ 2 v {V
R SR S
Year

Figure 3: Burden, incidence, and trends in vulvar squamous cell carcinoma in South Africa

(2011-21) by age group

AAPC=average annual percentage change. *p<0-05.

Lancet Glob Health. Author manuscript; available in PMC 2025 August 20.




Page 19

Shing et al.

*A11saoue Ueiseane) pue uedliyy Yyloq yum ajdoad sepnjoul ydiym ‘(eaLiyy Yinos sonsifels) snsuad UedLlyy Yinos ayl Ag pasn si painojod wiial ay L

1

'sieak-uostad 000 00T Jod
¥

‘snainewo|jided uewny=AdH

(09-6¥) 16 (6T-LT)8T 868 (€9-T1) 16 (8:0-20) 20 08y (es-L8) ev (ce-67) 0€  650C (09-1v) 67  (c'06-v'62) 862 €E0 6T T2-610C
(09-€¥) 05 (ST-2T)eT 2 (z9-2v) 16 (8:0-2:0)80 TOE (5€5-9¢) £ (9z-€2)G¢ 9S0T (09-Tv) 67  (9:0e-G'6¢) 00 92T 2T 81-L102
(€9-¢€¥) 16 W17 eT vl (59-0v) €5 (6:0-2:0)80 0OT€ (26-9¢) ev (Szca)eec 196 (09-1tv) 05 (T've-0-€€) Ge€  v88 2T 9T-GT02
(T9-1v) 6Y (10T TT €1€  (19-0%) G05 (2050090 9z (09-9¢) 9¥ (8T-6T) 9T 989 (t19-1%) 05 (962-782) 062 9¥9 0T yT-€10C
(€9-0%) TG (T1-60)0T €2 (T9-2¢v) 28 (£:0-50)90 80T (65-6€) 9v (9T-€T)GT 6€5 (T9-T¥) 05 (9-0e-162) 0:0¢ .8 OT 21-1102
Jes A
(9v-ve) e 291 (8T-2zT) ST 91T (05-0v) ¥ 0S¢ (e15-28v) L'6Y  688€ GI=
(re-L2)0€ 6.2 (L1-£1)8T 012 (Te-s2) 8¢ z6e (9v5-2'2s) €S SovL v.-G9
(8z¢c2)se Loy (91T vT 81 (0e-s2)8c 0g9 (565-G'26) 585  OvE €T ¥9-G§
(0e-90)8c L&L (T-TT)ET  88E (9e-z€) ve  6Y0T (085-€95) 2L §L9!LT ¥5-G¥
(ST-€TD¥T 185 (6:0-2:0)80 €ve (Ov-—cv) vy 98T (LTr-50r) TTY 8.8 9T vv—-GE
(z0—z0)zo 61T (e0-z0) 20 6€T (LT-ST)9T /€6 (6'6-76) 96 0.5 ve-Ge
(000000 § (0000000 TIT (T0-1:0) T0 €S (ro-€0)v0o 6T ¥2-ST
sieak
‘dno.b eby
(e9-v¥) 28 €z (L9-5¥) 525 2 (65-28) 55 0L (65-Tt) 6 9 umouun
(99-6¥) LS (T1-20)60 vS (z2-29) 19 (L:0-70) 50 6€ (7.-T9) 59 (LT-2T)vT 60T (e9-ev)es  (€11-86)S0T €GL uelsy
(19-9v) 585 (1780060 9vT  (99-L¥) 595 (900 g0 0T (S9-Tv) 25 ®TvT T Lee (09-2v) 15 (T0z-6'8T) S6T  6vIv 4Painolod
(vL-29) €9 (¢1-60)0T 21€ (0£-08) 09 (90-0)50 29T (9L-67) €9 (Tz8T)6T 889 (65-1v) 67  (v:0c-2'6T) 86T €66V UM
(16-2v) 6Y GT-v1)eT st (09-0V) G6v (8:0-,:0)80 06TT (6v-5€) TV (rze2)ez e60v  (09-1v) 05  (S:SE-6VE) 2GE  OVI S foelg
aoey
(T9-¢€¥) 05 wT-€T)vT 0822 (z9-1¥) 16 (£:0-20) 20 Gest (55-9¢) ev (rz—ca)ee Lyes (09-T¥) 05 (9:0€ '2°0€) ¥°0¢ 9T G9 1le19A0
(401 sresk {10 (401) sreak N(s) (401 s1esk {10 (401) sreak {10
‘abe ueIpal  94G6) @oUBPIOU| u  ‘abe ueIPIIN  9%G6) doUBPIOU] u  ‘ebe UBIPAIN  94G6) doUBpPIOU| u  ‘ebe URIPAIN  94G6) oUBPIOU| u

BLIOUIDIRD [[30 snowenbs ajitad

BUWIOUIDIRD [[30 snowenbs [euibes

BUIOUIDIRD |[30 SNOWenDbs JeAnA

eWoUIDIR) [edIAIB)

(T2-1102)

AnsiBay 19oue) [euoneN URdLILY YINoS ayl Ul S1adued pale|al-AdH d110ads-xas Jo sieak-uosiad 000 00T J9d aouapioul pasipiepurels-aby T a|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 August 20.



Page 20

Shing et al.

*A11S80UR URISLINED pUR URdLYY 410g yum ajdoad sapnjoul yoiym ‘(eaLiy YInos sonsiels) snsusd UedLyy YInos ayi A pasn si painojoD wie ay |

i

'sieak-uosiad 000 00T Jed
*

(29-¥5) 09 (LT-¥T)GT 289 (£9-¢5) 09 (e0-€0)€0 6.7 (L5-T¥) 67 (20-50)90 61¢ (s5-28) e (60-80)80 695 T¢-6102
(99-¥5) 09 (9T-€£T)6T 9Tp (£9-¥5) 09 (r0-€0)€0 €eT (65—¢t) 05 (S0-v0)v0 vt (95-8¢) v (20-90)90 192 81-L102
(59-€5) 09 (9T-€T)GT 88¢ (29-19) 09 (ro-e0)vo Lzt (95-0v) 9y (so-e0)v0 [let (25-9¢) v (2:0-90) 20 892 91-§10¢
(519
(59-€5) 65 w117 eT 81 (5€9-16) 85 (e0-z0)20 08 -52v) S 16 (r0-€0)€0 6 (09-9¢) 6v (S0€0)v0 €T YT-€T0C
(59-26) 85 (8T-6T) 9T 96€ (89-¢€3) 09 (r0-€0) €0 50T (co-¢v) 18 (e0-z0)e0 &L (e9-5¢) L (r0-€0) 70  6ET 2I-T102
JesA
(ov-82) ve 6eT (L0¥0)90 ¢v (T1-50)80 ¢ (eT-80)TT €8 G/=
(856v) €S 86Y (eT-6:0) TT ST (01-90)80 9L (T1-L0)60 Get v/-G9
(86-T9)vs vi6 (T1-80)0T 912 (01-20)80 VT (6:0-2:0)80 08T ¥9-G§
(Tz81) 6T €15 (90-v0) 50 8rT (01-80)60 vET (T1T-80)0T €62 vS-Gy
(ro—z0) €0 SIT (To-T0) 10 2v (90-70) 50 86T (eT-TT)2T 18 yy—G€
(00-00)00 T2 (00-00)00 1T (To-00)1T0 TL (z0-c0)zo ez vE-GT
sieak
‘dnoJb aby
(79-€5) 19 6 (69-15) 85 og (z9-5-0v) 05 91 (65-6€) LY 8¢ umouxun
(529
(99-v5) 65 (¢1-L0)60 S (29-8v) 29 (ro-10)20 8T -509) LS (s0-z0)e0 o2 (85-vv) 6 (ro-10) 20 /LT ueISY
(9-€3) 65 (6zv2)9z Sz (99-25) 65 (8:0-90) L0 8ET -G1Y) mmm (50-€0) 0 2L (s9-0v) 25 (50-v0) 0 S6 £ P3IN0I0D
(89-59) 19 (9z-z2) ve 269 (29-59) 29 (80-90) 20 822 (02-19) 19 (90-70) 50 9T (T2-09) 29 (80-9:0)90 /02 3HUM
(59-€5) 65 (TT-0T)0T 6.6 (59-09) LS (zo-T0)T0 002 (eg-6€) 9 (7 0-v0)v0 TIS (05-9¢) T¥ (90-90) 90 6£0T oelg
aoey
- (ST-1) 6T  002C (29-29) 09 (e0-€0)e0 v19 (85-1v) 67 (G070 v0 GGL  (595-L8) vy (2:0-90)90  96€T 11e19A0
((4O1) sreak NG (4O1) sreak {10 (4O1) sresk 10 (401) sresk N(s)
‘abe ueIpalN  94G6) 8oUaPIDU| u ‘abe uelpaIN  94S6) 8ouUapIdU| u ‘afe UeRIPAIN  9%4G6) BoUBPIU| u ‘abe ueIpalN  94G6) 8oUaPIOU| u
9leIN alewsH 3N 9lewsd

BUIOUIdIRD 132 snowenbs eabuAteydolO

BWIOUIDIRD (30 snowrenbs [euy

(T2-1702) x8s Aq Ansibay 18oue) [eUOBN UBDLY YINOS 8y}
Ul BWOUIDIRI |99 snowenbs [eue pue ewouldied |99 snowenbs [eabuAreydolo jo sieak-uosiad 000 00T J2d aduapioul pasipiepuels-aby :z a|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Glob Health. Author manuscript; available in PMC 2025 August 20.



	Summary
	Introduction
	Methods
	Data sources
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1:
	Table 2:

