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CHAPTER 1: INTRODUCTION
This chapter gives a global and local overview of cancers in general and for HPV-related cancers.

Study justification, problem statement, research question, and objectives are also detailed. A

review of related literature was also detailed in this chapter.

1.1 BACKGROUND:

1.1.1 Cancer
Cancer is one of the major public health concerns in the world today and it is among the most

common causes of mortality and morbidity. Non-communicable diseases are now considered the
main contributors to global deaths. In the future, cancer is projected to be the leading cause of
death and decreased life expectancy for almost every country across the globe in the 21% century
(1). In 2018, there were 18 million cancer cases reported, and 9.6 million deaths in the world (1,2).
The perception of cancer has also shifted from being viewed as a disease for the rich to a disease
everyone can get. A huge burden of cancer cases and deaths fall on low and middle-income
countries. About 70% of cancers diagnosed worldwide in 2018 were from low and middle-income
countries (3-5). In South Africa, there were 107 467 cancer cases reported, and 57373 lives lost
due to cancer (6) in 2018. In 2020, the world recorded about 19 million cancer cases and about 9
million deaths. The Southern Africa region had 116 391 cases and 61 659 deaths, with more than
90% of these cases coming from South Africa (108 168) and 56 802 deaths (7).

1.1.2 HPV-related cancers
HPV-related cancers are cancers mainly caused by the Human Papillomavirus (HPV) and these

include cervical, penile, anal, vaginal, vulva, and oropharyngeal cancers. The incidence of Human
Papillomavirus (HPV) associated anogenital and oropharyngeal cancers is on the rise in developed
countries and it is an important cause of mortality and morbidity in all low and middle-income
countries (8). Annually, there are about 600 000 cases of cancers of the cervix, oropharyngeal
cancers, vulvovaginal and penile cancers, as well as genital warts and recurrent papillomatosis of
the lungs worldwide, all accounted to HPV (9). Duncan et al found that HPV is attributed to 4%
of all cancers, 2% in high-income countries, and about 8% in the low and middle-income countries
(8). In 2018, the incidence per 100 000 per year of HPV-related cancers in South Africa was 44.4
in cervical, 0.2 in anal cancer, 0.8 in vulva, 0.2 in vaginal, 0.6 of penile and oropharyngeal (1.1
males, 0.3 females) cancers (10). South Africa has a high prevalence of HPV. In a study conducted
in Soweto and Cape Town, HPV was found in 66.7% of the participants, with HPV 16 and 18




more dominant (11). Young adults are most at risk of developing HPV-related cancers compared
to other age groups. Mbulawa et al found that HPV prevalence was higher among the 18-25 years

group for both males and females (12).

1.2 PROBLEM STATEMENT:
Globally, the burden of cancer is expected to increase in the coming years. Cancer Research UK

estimated that there will be 27.5 million cancer cases by 2040 (13) in the whole world. Also, by
2030 cervical cancer alone is estimated to result in 443000 deaths worldwide and 98% of these
deaths would happen in low and middle-income countries and sub-Saharan Africa having the
highest number of deaths (14).

In South Africa, the cancer-related mortality rate for the year 2014 was 70/100 000 population.
Differences are noticeable between the nine provinces. The Eastern Cape had 75/100 000, Free
State had 82/100 000, Gauteng with 65/100 000, KwaZulu Natal had 52/100 000, 46/100 000 for
Limpopo, 50/100 000 for Mpumalanga, Northern Cape had 124/100 000, Northwest had 66/100
000 and 131/100 000 for Western Cape. These statistics suggest the existence of different cancer
profiles for different provinces (15).

HPV is the most common sexually transmitted infection (ST1) and every person acquires it at some
point, as long as they are not vaccinated against it (16). HPV is also the main cause of most cancers,
especially in countries where HIV prevalence is high (17). HPV is also preventable, and preventing
it can also help prevent a lot of HPV-related cancers.

Cancer projections and estimates are available for cancers in general but currently, in South Africa,
there is a lack of vital cancer-specific projections of HPV-related cancers for the future. This then
means that there is a lack of information that can help influence policy making on prevention and

control.




1.3 JUSTIFICATION:
It is of public health importance to detect the risk of any disease or illness early and then engage

relevant interventions so that the community is protected from severe effects of that disease. To
fully understand the problem of HPV-related cancers, there is a need to study current incidence
rates and changes that may have taken place in the past, and use this information to estimate what
might happen in the future. Extrapolating trends might inform programmes on the impact of risk
factors, and planned or unplanned interventions, on the incidence of cancer in the years that follow
(18). The following two areas are of great importance;

Future planning. Accurate estimates of expected cancer cases would be useful for healthcare
providers in planning for the distribution and allocation of resources for cancer control from
primary prevention, screening, and early diagnosis, treatment, rehabilitation to palliative care. It is
also important to be aware of and understand future changes or interventions that might affect

future estimates when basing decisions on cancer predictions (18).

Evaluation of cancer prevention and control. Predictions can also be used to create awareness
for public health workers on the need for prevention measures that would help avoid the predicted
situation. Predictions also help in evaluating planned interventions if they will be effective by
comparing future scenarios with and without them in place (18). There is also a need to calculate
the anticipated benefits of the vaccination programme started in 2014. Future projections can also

help reveal if such programs are indeed going to benefit the population in the future or not.

This study, therefore, will help profile HPV-related cancers and produce evidence-based
information that will be used for future planning, evaluation of cancer prevention policies, and

control of HPV-related cancers in the country.




1.4 LITERATURE REVIEW:

1.4.1 HPV and Cancer
Human Papillomavirus (HPV) is a small non-enclosed deoxyribonucleic acid virus that mostly

infects epithelial cells (14). HPV infection commonly causes skin or mucous membrane growth
(warts) (19). HPV is one of the most common sexually transmitted infections in the world. There
are more than 100 strains of this virus and the common and high-risk types are type 16 and 18

which are deemed necessary causes for cervical and other anogenital cancers (20).

Just like most common sexually transmitted infections, HPV acquisition generally occurs soon
after first sexual activity and a majority of new HPV infections occur in adolescents and young
adults. Meites et al found that a majority of sexually active adults have already been exposed to
the virus and new infections easily occur with a new sexual partner (21). In 2012, there were about
35.3 million HPV infections worldwide, with 25 million in sub-Saharan Africa and 6.3 million in
South Africa (12).

If left untreated, HPV infection may sometimes cause cancer (HPV-related cancers). HPV is
believed to cause all cervical cancers, 90% of anal cancers, 40% of penile, vaginal, and vulva

cancers, 25% of oral cavity cancers, and 35% of oropharyngeal cancers (22).

1.4.2 Factors associated with HPV and HPV-related cancers

1.4.2.1 HPV Vaccination
Three different vaccines for HPV are available and in use across the globe. These are Bivalent

(Cervarix) which protects against HPV types 16 and 18, the Quadrivalent (Gardasil) which offers
protection against HPV types (6, 11,16 and 18), and also the 9-valent which protects against HPV
types (6, 11,16,18,31,33,45,52,58) (23). These vaccines are administered and recommended for
both males and females aged 9-26 years, as long as individuals are not sexually active (HPV-
naive). Two doses are recommended for boys/girls who are less than 15 years, and three doses are
administered for individuals 15-26 years. Doses are given in 6 months intervals (24).

HPV vaccines are effective and offer more than 10 years of protection and with no signs of waning
immunity (24,25). Studies also show that HPV vaccination is positively essential in preventing
cancer-causing infections and precancers (25,26), reduce the detection of HPV and provide herd

immunity (27). The majority of these studies showed vaccine efficacy of more than 90% (28-32).




In South Africa, the Medicines Control Council of South Africa approved two doses of the Bivalent
HPV vaccine in 2008. In 2014 the South African National Department of Health implemented the

first school-based HPV vaccine, where girls who were 9 years and older, doing grade 4 from public

schools were targeted (33,34). About 500 000 girls were targeted and the campaign reached about

85% of the target (33). Because cancers take time to develop, the early effects of this campaign

will only be seen after 10-20 years.

1.4.2.2 Cervical Cancer Screening

Cervical cancer screening is a test done to detect the presence of abnormal cervical epithelium or

HPV, intending to identify precancerous lesions and remove them before developing into cancer,

and for early detection and treatment of cancer (35,36). Methods for screening used around the

globe include;

Table 1.4.2.2 Cervical Cancer Screening Methods Used

Method Description Advantages Disadvantages
Visual The healthcare worker inspects 1. Cheap 1. Low
Inspection | the cervix of a patient by 2. Easy to administer sensitivity
with acetic | applying acetic acid and (needs less equipment) and non-
acid (VIA) | observe the reactions to see if specificity
there are any abnormalities 2. Bound to
human error
PAP  Test | Cells are collected from the 1. Good specificity 1. Poor
(Smear) cervix and sent to the lab for sensitivity
testing using a  glass 2. Labour
microscopy slide intensive
3. Needs special
equipment to
administer




Liquid- This is a variation of the pap High sensitivity 1. Labour
based test. It uses a liquid transport compared to a pap intensive
cytology medium to store the specimen smear. 2. Low
from  collection to the Simultaneous testing specificity
laboratory. is possible on the same
specimen  collected
(HPV, chlamydia)
Improved  specimen
quality
HPV Samples removed from the More effective for 1. Expensive
Testing cervix are sent to the lab for early detection of 2. Need of a
HPV testing. HPV testing is HPV/Cancer. more
also done on samples from the More accurate improved
vagina, which women collect infrastructure
on their own

In South Africa, both cytology and HPV testing are recommended and due to the available

resources at present, cytology testing remains the primary method used (37). Three (3) pap smears

per woman are recommended, administered from 25 years of age the earliest or at the time of HIV

diagnosis, and screening is stopped at age 65 if the individual is HIVV-negative.

1.4.2.3 Male Circumcision

The health benefits of male circumcision include improved hygiene, lower risk of urinary tract

infections, decreased chances of sexually transmitted infections, and prevention of foreskin

retraction problems (38). Male circumcision is also associated with a decreased rate of HPV

transmission, which also has an impact on HPV-related cancer incidence. Studies conducted show

that there is enough statistical evidence that male circumcision is inversely associated with HPV

infection (39-41),

(41,42).

penile HPV (42), cervical cancer (for women with circumcised partners)

A study conducted in South Africa in 2014 found that the prevalence of male circumcision was

42.8%(43). The prevalence was 48.2% among Black African men, 24% among Coloured men,




25.5% among White men, and 32.6% among Indian/Asian men. Different patterns were also seen
among provinces (43). Limpopo was the highest with 74.9%, Eastern Cape had 68.4%, Gauteng
43.6%, Western Cape 38.9 %, Mpumalanga 37.6%, Free States 34.5%, North West 30.5%,
KwaZulu Natal 20.7%, and Northern Cape 19.3% (43).

1.4.2.4 Cancer and HIV

South Africa has the highest number of people living with HIV. About 20% of all people living
with HIV in the world reside in South Africa (44,45). In 2018, South Africa recorded a high 19%
prevalence rate among adults 15-49 years (44,45).

Most cancers, including AIDS-defining, conjunctival and HPV-related cancers occur most in HIV-
positive individuals (46-49). Silverberg et al found that the median age at diagnosis for some
cancers was younger for HIVV-positive people with CD4 counts less than 200 ml/ul. This suggests
that there is a vital role of immunosuppression on cancer development. In a study in South Africa,
women who were HIV-positive were found to have a higher risk of HPV infections, precancerous
lesions, and cervical cancer (50). These women also had a high viral load, evidence of
compromised immune systems, promoting opportunities of comorbidities including cancer and
other non-communicable diseases. The introduction of ART is also another factor, as it reduced
AIDS-defining cancers and PLHIV had prolonged life, but this increased non-AIDS defining
cancers (51).

HIV-positive individuals have a higher risk of HPV cancers compared to HIV negatives because
of the modifying effect of HIV on HPV pathogenesis (47). The surveillance of cancer cells is
impaired by HIV, lowering the clearance of HPV in the body (52) and perpetuating the progression
of HPV tumors to cancer (17)

Being infected with more than one HPV type is more common among HIV-positive people
compared to those who are HIV negative (12). Other cancers like anal are non-AIDS defining
cancers but they have a significant association with HIV. In 2014, Chia-Ching et al found a 1%
increase in HIV-positive women and a 28% increase in HIV-positive men for anal cancer
compared to HIV-negative individuals (53). Therefore, HIV prevalence plays a vital role in HPV-

related cancer incidence, especially in a high HIV burden setting like South Africa.




1.4.3 Spatial variation in cancer cases
Several studies have been done to investigate geographical variations in cancer incidence. In a

study on HPV-related oropharyngeal cancer, there was significant geographical variation in the
prevalence of biologically relevant oncogenic HPV in oropharyngeal cancer (54). In 2018,
differences in cancer cases and deaths were noticed between continents. Europe contributed 23.4%
of the overall cases and 20.3% of deaths, Americas had 21% cases and 14.4% of deaths, Africa
contributed 5.8% of cases and 7.3% of deaths and Asia had 48% cases and 57.3% deaths (55).
Bray et al added that the different cancer profiles within a country or between regions suggest that
there are still differences caused by geographical separations of the population and risk factors

differ from place to place and are experienced at different times (55).

In South Africa, we know that provinces differ by population size, healthcare practices (traditional
healthcare vs modernized), way of living (smoking habits, diet, exercise, sexual activities). In this
way, cancer risk factors are also bound to be different across provinces and this suggests a

possibility of spatial variation of cancer cases between provinces in the country(15,56,57)

1.4.4 Models used for predicting cancer incidence
Besides investigating factors associated with cancer incidence, it is important to understand the

effects of different time scales in cancer incidence. These time scales are surrogate measures that

can give an understanding of the causes of cancers. Different models concentrated on;

Age Effects-Even though anyone can acquire cancer, the probability of acquiring cancer increases
with increasing age. Age effects are, therefore, the variations in incidence rates for the different
age groups as they move through time. Increasing age is the major risk factor in cancer and for
many individual cancer types. The median age for cancer diagnosis is 66 years and one-quarter of
new cancer cases are diagnosed in individuals aged 65 to 74 years (58). HPV-related cancers show
a similar trend in terms of mean age at diagnosis, except for cervical cancer which has the lowest
(59,60). The median age at diagnosis for HPV-related cancers is between 49 and 53 for cervical,
68 for vaginal, 66 for vulva, 69 for penile, 62 among women and 59 among men for anal, and 63

among women and 61 among men for oropharyngeal cancers (59,61).

Period Effects-These effects account for all factors which affect every person at a time in the past
such as pollution or medical advances (62). Period effects are the same for all age groups at a




particular time as they result from external factors (social, economic, and environmental) such as

economic meltdown, famine, war (21).

Cohort Effects-Individuals are grouped according to their year of birth to form a birth cohort
(commonly defined in epidemiology). Cohort effects arise from a unique exposure that affects a
particular cohort as it advances in time (years) (58). Theodore found that a particular risk factor
affects different cohorts differently, and this causes a difference in incidence between cohorts (63).
If we take a group of people vaccinated, for example, against say HPV infection, and if there is
any exposure of HPV infection as different cohorts move across time, the vaccinated group would

experience fewer effects of the exposure compared to the unvaccinated cohort.

1.4.4.1 APC
The Age-Period-Cohort (APC) model has been used in most cancer prediction studies conducted

in the past. This is a descriptive tool that seeks to profile the effects of age, period, and cohort for
a disease over time. APC models are based on fundamental generalized linear model theory. They
serve as a general methodology for cohort analysis when all three factors are potentially of interest
(64). These models are also based on the Poisson log-linear model for the expected rates with

additive effects of age, period, and cohort (65).

Even though this is a model widely used in the past, it has also received criticism over its
identification problem. This is because the three important covariates under study are linearly
dependent. Age = Period — Cohort, so if you know someone’s age, you also know their birth cohort.
Smith and Wakefield pointed out that direct interpretation of these effects is difficult because the

model is over parameterized and two sources of identifiability to consider were;

e For every model with factors and with an intercept in the model, there was one more level
than is estimable and so a constraint will be required. A typical solution was to impose a
sum-to-zero constraint (66).

e Linear dependence between age, period, and cohort also causes identifiability in the model.
The use of assumptions can help in direct interpretation of the equation parameters, but
these assumptions can not be verified from the original data alone (66).




With these issues in the classical APC model, other models were formulated to retain the
forecasting ability of the model while providing a solution for the identification problem in the

model.

1.4.4.2 Other models (APC extension)
The other models mentioned below present an alternative to the APC model by addressing the

identification problem through their setup.

Stratified APC This model groups observations by factors not directly affected by time, e.g.,
geographical location, sex, disease type. In this model, relative risks between strata are identifiable
if a set of effects is common between strata. For example, if age effects are shared between strata,
the period and cohort effects’ trends in relative risk are identifiable even if they are within the same

time, as long as they are between strata (67-69).

Bayesian APC- Some studies used this model in the past in cancer prediction studies (70-72).
This model allows for incidence count data analysis by using Bayesian priors (Random walk
priors). Unlike the classical APC model, with the Bayesian approach, it is possible to use input
data with different time scales. Also, retrospective predictions are possible for model testing

purposes.

Constrained Coefficients (CGLM)-This model enforces additional constraints on one of the
categories of at least one predictor to estimate the age, period, and cohort effects at the same time.
It is possible to separately estimate the effects of age, period, and cohort by assuming that some
categories of the independent variables have equally the same effects on the outcome variable (73).
The results of the analysis depend on the chosen constraints and the validity of the constraints
depends on the theory about the categories of parameters that are identical. This is often subjective

and there is no empirical way to confirm the validity of the chosen constraints (74).

Intrinsic estimator method (IE)- This method draws its strength from principal component
analysis and is suitable for sorting out the identification problem when explanatory variables are
highly correlated (75). It erects rules on parameters similar to CGLM but the difference is that
these rules are less subjective and do not have any effect on the estimation of regression parameters

for age, period, or cohort (74,76). Studies on model authentication confirm the strength of the
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statistical characteristics of the IE model. When the same set of data is analyzed, the IE findings

outweigh the results of any other model that does not use the same properties (76).

1.5 RESEARCH QUESTION(S):
We postulated that the impact of HPV-related cancers differed between age groups, different

periods, and birth cohorts for individuals. Also, cancer incidence differed between geographical

locations (province of diagnosis) of individuals. The research question, therefore, was;
1. What would be the burden of HPV-related cancers from 2016 to 2040?
1.6 AIM AND OBJECTIVES:
The aim of the study was to estimate the age, period, and cohort-specific incidence of HPV-related

cancers in South Africa over the next years from 2016 to 2040. This was achieved through the

following objectives:

1. Describe the demographic characteristics of HPV-related cancers for the years 1996-2015.

2. Estimate the incidence of HPV-related cancers for 1996-2015.

3. Forecasting of the age, period, and cohort-specific incidences of HPV-related cancers for
the years 2016 to 2040.
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CHAPTER 2: METHODS
This chapter gives details of the methods used, the study design, site of study, study population,

data sources, study limitations, data management and statistical analysis, and details of ethics

clearance for conducting the study.

2.1 Description of the previous study/data sources

Two data sources were used in this study.

The NCR data: The South African National Cancer Registry (NCR) is a national pathology-based
cancer registry. Private and public laboratories across the country submit laboratory reports of
cancer cases to NCR. The data are cleaned, analyzed, reported annually, disaggregated by sex, age,
and population groups (race). Information is used for the development of cancer prevention and
control policy (77).

Stats SA data: The Statistics South Africa (Stats SA) is a national South African statistical service
that produces, stores, and shares relevant and accurate statistical information whenever needed.
Some information is available upon request, and some are publicly available and can be
downloaded on the online reserves. South African mid-year population estimates are generated
annually and are made available online for everyone who may want to use them. Data are
disaggregated by sex, age group, population groups (race), province, and district, among other
variables (78).

2.2 Study design
This study employed a cross-sectional study design. HPV-related cancer incidence rates (Cases

reported per year over the mid-year population projections) for the years 1996-2015 were
calculated. Trend analysis was conduction for 1996-2015 period. Predictions of HPV-related

cancer incidence rates were conducted for the years 2016-2040.

2.3 Study site
Data for all reported HPV-related cancer cases in South Africa as recorded in the National Cancer

Registry were used in this study.
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2.4 Study population
The study used pathology-confirmed HPV-related cancer cases reported in the NCR database

between the years 1996-2015 in South Africa

2.5 Data collection
Secondary data were used for this study. Data on de-identified pathology-confirmed HPV-related

cancer cases reported to the NCR were used after obtaining ethics approval. These data formed the
numerator of the incidence rates to be calculated. Publicly available mid-year population estimates
data from STATS SA were then used as denominators for incidence rates. Five-yearly age groups’
data (0-4 to 85+) for the different years (1996-2015) and the 9 provinces of South Africa were
used.

The following cancer types with their International Classification of Diseases for Oncology
Version 3 (ICD-03) codes were classified as HPV-related cancers in the study (79);

Table 2.5 Cancer types classified as HPV-related cancers in the study and their ICD-03 codes

Cancer Type ICD-03 code

Cervical C53.9

Penile C60.9

Vaginal C52.9

Oropharyngeal C09.0, C09.1, C09.8, C09.9, C10.0,

C10.1, C10.2, C10.3, C10.9, C11.1,
Cl1.2, C11.3, C11.8, C11.9, C12.9,
C13.0, C13.1, C13.2, C13.8, C13.9,
C30.0, C30.1, C31.0, C31.1, C31.2,
C31.3,C31.8,C31.9

Vulva C51.9

Anal C21.0,C21.1,C21.8
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2.6 Data management and statistical analysis plan

2.6.1 Data Management
All pathology-confirmed HPV-related cancer cases within South Africa, reported to the NCR,

diagnosed between 1996-2015 were considered for this study. Only cancers listed in section 2.5
above were included in the study. Duplicate checks were also conducted in Stata and there were
no duplicates from the data we received. Cases with unknown sex (62), unknown race (3714),
missing age (3879) were dropped from the analysis. We also checked for consistency in the data,
e.g., we checked if there were no males who were classified as having cervical cancer, or females
diagnosed with penile cancer, and all the observations were consistent. The Stats SA data was
obtained from the Stats SA website online (78). The data were merged to the NCR data to form
one dataset that was used for the entire analysis in the study. Computer programmes used for data
cleaning and analysis were R, Stata, Joinpoint, and QGIS.

2.6.2 Statistical Analysis

2.6.2.1 Statistical Inference
Different models of the APC were fitted and summarized. Model comparison was also carried out

between these models discussed below.
APC model

The model is based on a Poisson log-linear model for the expected rates with additive effects of
age, period, and cohorts. The model has the form (66);

9.
log(M;;) = log (N—U> =pu+a;+pi+ A
2

where Mij is the HPV-related cancer incidence rate for individuals in age group i at calendar time
i
8;; is the number of incident cases among individuals in age group i at calendar time |

N;j is the number of individuals in age group i at calendar time j

U is the overall expected mean log incidence rate
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a;, B, and A, are the differential rates from the overall mean log incidence rate for individuals in

age group i, calendar time j, and birth cohort k, respectively.
Bayesian APC Model

The Bayesian model offers a solution to the identification problem in the classical APC model.

The basic model used in Bayesian APC can be expressed as (66);

My =u+6;+ aj+ P+ z

where M;;= HPV-related cancer incidence rate in age-group i and year j

M = overall level

0;= age effects in age-group i

a; = period effects in year j

B = cohort effects in cohort k

z;; = unstructured heterogeneity in age-group i and year j not captured by 0,

a and/or S are considered to be due to unobserved observation-specific covariates

The parameter for unstructured heterogeneity (assumed to relate to unobserved covariates) can be
thought of as analogous to adjustments made for overdispersion in a frequentist setting. However,
within a Bayesian framework, it ensures a good fit for the data. This model improves the classical

APC model by including time-varying covariates effects, with the use of random walk priors.

Stratified APC model

This is another extension to the classical APC model which includes the stratification effects (e.g.

gender, place of residence, province). The model is presented as (66);

Q..
log(MifT) = 10g <Nl17‘> = Uy T ap + :Bjr + Akr

ijr
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where M;;, is the HPV-related cancer incidence rate for individuals in age-group i, at calendar

time j in stratum r

0;jr is the number of HPV-related cancer incident cases among individuals in age-group i, at

calendar time j in stratum r.
N;j is the number of individuals in age-group i at calendar time j in stratumr.
U, 1s the expected mean log incidence rate for stratumr.

a;- , Bjr and Ay, are the differential rates from the overall mean log incidence rate for individuals

from stratum r, in age group i, calendar time j, and birth cohort k, respectively

2.6.2.2 Analysis plan for specific objectives

Objective 1 (Describe HPV-related cancers according to demographic and clinical characteristics
for years 1996-2015)

To get a better understanding of the data and the study, descriptive data analysis was performed
for the age of the patient, birth cohort, period of diagnosis, and sex. Frequency tables (Numbers
and percentages) for categorical variables were provided.

A Choropleth map, with different colour coding, was used to display the distribution of HPV-
related cancers according to the province of diagnosis. The distribution of the HPV-related cancer
cases was calculated for all provinces and categorized into 5 classes, < 4000, 4000-6000, 6000-
8000, 8000-10 000, and >10 000, and then were plotted on the choropleth map.

Obijective 2 (Estimate the incidence of HPV-related cancers for 1996-2015)

The outcome variable was HPV-related cancer incidence rate and was compared over the years
between 1996-2015. The total number of cases per year was used as the numerator and the mid-
year population estimates for each year were used as a denominator for this objective (total
cases/population = incidence). Age-standardized HPV-related cancer incidence rates were
calculated. Age-standardized rates are summary rates calculated to incorporate the age
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composition of a reference population (World standard population) (80). Recommended by WHO,
the use of standardized rates allows estimates and findings generated to be comparable to other
countries’ findings across the world. The formula was used for calculating the ASIR in the study
(80);
ASIR = YiL diw;/y;
Where: j= age groups
d;= Number of HPV-related cancer cases in age-group i
w;= World standard population for age-group i

y;= population at risk, for age-group i

The average annual percentage change (AAPC) was then used to summarize the trend
performance of the incidence over time. The AAPC uses a single measure to give an aggregated
summary of the changes in incidence rates over the period under study(81,82). The statistical
significance of this trend analysis was determined using confidence intervals and p-values. Linear
regression analysis and the formulae below were used for calculating both the percentage change
and the 95% confidence interval (81,82);

AAPC = [ef — 1] x 100
95%Cl=g + [Zl_a/z] x SEg

Where: 8 = diagnosis year coefficient from the regression analysis

Zy_ay= Standard normal table corresponding to 95 % confidence level

SEg = Standard error of the diagnosis year coefficient from the regression analysis

Obijective 3 (Projection of the age, period, and cohort-specific incidences of HPV-related cancers
for the years from 2016-2040)

The three models were fit and model comparison was performed. Models were compared using
three measures; the Model’s ability to estimate parameters/coefficients, the ability to make

predictions for the future (Based on the data used in the study), and considerations of the AIC/
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DIC. The best model was selected and used for prediction. Data from 1996-2015 were used to
produce forecasts for 2016-2040.

2.6.3 Ethics Consideration
The researcher applied for and obtained ethics approval (M200522) to undertake this study from

the University of the Witwatersrand Human Research Ethics (Medical) Committee (HREC).
Permission from the National Cancer Registry to use their data was also obtained. To obtain
confidentiality, de-identified data were given to the student in a password-protected Stata format,

and the student stored the data in a password-protected laptop.
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CHAPTER 3: RESULTS

This chapter gives a summary of the main results of the study.

3.1 Description of the demographic and clinical characteristics of HPV-related cancer cases

Table 3.1 Demographic Characteristics of data used

HPV-related cancer cases

Variable
Number Percentage
Age-group
0-4 62 0.05
5-9 45 0.04
10-14 112 0.10
15-19 275 0.24
20-24 742 0.65
25-29 2830 2.49
30-34 6944 6.11
35-39 11195 9.85
40-44 13996 12.31
45-49 14580 12.82
50-54 14410 12.68
55-59 12996 11.43
60-64 11766 10.35
65-69 9049 7.96
70-74 6722 5.91
75+ 7963 7.00
Period of diagnosis
1996-2000 26100 22.96
2001-2005 24873 21.88
2006-2010 28388 24.97
2011-2015 34326 30.19
Sex
Males 9119 8.02
Females 104568 91.98
Race
Black African 90838 79.90
Coloured 9206 8.10
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Indian/Asian 1883 1.66
White 11760 10.34

Table 3.1.1 above displays the demographic characteristics of the data used in the study. A total
of 113 687 HPV-related cancer cases were used for the analysis. About 12.82 % (14580) of these
were aged 45-49 years old, followed by the 50-54 and 40-44 year-olds having (12.68%; 14410)
and (12.31%; 13996) cases respectively. There were 229 (0.9%) children who were less than 14
years old, while there were 7963 (7%) adults who were 75 years old and above.

A majority of these cases were female 104568/113 687, and males taking up only 8%. The Black-
African population group was commonest, making up about 80% of the cases, with a combination
of Coloured and Indian/Asian making only 10% of the cases, and the remaining 10% being of the
White population group.

More cases were reported in the period 2011-2015 (34 326), compared to 26 100 in 1996-2000, 21
873 in 2001-2005, and 28 388 in 2006-2010.

Figure 3.1.1 Choropleth map of the province of diagnosis of HPV-related cancer
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The map above displays the distribution of HPV-related cancer cases according to the province of

diagnosis, for the years 1996-2015. About 65 917 records of the data had a documented province

of diagnosis. A majority of cases were diagnosed in Gauteng province (with close to 30% cases

diagnosed), followed by the Eastern Cape province. Fewer cases were diagnosed in the Northern

Cape and North West provinces.

3.2 Estimating the HPV-related cancer incidence from 1996-2015

3.21 Age-standardized HPV-related cancer incidence rates (1996-2015)

Table 3.21 Age-Standardized Incidence rates for Anogenital (AGC) and Oropharyngeal

OPC) Cancers

World
Age Standard OPC OPC AGC AGC
group Population cases ASR cases ASR
0-4 12000 37 0.15 25 0.10
5-9 10000 38 0.14 7 0.03
10-14 9000 84 0.31 28 0.10
15-19 9000 154 0.58 121 0.45
20-24 8000 159 0.49 583 1.78
25-29 8000 144 0.42 2686 7.91
30-34 6000 200 0.49 6744 16.82
35-39 6000 288 0.90 10907 34.76
40-44 6000 456 1.69 13540 50.12
45-49 6000 701 3.30 13879 58.11
50-54 5000 1026 470 13384 53.03
55-59 4000 1058 4,70 11938 45.34
60-64 4000 1051 596 10715 50.37
65-69 3000 763 4.55 8286 39.05
70-74 2000 500 3.01 6222 28.09
75+ 2000 564 2.84 7399 22.43
Total 100 000 7223 34.23 106464  408.51

Table 3.21 above displays the age-standardized incidence rates for Oropharyngeal and Anogenital

cancers for the different age groups. The general idea from the above table, as postulated by

literature, is that cancer incidence increases with increasing age, with the age group 45-49 years
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having the highest Age Standardized incidence rate for AGC and the 60-64 having the highest for
OPC.

3.22 Average Annual Percentage Change (1996-2015)

Figure 3.221 HPV-related cancer age-standardized incidence rates for period 1996-2015
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Figure 3.221 above shows the trend of Age-standardized incidence rates for AGC and OPC for
1996-2015. The graph shows an increase in AGC incidence rates from 28.6 to 31.3 cases per 100
000 world population, for the years 1996-1998. This was followed by a decline to 20.8 cases per
100 000 in 2004. An up-and-down trend can be noticed from 2005 until 2015.

The incidence of OPC moved between 0.83 and 1.34 over the years. It was lowest in 2010 (0.83)
and it peaked in 2012 (1.34).

AAPC (appendix 1)

The Joinpoint software (version 4.9) was used for the analysis. The software runs a model selection
where several join points (segments) that best fit the data are determined. For AGC, a model with
3 segments was selected. There was an increasing trend for 1996-1998 even though it was not
statistically significant (APC 4.8%, p=0.434). There was a significant downward trend for the 1998
to 2003 period (APC -7.8%, p=0.001), and an upward trend for 2003 to 2015 (APC 1.7%,
p<0.001). The full range period showed a downward trend in the AGC incidence (APC -0.9%,
p=0.056) although it was marginally significant.
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For OPC, a full range model was selected and it showed a significant decreasing trend in OPC
incidence rate (APC -1.2%, p=0.019).

3.3 Projection the HPV-related cancer incidence from 2016-2040
3.31 Model Comparison and selection of preferred model

Four models were considered for the analysis and prediction of HPV-related cancer
cases/incidence for the years 2016-2040. These models were the classical APC, Stratified APC
(Sex as strata), Stratified APC (Race as strata), and the Bayesian APC. Models were compared
using three measures; the Model’s ability to estimate parameters/coefficients, the ability to make

predictions for the future (Based on the data used in the study), and considerations of the AIC/
DIC.

Table 3.31 Models considered in the study

Parameter
Model estimation | Prediction/Forecasting AlIC
Classical APC Yes Yes 706.18
Stratified APC-Sex
Male | Yes Yes 509.98
Female | Yes Yes 677.57
Stratified APC-Race
Black | Yes Yes 687.6
White | Yes Yes 491.18
Indian/Asian | No No 377.68
Coloured | Yes Yes 461.69
Bayesian APC Yes No 273.98

Table 3.31 above shows the scoring or rating of the models under these different criteria. The
Bayesian model had the lowest AIC compared to all the other models. It was also possible to
estimate the coefficients of the three explanatory variables of the model. However, based on the
data used in the study (missing data in some variables in the predicted values (prediction model
produced NaN values which are undefined or not representable)), it was not possible to perform

predictions using this model.
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The Stratified APC using race as strata, had the second-lowest AIC, with the ability to estimate

coefficients and also do predictions into the future, except for one stratum. The Indian/Asian

stratum model could not estimate coefficients and also do predictions. Just like the Bayesian APC,

this was due to missing data in some variables.

Both the classical APC and the Stratified APC using sex as strata passed all the measures set.

Model comparison and selection were based on the AIC scores. The Stratified APC had the lowest

AIC and thus was selected among the four models.

3.32 The Selected Model (Stratified APC (Sex as Strata))

Table 3.32 Input data for the model

Females Males
Period Period
Age- 1996- 2001- 2006- 2011- 1996- 2001- 2006- 2011-
group 2000 2005 2010 2015 2000 2005 2010 2015

0-4 14 11 13 7 7 1 6 3

5-9 12 2 3 2 12 6 6 2
10-14 13 16 20 10 10 14 9 20
15-19 59 34 33 35 36 31 25 22
20-24 167 135 182 128 33 24 38 35
25-29 594 532 737 826 32 29 48 32
30-34 1358 1236 1761 2275 63 55 78 118
35-39 2352 2155 2605 3599 109 101 109 165
40-44 3091 2828 3259 4083 184 137 161 253
45-49 3083 3070 3361 4106 238 215 225 282
50-54 2870 3041 3293 3899 308 317 316 366
55-59 2733 2502 2975 3556 239 293 312 386
60-64 2643 2473 2501 2890 262 306 298 393
65-69 2046 1859 2014 2197 201 196 244 292
70-74 1437 1436 1498 1696 179 141 139 196

75+ 1519 1473 1950 2260 196 204 169 192

The input data were aggregated according to age and period of diagnosis only, for both sexes. The

APC model (in R) uses this data to calculate the cohort variable (period-age = birth cohort).
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3.33 Age-Period-Cohort Analysis Of HPV-related Cancer 1996-2015

Figure 1.33a: Age-Period-Cohort analysis of HPV-related cancer cases in Females
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Figure 3.33b: Age-Period-Cohort analysis of HPV-related cancer cases in Males
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Figures 3.33a and 3.33b display the age, period, and cohort effects on HPV-related cancer cases
for females and males respectively. The general idea is the same for both males and females. For
age effects, HPV-cancer cases increase with increasing age. The cases increase for both females
and males, until they reach a peak at around 50 years, then starts to drop. In females, there was a
slow increase in cases, until age 25, where cases start to increase drastically. In males, it is a slow

increase until age 30.
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HPV-related cancer cases were also increasing with the period, for both females and males. There

is a drop from 1996 to 2001, then and an increase is seen until 2015.

For cohort effects, there is an increase in HPV-related cancer cases from the earlier cohorts until a
peak in cases on the 1955 and 1950 cohorts, for both females and males respectively. The numbers

drop for the younger cohorts.

3.34 Projection of HPV-related cancer cases using the Stratified APC model:

Figure 3.341 Forecasted numbers of HPV-related cancer cases 2016-2040
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Figure 3.341 above displays projected numbers of HPV-related cases for the forecasting period
2016-2040. In total, HPV cases are expected to increase over the years, rising from 41 669 cases
in 2016 up to 74 301 cases in 2040. Both sexes follow the same pattern, with females reaching 65
855 cases in 2040, from 38 156 cases in 2016, and male cases rising from 3 513 cases in 2016 to
8 446 cases in 2040.
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Table 3.342a Forecasting of HPV cases by birth cohort and age-group-Females

Birth Cohorts
AGe | o3 1058 10w 1038 1043 105 1083 108 1063 1965 1073 1978 1963 1088 199 1098 2003 2005 2014
0-4 - - - - - - - - - - - - - - - 17 10 11 7
5-9 - - - - - - - - - - - - - - 6 5 4 4 3
10-14 - - - - - - - - - - - - - 21 14 14 10 12 7
15-19 - - - - - - - - - - - - 49 43 34 35 26 29 19
20-24 - - - - - - - - - - - 151 158 168 136 142 106 119 76
25-29 - - - - - - - - - - 537 590 739 822 664 694 517 582 374
30-34 - - - - - - - - - 1329 1313 1728 2260 2514 2029 2123 1581 1778 1143
35-39 - - - - - - - - 2300 2207 2613 3590 4697 5225 4217 4412 3285 3695 2375
40-44 - - - - - - - 3073 2853 3281 4055 5572 7289 8108 6545 6848 5098 5735 3685
45-49 - - - - - - 3138 3039 3382 4061 5019 6897 9023 10036 8101 8476 6310 7098 4561
50-54 - - - - - 2943 2895 3361 3905 4688 5795 7963 10417 11587 9353 9786 7285 8195 5266
55-59 - - - - 2834 2476 2919 3538 4110 4935 6100 8382 10966 12198 9846 10301 7669 8627 5544
60-64 - - - 2644 2357 2468 3038 3682 4278 5137 6349 8724 11413 12695 10248 10722 7982 8979 5770
65-69 - - 2065 1870 1997 2184 12688 3258 3785 4545 5618 7719 10098 11233 9067 9487 7062 7945 5105
70-74 - 1364 1427 1549 1727 1888 2324 2817 3274 3931 4858 6676 8733 9714 7841 8204 6107 6871 4415
75+ 1519 1546 1939 2197 2451 2679 3298 3998 4645 5577 6893 9472 12391 13783 11126 11641 8666 9749 6264

Figure 3.342a shows forecasted HPV-related cancer cases for the different birth cohorts for females as they move up the different age
groups. HPV-related cancer cases are increasing with increasing age, with the 75 and above age group having the highest number of

cases, for the cohorts after 1944-1948. Cases increase with cohorts, until they reach a peak in the 1984-1988 cohort, then drops again.
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Table 3.342b Forecasting of HPV cases by birth cohort and age-group-Males

Birth Cohorts
Age | 1o o2 1033 10 1943 105 10 105 1063 1068 1973 17 1985 1095 1003 1008 2003 2008 2004
0-4 - - - - - - - - - - - - - - - 5 6 3 3
5-9 - - - - - - - - - - - - - - 9 6 7 5 4
10-14 - - - - - - - - - - - - - 15 14 10 14 10 9
15-19 - - - - - - - - - - - - 35 27 28 23 34 23 21
20-24 - - - - - - - - - - - 30 35 29 35 30 43 29 26
25-29 - - - - - - - - - - 29 32 41 40 48 40 57 39 35
30-34 - - - - - - - - - 58 64 77 115 112 135 112 162 110 100
35-39 - - - - - - - - 99 100 119 167 249 243 293 244 352 238 217
40-44 - - - - - - - 174 155 169 237 331 495 483 582 486 699 473 432
45-49 - - - - - - 23 227 218 280 391 547 818 798 962 802 1155 781 713
50-54 - - - - - 304 312 325 366 470 657 919 1374 1341 1615 1347 1940 1312 1198
55-59 - - - - 273 276 307 375 422 541 757 1059 1583 1545 1861 1553 2236 1512 1380
60-64 - - - 257 284 312 406 496 558 716 1002 1401 2095 2045 2463 2055 2959 2000 1827
65-69 - - 207 194 232 299 389 475 535 687 961 1343 2008 1961 2362 1970 2837 1918 1751
70-74 - 181 138 140 196 252 328 401 451 579 810 1133 1694 1654 1992 1662 2393 1618 1477
75+ 196 202 166 197 277 356 463 566 637 818 1144 1600 2392 2335 2812 2346 3378 2284 2085

Displayed in figure 3.342b above are forecasted HPV-related cancer cases for the different birth cohorts for males as they move up the
different age groups. Just like all other cancers, the cases are increasing while moving to the next age group. Cases increase until the 60-
64 age group, then drops before reaching a peak in the 75 and above age group. The 1999-2003 cohort is expected to have the highest
cases among all the cohorts
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3.4 Forecasting of HPV-related cancer incidence-Under 3 scenarios

The sex-stratified APC was used for forecasting the HPV-related cancer incidence for the years
2016 to 2040. Three scenarios were examined; No intervention, HPV-vaccination of 87% (425
000-using 2014 coverage) girls who are 10-14 years old, and lastly, HPV vaccination of all girls
who are 10-14 years (100% coverage), beginning from 2014.

From the review of literature, the following assumptions were established for this study;

1. Vaccinated girls were only aged 10-14 years
2. Only girls were vaccinated

3. Vaccine efficacy of 90% assumed

The forecasted cases from the sex-stratified APC model (Figure 3.341), factoring in the above
assumptions, were used in the calculation of incidence rates (Figure 3.41). Because only girls are

being vaccinated in South Africa HPV vaccine campaign, forecasting was done for females, then
factored in the effects for the whole population.

Figure 3.41 Forecasted incidence rates for females under the scenarios reviewed
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Generally, an upward trend in HPV-related cancer incidence is observed for the years of the

forecast. The incidence was 109 cases per 100 000 population, in 2016 and rose to 142 cases per
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100 000 population in 2040. The HPV vaccination was considered from 2014, and the first effects
are first seen in the 2021-2025 period. In 2021-2025, without any vaccination, the incidence stood
at 132 cases per 100 000 population, with an 87% (425 000) vaccine coverage on girls aged 10-14
years old, the incidence decreases to 125 cases per 100 000 population, and further decreases to
91 cases per 100 000 population with a 100 % HPV vaccination of girls aged 10-14 years old. At
the end of the forecasting period, in 2040, if no vaccine was administered, the incidence would
reach 142 cases per 100 000 population. VVaccine coverage of 87% decreases the incidence to 119
cases per 100 000 population, and further reduces to 9 cases per 100 000 population, with a 100%
vaccine coverage.

Figure 3.42 Forecasted incidence rates for both sexes under the 3 scenarios
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In figure 3.42 above, we looked at the effects of HPV vaccination of girls age 10-14 years on the
incidence rate of HPV-related cancer for both sexes combined. Again, if nothing is done, an
upward trend in the incidence is projected, with the incidence rising from 70 cases per 100 000
population in 2016 to 83 cases per 100 000 population in 2040. There is a slight decrease in
incidence rate when 87% coverage is achieved, as it rises from 70 cases per 100 000 population in
2016 to 71 cases per 100 000 population in 2040. A 100% vyields a further reduction on the
incidence at it decreases to 14 cases per 100 000 population in 2040, from the 70 cases per 100
000 population in 2016.

30




CHAPTER 4: DISCUSSION
This section details the results and findings of this study, comparing them to previous studies and

what has already been published. The study’s strengths and limitations are also discussed.

4.1 Summary of the main findings
The aim of the study was to estimate the age, period, and cohort-specific incidence of HPV-related

cancers in South Africa over the next years from 2016 to 2040. A trend analysis was done for both
AGC and OPC for the period of 1996 to 2015. There was a significant downward trend in AGC
incidence for 1998 to 2003 and a significant upward trend from 2003 to 2015. The OPC showed a
decreasing trend for 1996 to 2015 period.

The sex-stratified APC was used for predicting HPV-related cancer incidence from 2016 up to
2040. Our analysis predicted an increase in HPV cancer incidence for both males and females. We
also predicted HPV-related cancer incidence under three scenarios; No intervention, HPV
vaccination of 87% coverage, and a 100% HPV vaccine coverage. The incidence decreased when

an 87% vaccine coverage is administered, a 100% coverage reduced the incidence further.

4.2 Age-Period-Cohort analysis of HPV-related cancer

Age:

Our model results showed an increase in HPV-related cancer cases with advancing age. A majority
of studies pointed out that advancing age was the main and most important risk factor for any
cancer type (50,83). This was the case for both males and females, where cases peaked around age
50, and then starts to drop. The mean age at diagnosis for the study was 52 years, a bit younger
compared to all types of cancers mean age at diagnosis (61). This may be because a majority of
HPV-related cancer cases are cervical cancer, which has 49 years as the mean age at diagnosis
(61).

Period:

A majority of studies on cancer predictions projected an increase in cancer incidence/cases in the
future (2,84). It only makes sense that our study found an increase in HPV-related cancer cases as

we progress in the period of diagnosis.
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Cohort:

Ideally, earlier cohorts are supposed to have the highest incidence rates/largest number of cancer
cases because of the association between cancer and advancing age (61). This, however, holds if
all cohorts are experiencing the same set of conditions e.g. HIV incidence, HPV vaccination. Our
study shows an increase in HPV-related cancer cases as birth cohort advances, until around the
1955 and 1950 cohorts for females and males respectively. Cases then drop for the “younger”

cohorts.

The results about the three main variables for our study show a similar trend to other APC studies

conducted in other parts of the world.

4.3 Analysis of HPV-related cancer trend (AGC and OPC)
AGC had higher incidence rates than OPC for period under study. For AGC, there was a downward

trend from 1998-2003 (APC -7.8%, p=0.001), following an increase in incidence rates from 1996-
1998 although it was not statistically significant (APC 4.8%, p=0.434). An upward trend is seen
from 2003 until the end of the period (APC 1.7%, p0.001). OPC also showed a downward trend
for the years 1996-2015 (APC -1.2%, p<0.001). Chikandiwa et al also found a downward trend
for OPC for 1996-2005 (APC -4.4%, p=0.01) (85). They also found different patterns for the
individual AGC'’s as there were increasing trends for anal, vulva, and vaginal (although it was not

significant), and declines in penile cancer (85).

4.4 Province of diagnosis of HPV-related cancers
Our analysis showed that a majority of HPV cancers are diagnosed in the Gauteng province,

followed by the Eastern Cape. This is confirmed by a recent study done which showed that the
Gauteng province had the highest screening rate for cancers and other conditions (86). This is true
for the South African setup as cancer patients are referred from their Province of residence to these
two Provinces for diagnosis and/or treatment. This then can only point out to lack of specialists,

facilities, and equipment in the other Provinces.

Because cancer patients are being referred from their province of origin to another for diagnosis,
it is worth noting that the province of diagnosis is not always the same as the province of residence.

This then makes it difficult to estimate the distribution of cancer cases by province.
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4.5 Prediction of Cancer Cases-2016-2040
Five-year projections of HPV-related cancer cases were produced for 2016-2040. Overall, HPV-

related cancer cases are expected to increase from 2016 up to 2040. Like the previous analysis of
the trend (1996-2015), females are expected to have the highest number of HPV-related cancer
cases compared to men. This is true because HPV-related cancer consists of around 90% of
cervical cancer, affecting females only. Although the study focused on HPV-related cancer alone,
the projections are in line with other cancer estimates in general, which also projected an increase
in cancer cases by the year 2040 (2,84,87).

4.6 Prediction of HPV-related Cancer Incidence-2016-2040 under 3 scenarios
The first scenario of projection was when no intervention is being implemented. When nothing is

done, HPV-related cancer incidence is expected to increase from 70 to 83 cases per 100 000
population, from 2016 to 2040. This is in line with the majority of estimates for determining future
cancer incidence, where these studies predicted an upward trend in cancer incidence up to 2030-
2040 (2,88)

The second scenario studied concentrated on the estimation of HPV-related cancer incidence by
taking into consideration the HPV vaccination campaign efforts. In 2014, HPV vaccination was
administered to 87% (425 000) of school-going girls, who were less than 14 years old. Then
assuming that on average, 425 000 girls are reached each year from 2014, with a vaccine efficacy

of 90%, the HPV-related cancer incidence only drops to 71 cases per 100 000 population, by 2040.

The third and last scenario considered was an HPV vaccine campaign of all (100%) girls who are
10-14 years old. This means that on average, 2, 404, 691 girls would be vaccinated per year. This
initiative would bring the incidence rate further down from 83 to 14 cases per 100 000 population,
by 2040.

Other studies conducted also found out that HPV vaccination decreases future cancer incidence
(28,29). The vaccine campaign coverage and the period the vaccine was first administered also
contributed to the overall incidence estimation. The higher the coverage, the lower the expected

incidence rate, and the earlier a strategy is implemented, the lower the incidence in the future (89).
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4.7 Limitations
This study used secondary data for all the analyses conducted. This then means that only the data

collected for the primary study could be used in our analysis. There was no simple and straight
way of dealing with incomplete, missing information. Also, there was no way of correcting
misclassified information from the primary study. This means that there might have been

misclassification bias tolerated.

Because the primary studies are used for other purposes, other than research, key socio-
demographic information was not collected. This limited the descriptive analysis part of the study,
e.g, it would be incorrect to use province of diagnosis for Spatio-temporal analysis as this is

different from the province of residence.

Data from STATS-SA are only aggregated and not available for the individual level. The analysis
was limited to aggregated methods and techniques only as both STATS-SA and NCR data were
key for the study. The NCR data were only available until 2015. There might have been changes
in the distributions and patterns in HPV-related cancers at the time of analysis, which the study

omitted.

It is of good practice to provide uncertainty bounds for predictions as this ascertains reliability of
the predicted values. Confidence intervals were not provided for the predictions in this study. The
model used only produced the estimated figures and there were not enough statistics for calculating

the confidence intervals.

4.8 Strengths
The data used in the study were obtained from the NCR, where it undergoes strong quality checks

and verifications before it can be used in any analysis. These processes include, but are not limited
to; verifications before capturing, capturing, verifications, cleaning and removal of noise data,
storage. This provided the study with rich quality data, from a good data management environment

from the primary study.

This study also used a larger sample-sized data collected across the whole of South Africa. This,

therefore, gives strong generalizability of the results obtained.

To our best knowledge, this is the first study to use the age-period-cohort model in South Africa.
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CHAPTER 5: RECOMMENDATIONS AND CONCLUSION
This section details lessons learned from carrying out the study, study implications, and then

provide a take-home message.

5.1 Recommendations
There is a need for revision of data collection tools from the NCR to cater for other important

socio-economic variables that may be of research interest, e.g., province of residence to enable
spatial analysis, lifestyle, educational and clinical factors to cater for risk factor analyses.

The province of diagnosis showed that the majority of cancers are largely diagnosed and treated
in two or three provinces. Cancer patients would have to travel long distances to access up-to-
standard healthcare, incurring travel and accommodation costs. In some cases, it may lead to
premature cancer deaths as other patients may not afford to pay these bills. There is a need for

decentralization of skills and efforts to cater to the whole country.

HPV vaccination provides one significant way of combating HPV-related cancers in the country.
Increasing the coverage of girls being vaccinated would help reduce the incidence to lower rates.
The inclusion of boys into the campaign could also present positive results. Other studies showed
that synchronizing HPV vaccination and screening produced optimum results (89), this is another

strategy that can be explored.

This study, backed by other studies around the globe, highlights that HPV-related cancer incidence
is expected to increase until 2040. There is a need for planning for the future, in terms of cancer

burden and ways of trying to bring this incidence down.

There are many APC models used in previous researches. Five (5) models were discussed in this
study under literature review and three (3) were attempted. Future research can explore these other

models.

In this study, we only explored HPV vaccination as a strategy to reduce HPV-related cancer
incidence. For future research, many other strategies and risk factors (e.g., HIV incidence, HPV

screening, etc.) need to be explored to give a precise estimation.
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5.2 Conclusion
Results from our study show that age, period, and cohort are important covariates in studying

patterns and distribution of cancer. Cancer incidence increased in advancing age, period and
cohort, for both males and females. Our study estimations concluded that HPV-related cancer
incidence is expected to increase in the future. This is in line with a lot of studies and predictions

conducted by other bodies around the world.

We explored strategies that would help reduce this high predicted incidence. Our model shows
that by 2040, for both sexes, HPV-related cancer incidence will increase from 70 cases per 100
000 cases in 2016 to 83 cases per 100 000 population. If a vaccine is administered to 87% percent
of girls who are 10-14 years, the incidence will drop to 70 cases per 100 000 population; if 100%
of girls who are 10-14 years are vaccinated the rate will drop to a low 14 cases per 100 000

population.
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Appendix 2- Additional results
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