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ARTICLE INFO ABSTRACT

Background: HPV infection causes several cancers which include cervical, vaginal, vulval, penile and orophar-
yngeal cancer (OPC). Understanding the burden of HPV-related cancers is important for guiding cancer pre-
vention and treatment interventions.

Methods: To inform policy, we analysed trends of age-standardised incidence (ASIR) and mortality (ASMR) rates
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IC:C I;ZZ;Ce for HPV-related head and neck (HNC) and anogenital cancers (AGC) in South Africa between 1994 and 2013.
Mortality Results: A total of 1 028 330 incident cancers and 617 044 cancer-related deaths were reported during the study

period. The overall ASIR (-5.5%) and ASMR (-2.2%) for HNC declined, in part related to the anti-smoking
legislation. In contrast, incidence (2.9%) and mortality (0.8%) rates for AGC increased with the rising HIV
prevalence. ASIR for oral cavity cancer (OCC: -6.3%) and laryngeal cancer (LC: -11.3%) declined, including
mortality associated with these cancers (OCC:-1.9%, and LC:-2.6%). However, oropharyngeal cancer showed a
slower rate of decline in ASIR (-4.4%) and ASMR did not change. Compared to women, ASIR and ASMR for HNC
were 3-fold higher among men. ASIR for both anal (7.5%) and vulval cancer (16.1%) increased. Median age at
diagnosis of vulval cancer declined by 18 years (p-value = 0.01). Mortality rates for anal (3.9%) and vulval
(2.6%) cancer increased. ASIR (-3.2%) and ASMR (-2.0%) for penile cancer declined. Rates for vaginal cancer did
not change.

Conclusions: Anal and vulval cancers have increased over the reporting period. There is need to continuously
monitor trends of these cancers. Implementation of HPV vaccination could significantly reduce the burden of
HPV-related cancers.

South Africa

1. Introduction

The overall incidence of head and neck cancers (HNC) has declined
in recent years in high income countries (HIC) [1]. A closer analysis has
shown two patterns: an increasing trend for HPV-related HNC that
mainly arise from base of the tongue, tonsils and other oropharynx
(oropharyngeal cancer [OPC]) and a declining trend for HNC from
other oral sites (oral cavity cancer [OCC]) and laryngeal cancers (LC).
For instance, the population-level incidence of HPV-positive OPC in the
US increased by more than 200% between 1998 (0.8 per 100 000) and
2004 (2.6 per 100 00) [2]. The declining trend for OCC and LC is

consistent with the decrease in tobacco use which is a strong risk factor
for these cancers [1,3,4]. Similarly, reports from HIC show increases in
incidence of anal cancer [5,6]. Anal cancer incidence is estimated to be
70 per 100 000 among people living with HIV (PLHIV), but increases to
131 per 100 000 among men who have sex with men [6,7].

HPV infection is a known risk factor for OPC and anogenital cancers
(AGQ) including: anal, cervix, penile, vulvar and vaginal [8]. The rising
OPC and anal cancer incidence may be attributable to increases in HPV
prevalence associated with changes in oral and anal sex practices over
time respectively [2,7]. Whilst HPV is responsible for almost all cases of
cervical cancer, it is important to note that the population attributable
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fraction (PAF) for the other HPV-related anogenital cancers varies [9].
The PAF for OPC, anal, penile, vulvar and vaginal cancers are estimated
to be 31%, 88%, 50%, 25% and 78% respectively [8]. Other important
risk factors for these cancers are smoking, alcohol, older age as well as
phimosis and poor hygiene for penile cancer [4,10-12].

HIV increases the risk of HPV infection, persistence and progression
to pre-neoplastic lesions [13-15]. While excess mortality associated
with these cancers has not been uniformly observed in regions of high
HIV prevalence [16], this can be explained by premature death from
more acute causes in the absence of highly effective antiretroviral
therapy (ART) early on in the epidemic [14]. With expanding access to
ART we may see an increase in HPV-related cancer in countries with
high HIV prevalence like South Africa, as life expectancy improves and
progression to invasive cancers occurs [7,17].

There are fewer data on trends of HPV-related cancers in low and
middle income countries (LMIC), particularly in sub-Saharan Africa [8].
This may be attributed to poor cancer surveillance and absence of high
quality cancer registries in the region [18]. It is important to under-
stand the patterns of HNC and AGC in South Africa over the past two
decades. This period covers the transition to democracy and increasing
access to health care for all race groups [19]. It was also when HIV
incidence began to rise prior to widespread ART access. In addition
during this period, strong anti-tobacco legislation was implemented
with the goal of reducing disease burden linked to tobacco use [20]. In
the absence of comprehensive population based cancer registry data,
we used the pathology based cancer registry data to understand the
patterns and trends of HPV-related cancers. Despite the limitations,
pathology-based registries can yield very useful insights, providing the
results are interpreted with due care as to its inherent biases [21]. We
evaluated burden of HPV-related cancers other than cervix from 1994
through to 2013. We present trends in incidence and mortality rates
stratified by age groups, gender and ethnicity.

2. Methods
2.1. Data sources

Sources of data were the South African National Cancer Registry
(NCR) pathology-based cancer incidence reports for 1994 to 2012 and
mortality reports from Statistics South Africa (Stats SA) for 1997 to
2013.

2.2. South African NCR methodology

The NCR is a pathology-based cancer registry. It records all la-
boratory diagnosed cancers from private and public healthcare la-
boratories in SA. The methodology of the NCR has been described
previously [22]. In short, the data which include patient demographics
and tumour characteristics are extracted from pathology reports. An
imputation imputation is used to impute missing data on population
group. [23]. The cancer cases are coded according to the International
Classification of Diseases for Oncology Version 3 (ICD-O3) morphology
and topography classifications [24]. An analysis has been done on the
repeatability of manual coding and it has been shown to be high and
within the acceptable standards [25]. From 2005 to 2010, private
health laboratories withheld cancer reports owing to concerns re-
garding voluntary sharing of patient data. However this represented a
minimal impact on overall cancer reporting, with a net decrease of less
than 4% [26]. Since 2011, Regulations relating to cancer registration
have ensured that reporting is more complete.

2.3. Stats SA methodology
Stats SA collects and disseminates statistics on the causes of death in

SA using the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) [27]. A cancer death was defined as
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any death where a cancer was recorded as the main or underlying cause
of death.

2.4. Data analysis

The head and neck cancers (HNC) were divided into three main
groups, using a classification adapted from Lam et al. [28], which were
namely: OPC [base of the tongue (C01.9), soft palate (C05.1), tonsil
(C02.4; C09.0-C9.9), uvula (C05.2), oropharynx (C10.0-C10.9), Wal-
deyer’s ring (C14.2)]; Oral cavity cancer (OCC) [anterior two thirds of the
tongue (C02.0-3, C02.5-9), lip (C0.0-C0.9), gum (C03.0-C03.9), floor of
the mouth (C04.0-C04.9), hard palate (C05.0), palate unspecified (C05.9),
other oral cavity (C06.0-C06.9), pharynx not otherwise specified (14.0),
overlapping lesion of the lip, oral cavity, pharynx (14.8)]; and Laryngeal
cancer (LC) [glottis(C32.0), supraglottis (C32.1), subglottis (C32.2), lar-
yngeal cartilage (C32.3), other larynx not specified (C32.9) and hypo-
pharynx cases (C13) including the pyriform sinus (C12.9)]. Anogenital
cancers (AGC) were classified as anal (C21), penile (C60), vulval (51)
and vaginal (C52).

Age-standardised incidence rates were computed from the NCR re-
ports from 1994 to 2012 using the direct method which allows for
comparison of results across populations. Since the HNC cases were far
higher in males than in females, ASIRs were also reported by population
groups for men. The population groups include Black, White, Coloured
and Asian/Indian. Age specific incidence rates were calculated using
Stats SA mid-year population denominators for five or 10-year age ca-
tegories for 4 periods viz: 1994-1998, 1999-2003, 2004-2008 and
2000-2012. The direct method of standardisation (Segi World Standard
Population) was employed to calculate age-standardised mortality rates
(ASMR) using the Stats SA mid-year population estimates as denomi-
nators. Sensitivity analyses were done by incorporating external data on
the trends in smoking and antenatal HIV prevalence to determine if
these would explain the observed trends in cancer incidence.

Annual percentage change (APC) was calculated to assess the ASIR
and ASMR trends of the cancers using the linear regression: log
(ratey) = by + by with log (ratey) being the natural log of incidence/
mortality rate in year y as described previously [29]. The APCs and p-
values were calculated using the formula: (e®* — 1) X 100 from the
Joinpoint Regression Program, version 4.3.1.0 to quantify the magni-
tude of changes in cancer incidence and mortality trends over time
[30]. A p-value < 0.05 indicates a significant change in trend.

3. Ethics

The NCR was granted an ethics waiver (Number: W-AW_220909-2)
by the University of Witwatersrand Human Research Ethics Committee
(Wits HREC) for research performed on its surveillance data. The cur-
rent study was approved by Wits HREC (Reference: M160859).

4. Results
4.1. Incidence

During the period 1994 to 2012, a total of 1 028 330 cancers were
reported to the NCR. Of these, 38 035 (3.7%) were HNC with OPC
reflecting the greatest contribution (1.5%) followed by OCC (1.1%) and
LC (1.0%). AGC as a group contributed 0.9% of the cases (Table 1). The
overall ASIR trend for HNC combined showed three distinct phases: an
initial non-significant rise from 1994 to 1996 (APC = 13.1%; p-
value = 0.1), followed by a longer significant decline in incidence from
1996 to 2005 (APC=-5.5%; p-value = 0.01), and a subsequent small
non-significant increase (APC = 1.1%; p-value = 0.3), from 2005 until
2012. Though the incidence of AGC is 5-8 fold lower than HNC, it in-
creased significantly (APC = 2.9%, p-value = 0.01) over the reporting
period (Fig. 1a). The rise in AGC incidence is exponentially related to
the increase in HIV prevalence with an R-squared value of 0.49
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Table 1

Incident and mortality cases for HNC and AGC cancers.
Incidence Mortality
Year All HNCs All AGCs OPC occ LC All HNCs All AGCs OPC occ LC
1994 1704 287 690 531 483 - - - - -
1995 1976 314 821 564 591 - - - - -
1996 2205 278 847 707 651 - - - - -
1997 2195 302 842 658 695 1138 121 125 505 430
1998 2219 310 844 678 697 1139 129 115 529 411
1999 2111 523 833 597 681 1194 132 122 546 437
2000 1986 575 793 563 630 1137 149 106 537 421
2001 2090 576 877 597 616 1205 154 143 549 415
2002 2019 519 846 626 547 1229 167 144 535 444
2003 1869 534 799 547 523 1230 156 131 582 406
2004 1849 555 769 538 542 1264 183 121 631 443
2005 1797 507 772 547 478 1255 187 133 636 415
2006 1950 496 839 576 535 1193 194 152 590 380
2007 1901 577 797 581 523 1113 195 135 539 375
2008 1953 630 794 591 568 1167 215 137 523 427
2009 1966 628 835 566 565 1178 202 169 525 391
2010 2041 725 793 626 622 1192 231 165 557 386
2011 1981 762 835 588 558 1204 237 160 546 412
2012 2223 845 997 653 573 1266 240 163 577 443
2013 - - - - - 1201 241 179 556 385
Totals 38035 9943 15623 11334 11078 20305 3133 2400 9463 7021

HNC: Head and neck cancer; AGC: Anogenital cancer, OPC: Oropharyngeal cancer, OCC: Oral Cavity Cancer and LC: Laryngeal cancer.

(Supplementary Fig. 1).

The ASIR trends for the three individual HNC mirror the overall
trend of HNC as a group with relatively slower decline for OPC (APC
1996-2005=-4.4%, p-value = 0.01) compared to OCC (APC1996-
2004=-6.3%, p-value = 0.01 or LC (APC 1999-2003=-11.3%, p-
value = 0.01; Fig. 1b).

The individual AGC show different patterns with an increase for
anal cancer (APC 2005-2012 = 7.5%, p-value = 0.01) and vulval
cancer (APC 1994-2012 = 16.1%, p-value = 0.01). The median age at
diagnosis of vulval cancer has declined by 18 years (from 64 years in
1994 to 46 years in 2012, p-value = 0.01). Age specific incidence rates
for vulval cancer have increased among women younger than 50 years
(e.g. 0.1 in the 1994-1998 period vs 1.7 per 100 000 in the 2009-2012
period among women aged 30-39) (Supplementary Fig. 2). There was a
decline in incidence of penile cancer (APC 1994-2012=-3.2%, p-
value = 0.01) and no significant change for vaginal cancer (APC
1994-2012 = 2.3%, p-value = 0.6; Fig. 1 c).

HNC incidence is 3-5 fold higher among men compared to women.
Among men, all three HNC declined with a pattern similar to that for
each individual HNC showing a slower decline for OPC (APC 1996-
2005=-4.6% vs. APC 1996-2004=-6.8% for OCC and APC 1997-
2003 =-9.1% for LC). Results from sensitivity analysis suggest that the
declining trends in HNC among men are largely related to decline in
smoking prevalence among men (Supplementary Fig. 3 a). In contrast,
there was no significant change in HNC incidence among women and
this trend also mirrors the prevalence of smoking among women which
has been static (Fig. 2a & b; Supplementary Fig. 3b). Among men, the
median age at diagnosis for OPC (range 55-58 years) was 4 years
earlier than for LC (range 59-61 years). However, anal cancer ASIR
increased in both men (APC = 6.6%, p = 0.01) and women (APC =
7.2%, p = 0.01) between 2006 and 2012 (Fig. 2a & b).

Further analysis show that, among men, the ASIRs for all the HNC
were highest among Coloured males followed by White males, Black
males and Asian males. ASIRs for Black males, show a sharp increase
2-4 years after 1994 and the overall incidence did not decline sig-
nificantly thereafter for the three HNC. Rates for White males decreased
significantly for all the three HNC (OPC: APC 1994-2006 =-3.1%; p-
value = 0.01; OCC: APC 1994-2012=-2.2%; p-value = 0.01 and LC:
APC 1994-2006 =-4.9%; p-value = 0.01). No clear inferences on trends
could be made for Asian males due to smaller numbers (Supplementary
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Fig. 4 a—c).

4.2. Mortality

Of the total 617 044 cancer-related deaths reported during the 1997
to 2013 period, 20 305 (3.3%) were attributable to HNC. The greatest
number of deaths were from OCC (1.5%) or LC (1.4%) with fewer
deaths observed for OPC (0.4%). AGC combined contributed slightly
more deaths (0.5%) than OPC alone (Table 1). The overall ASMR for the
HNC declined by 2.2% (1997-2013; p-value = 0.01). However the rate
plateaued at 3 per 100 000 from 2007 until 2013. AGC had a modest
increase (APC 1997-2013 = 0.8%, p-value = 0.01) but the absolute
rate is low (Fig. 3a). Mortality rates for OPC were 4-fold lower than
OCC or LC and did not change during the reporting period. OCC (APC
1997-2013 =-1.9%, p-value = 0.01) and LC (APC 1997-2013 =-2.6%,
p-value = 0.01) rates declined (Fig. 3b). Anal cancer (APC
1997-2013 = 3.9%, p-value = 0.01) and vulval cancer (APC
1997-2013 = 2.6%, p-value = 0.01) rates increased whilst those of
penile cancer declined (APC 1997-2013=-2.0%, p-value = 0.01).
Mortality rates for vaginal cancer did not change (Fig. 3c).

There were gender differences in mortality rates. The ASMR among
males for all the three categories of HNC was 2-6 fold higher compared
to that of females. Among males, mortality rates for OCC (APC
1997-2013=-5.6%, p-value = 0.01) and LC (APC = 1997-2013=-
2.6%, p-value = 0.01) declined whilst the rates for OPC were static
(APC 1997-2013 = 0.2%, p-value = 0.7). For females, the ASMR for LC
(APC 1997-2013=-3.2%, p-value = 0.01) declined but those for OPC
and OCC did not change. The mortality rates for anal cancer increased
among females (APC 1997-2013 = 5.9%, p-value = 0.01) but not for
males (APC 1997-2013 = 2.2%, p-value = 0.1) (Fig. 4a & b).

The ASMR for all the three HNC were highest among Coloured
males followed by Black males, White males and Asian males. Black
men had an initial decline from higher rates in the 1997-1999 period,
however the rates did not change significantly after 2003 for all the 3
HNC. White men had lower mortality than Black men (despite having
higher incidence). The rates amongst White men have declined for OCC
(APC 2005-2013=-4.2%, p-value = 0.01) and LC (APC 2000-2013 =-
2.0%, p-value = 0.01) but not for OPC (APC 1997-2013 = 0.1%, p-
value = 0.01). Mortality rates for Asian males were difficult to interpret
due to small numbers (Supplementary Figure 5 a—c).
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Fig. 1. Age Standardised Incidence Rates (ASIR) between 1994 and 2012. (a) Overall; (b) Individual HNG; (c) Individual AGC. APC: Annual Percentage Change; ART:
Anti-Retroviral Therapy; LC: Laryngeal cancer; OCC: Oral Cavity Cancer; OPC: Oropharyngeal Cancer. *HIV prevalence obtained from the National Antenatal HIV Surveys.

5. Discussion

As reported in other settings, a decrease in overall incidence and
mortality rates for HNC was observed [31]. However, the overall ASIR
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and ASMR for AGC increased. We hypothesise that trends for HNC are
related to the declines in tobacco smoking as a result of the anti-tobacco
legislation in SA since 1993 since the alcohol consumption per capita
has remained stable at 8 liters [20,32,33]. However the increase in AGC
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Cavity Cancer; OPC: Oropharyngeal Cancer.

is possibly related to the rising HIV prevalence which is known to in-
crease the risk of HPV infection, persistence and progression cancer
[14]. The overall ASIR for HNC are similar to what has been reported
previously in SA and other sub-Saharan African countries [34,35].

For the individual HNC, as reported by studies in HIC, there was a
trend towards declines in ASIR of OCC and LC, and a similar reduction
in ASMR for these cancers [31,36]. However, with OPC the pattern was
different to the increases in incidence reported in HIC [2]. While there
were declines in incidence, these occurred at a relatively slower rate
whilst the ASMR was lower and did not change. The reason for this
difference is not clear but could be in part related to the causal role of
HPV in OPC. Available data suggests that HPV-related OPC has better
prognosis [37]. The ASIR for all three HNC plateaued from 2005 after
the introduction of the ART program. This is likely due to improved
survival which also provides more time for development of cancer [38].
It is also possible that this was related to the stabilisation of the smoking
prevalence rates [33].

Our finding of increased incidence and mortality rates for anal
cancer among both males and females confirms reports from HIC [5,6].
This might be related to the concurrent high cervical HPV infection in
women and high HIV prevalence [39,40]. As reported elsewhere, rates
have continued to increase after the introduction of ART [17]. This may
mean that pre-cancerous lesions which are established prior to ART

initiation are not reversed by ART and are more likely to persist and
accumulate genetic changes. Furthermore, improved survival due to
ART provides sufficient time for these lesions to progress undetected in
the absence of clear screening guidelines for anal cancer [7].

The ASIR and ASMR for vulval cancers increased, especially among
women aged less than 50 years, which confirms previous reports [41].
This suggests an increased role of HPV, exacerbated by the rising HIV
prevalence since HPV-related vulval cancers are common in young
women [42]. Similar to other settings, the incidence and mortality due
to penile cancer has declined [43]. These declines could be related to
improvements in penile hygiene secondary to improved access to basic
social amenities in the post-apartheid era and reduced prevalence of
smoking among men [19,44]. Further future declines are anticipated
with the recent expansion of voluntary medical male circumcision.

We found that incidence and mortality rates for HNC were higher
(at least 2-fold) among men compared to women. This confirms pre-
vious reports [35]. Higher rates among men can be explained by the
higher prevalence of smoking and alcohol use in men compared to
women [4,33]. Indeed, our results for sensitivity analysis showed that
the decline in HNC in men was largely related to the decline in smoking
prevalence. Studies also show that oropharyngeal HPV infections
mirror the gender patterns of OPC [45]. Men have a higher risk of or-
opharyngeal HPV infection as they are more likely to smoke, with
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smoking interfering with mucosal immunity, raising their susceptibility
to HPV infection [46]. Also, women are more likely to generate anti-
bodies following genital HPV infection than men, with these antibodies
offering some protection against oropharyngeal HPV infection [47]. In
addition, women have higher genital HPV viral loads, making trans-
mission higher with male-female oral sex than female-male [45]. This
implies that men have a higher risk of HPV infection from oral sex when
compared to females. The role of HPV in OPC is partly supported by our
finding that the median age at diagnosis of OPC was 4 years lower than
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that of LC as HPV-related OPC is common among younger men [31,37].

We showed that among males, the ASIR and ASMR for HNC varied
by population group with Coloured men having the highest incidence
and mortality rates. This confirms a previous NCR report [35], and
studies in other countries [48]. This may be related to the higher pre-
valence rates of tobacco smoking among Coloured men compared to
men of other population groups in the country [49]. White men had
lower mortality rates compared to Black men despite having higher
incidence rates than Black men. Quite likely, this relates to better access
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to healthcare among White men compared to Black men which results
in early detection of cancer and thus better prognostic outcomes [50].
Prior to 1994, access to healthcare was determined by race; in the post-
apartheid era legal restrictions have changed but race is still an in-
dicator of socio-economic access [19].

6. Public health implications of the findings

The significant decline in incidence and mortality rates for OCC and
LC, whose main risk factor is tobacco smoking, suggests that the anti-
smoking legislation is yielding positive outcomes and should be further
strengthened. On the other hand, the rising incidence and mortality
rates of anal, vulval cancer and the relatively slower decline in in-
cidence rates for OPC, highlight the need for regular monitoring of the
trends of these cancers. This is particularly important now as ART ac-
cess is widespread and the resulting increased life expectancy coupled
to changes in sexual behaviour might result in an increased burden of
these cancers [7]. The current girls-only HPV vaccination program,
could provide more benefit for cervical cancer, however these data
suggest that there is need to consider inclusion for boys. This is because

of the absence of effective screening especially for men and the emer-
ging evidence which suggest that the impact and herd immunity of a
girls-only program will likely be reduced [51,52]. Modelling studies are
required to understand the cost-effectiveness of including boys. In ad-
dition, studies investigating effectiveness of single dose HPV vaccine
compared to the current two doses could remove the cost obstacle and
make it feasible for the HPV vaccine programme to include boys

This study has some limitations. Data from a NCR could have under-
estimated cancer incidence as cases that are not biopsied are excluded.
Mortality data from Stats SA could have missed deaths that were not
registered. For this analysis, HPV-related cancers were defined based on
the anatomic sites in which HPV DNA is frequently found, however all
these cancers may not necessarily be HPV-positive because no testing
was conducted. The antenatal HIV prevalence which was used as a
proxy for monitoring the HIV epidemic overestimates the national
prevalence as pregnant women are likely to be at higher risk of HIV
infection. Despite these limitations, this study provides an important
contribution to the epidemiology of HPV-related cancers in the country
[53].



A. Chikandiwa et al.

7. Conclusions

There have been significant overall declines in both the incidence
and mortality for HNC and penile cancer during the study period. While
the distinct trends observed in relation to OPC in HIC are not as obvious
in SA, the data show declines in OCC and LC potentially attributable to
reduction in tobacco use. In contrast, the incidence and mortality rates
for anal and vulval cancer have increased. There is need to continuously
analyse trends of these cancers to inform screening and prevention
programmes and also help monitor current and future interventions.
Vaccination of boys could be considered if cost effective and feasible by
reducing HPV vaccination to one dose especially in areas where cov-
erage is low and benefits may not be derived from herd immunity.
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