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ABSTRACT

Background Mortality rates from cervical cancer
demonstrate deep inequality in health between richer

and poorer populations. Over 310000 women died of this
preventable disease in 2018, mostly in low-income and
middle-income countries (LMICs) where screening and
treatment are beyond the capacity of health systems.
Immunisation against human papillomavirus (HPV) offers
a primary prevention strategy, but rates of vaccination
uptake are unclear. Understanding coverage levels

and factors affecting uptake can inform immunisation
strategies.

Objectives The aim of this study is to evaluate the status
of HPV vaccination coverage from nationally reported
indicators and to estimate global coverage in a single year
cohort of vaccine-eligible girls.

Design This study provides quantitative population-level
estimates of important global health indicators. Using
data from the Global Cancer Observatory and WHO/
UNICEF, incidence of and mortality from cervical cancer
and HPV vaccination coverage are described for countries,
categorised by income group. Characteristics of LMICs
achieving high coverage are explored using selected
development indicators from World Bank sources. Global
HPV immunisation coverage is calculated and its impact
on cervical cancer mortality estimated.

Results Incidence and mortality for cervical cancer
correlate with poverty. Whilst all WHO member states
report high infant measles vaccination rates, fewer than
half report on HPV vaccination. Even amongst high-income
countries, coverage varies widely. In upper-middle-income
countries, there is a trend for higher coverage with
increased health spending per capita. Four LMICs report
good coverage levels, all associated with external funding.
Global HPV immunisation coverage for 2018 is estimated
at 12.2%. Of the global cohort of 61 million 15-year-old
girls in 2018, 7000 are likely to die from cervical cancer,
almost all in LMICs.

Conclusions Countries in all income groups must devise
strategies to achieve and maintain higher levels of HPV
immunisation. For all but the richest, affordability remains
a barrier.

INTRODUCTION

The burden of cervical cancer

Over 310000women died of this prevent-
able disease in 2018, 90% of whom were in

.2 Therese Hesketh??

Strengths and limitations of this study

» This study collates immunisation data submitted by
all 195 WHO members for 2018.

» Data for human papillomavirus vaccination cover-
age are missing for over half of WHO members for
2018, limiting the conclusions which can be drawn
from analysis.

» Data for immunisation coverage, cancer incidence
and mortality and development indicators are drawn
from three databases maintained by separate or-
ganisations for different purposes, potentially limit-
ing comparability.

» Analysis is limited by variable methods used for data
collection by individual countries including adminis-
trative, survey and estimated data.

» The study analyses a single year of reported immu-
nisation data with the attendant risk that this might
not be truly representative.

low-income and middle-income countries
(LMICs).!

Cervical cancer is a sexually transmitted
disease caused by the human papilloma-
virus (HPV).? In 2018, there were an esti-
mated 570000 new cases of cervical cancer
worldwide.! High-income countries (HICs)
report age-standardised incidence rates
(ASIRs) of 5-10 per 100000women, with age-
standardised mortality rates (ASMRs) as low
as 2 per 100000women.” This compares to
an ASIR over 40 per 100000 in much of sub-
Saharan Africa, where ASMRs are 30-60 per
100000.°

In HICs, the incidence of cervical cancer
declined by half in the past 30 years largely
due to screening®; the case fatality rate also
declined as a result of treatment advances
which can now achieve survival rates of up
to 87% in early-stage disease’ and 70% with
locally advanced disease® In contrast, inci-
dence in sub-Saharan Africa has increased
over this period, with high case fatality rates’
due to late stage presentation” and limited
treatment availability.”?
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Prevention of cervical cancer

The Pap smear has enabled effective prevention of
cervical cancer since the 1950s."’ Alternative screening
approaches requiring less skill and fewer resources include
visual inspection with acetic acid"' and self-sampling for
HPV DNA testing.'” All these methods require colpo-
scopic follow-up to ablate abnormal epithelial cells.

The discovery of HPV as the causative agent of cervical
cancer® offered the opportunity to develop primary
prevention approaches. Early clinical trials of vaccines
against HPV-16 and HPV-18, the strains responsible for
70% of cervical cancers, showed high efficacy against
infection in adolescent girls."” Additional strains (HPV-6
and HPV-11) are now included in a quadrivalent vaccine
which offers effective prevention of precancerous cervical
lesions, as well as precursors of vaginal, vulval, anal canal,
penile and oropharyngeal cancers.'* "> Population-based
studies (all in HICs) demonstrated that, with greater
than 50% vaccine uptake, HPV-16 and HPV-18 infections
decreased by 68% in girls aged 13-19.'° Cross-protection
against other HPV strains and infections in older women
were noted, suggesting herd effects.'”'®

HPV immunisation programmes began in 2007, mostly
in HICs,19 and cost-effectiveness studies have shown clear
benefits.” Programmes have increasingly used schools-
based implementation strategies supplemented by
opportunistic delivery through primary care providers.21
Resource-stratified guidelines have been developed® to
encourage adoption of HPV immunisation programmes
in LMICs, but barriers to implementation remain.”

The success of programme implementation remains
unclear. A 2016 pooled analysis of data from published
literature, government websites and donor aid sources
estimated that only 1.2% of women had received a
complete course of vaccine with wide variations: 33.6% of
females aged 10-20years in developed regions, but only
2.7% in less developed regions.** A review of 28 studies
to 2013 also reported wide variations in coverage.” A
survey of 45 LMICs found high uptake could be achieved
in school-based programmes® but, where school enrol-
ment was low, supplementary approaches were needed.”’
Two recent reviews found wide differences in policy and
uptake across Europe.28 * Many HICs have registries
providing estimates for coverage (see literature review in
online supplemental file 1), but few such sources are avail-
able in LMICs. Furthermore, estimates based on widely
different methodology cannot easily be compared across
time or geography. A recent WHO/UNICEF report esti-
mated that less than one in three girls live in a country
with HPV vaccine in the immunisation schedule® and,
even where provided, many girls are not reached, regard-
less of country income levels.”"

WHO strategy towards the elimination of cervical cancer

The key challenge for HPV immunisation is how to
extend its benefits to most of the world’s population. The
WHO Global strategy for elimination of cervical cancer
has adopted targets of 90% vaccination coverage, 70%

twice-lifetime screening and 90% treatment of preinva-
sive lesions and invasive cancer by 2030.%

Any evaluation of progress towards achieving these
targets requires country-level statistics using reliable,
consistent and clearly defined indicators. A database
compiled by WHO and UNICEF, released in 2019,
provides indicators of HPV vaccination coverage, as
reported by member countries.” The aim of this study is
to provide a baseline estimate of global HPV immunisa-
tion coverage from these data, and to compare coverage
levels between and among countries in different income
strata.

METHODS

This study uses data from three publicly available data-
bases to examine the burden of cervical cancer glob-
ally and evaluate coverage with HPV vaccination. Data
are gathered at nation state level and analysed by strata
of gross national income (GNI per capita), according
to World Bank criteria.”® Categories are: HICs, upper-
middle-income countries (UMICs), lower-middle-income
countries (here abbreviated as LrMICs, to distinguish
from LMICs) and low-income countries (LICs).

Global Cancer Observatory

The global cancer observatory (GCO)* is an interactive
web-based platform provided by the International Agency
for Research on Cancer (the specialised WHO cancer
agency). This includes estimates of incidence, mortality
and prevalence of the main cancer types, by sex and age
group.” The GCO Today database® was interrogated
for country-level data for cervical cancer incidence and
mortality in 2018, including absolute numbers and crude
and age standardised rates per 100000 women.

World Bank

Classification of countries according to World Bank
Income Groups was obtained for the 2018 calendar year.”
Demographic and economic data for 2018 were extracted
from the World Bank Open Data web page.”® Mortality
and school enrolment data were sourced from the World
Bank Development Indicators database.”

UNICEF-WHO immunisation databases
Global immunisation data are requested annually by
UNICEF/WHO from the Ministries of Health of every
WHO member state™ and are collated and made avail-
able through the UNICEF website.” The dataset ‘WHO
estimates of HPV immunisation coverage 2010-2018"*" (a
copy is provided in online supplemental file 2) contains
country-level first and last dose reported HPV vaccina-
tion coverage according to a locally defined age schedule
and/or by age 15.

To provide a comparator for HPV immunisation
reporting, the UNICEF measles immunisation dataset
was accessed™ to obtain 2018 indicators for percentage
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of infants receiving a first and second dose of measles-
containing vaccine.

The selected data from each of the three sources were
downloaded and amalgamated into an Excel spreadsheet,
matching countries to the 195 WHO member list grouped
by income strata.

Cervical cancer incidence and mortality

Cervical cancer incidence and mortality data were tabu-
lated by country; incidence of and mortality from all
other cancers (ie, all cancers excluding cervical cancer)
was calculated by subtracting cervical cancer from all
cancer. Data were expressed as crude incidence rates per
100000 females for age bands 0-24, 25-39, 40-54, 55-69
and over 70.

Immunisation coverage and development indicators

Data for measles and HPV immunisation coverage and
selected economic and development indicators were tabu-
lated at country level. Scatter plots were used to demon-
strate potential associations between these variables and
HPV immunisation completion in 2018. Trend lines were
added using Excel tools (using a least squares method).

Estimation of global HPV immunisation coverage

To estimate global HPV vaccination coverage, cohort size
for each country was approximated from the following
indicators provided by the World Bank for 2018™:

a. Total female population age 5-14.

b. Female deaths age 5-14, using the formula:

Cohort size = (a + 10) — (b + 2).

This provided an estimate of the female population
cohort at age 15. The numbers of vaccinated and unvac-
cinated girls in each national cohort were calculated.
For non-reporting countries, immunisation rates were
assumed to be zero. Estimates of predicted cervical cancer
deaths in the unvaccinated cohort were calculated using
the country-specific remaining lifetime mortality risk at
age 15, available from the GCO database.” As the HPV
vaccine is estimated to prevent infection causing 90% of
cervical cancers,” in the vaccinated cohort, the disease-
specific mortality rate was estimated at 10% of the unvac-
cinated cohort.

Patients and public involvement
Neither patients nor the public were involved in this study.

RESULTS

Demographic and cancer data, immunisation rates and
selected development indicators are shown at country
level in tables A-D in online supplemental file 3. Coun-
tries are categorised by income group, within which they
are listed alphabetically. Data are given for 2018 or the
most recent year available. Data sources are described in
the Methods section.

Burden of cervical cancer

Estimates of ASIR and ASMRs in 2018 for cervical cancer
are shown at individual country level in tables A-D in
online supplemental file 3. These data are summarised
for income groups in figure 1, stratified by age bands and
compared with all other cancers. Cervical cancer is more
common in younger age groups compared with other
cancers and, in every age band, the rate of new cases of
and deaths from cervical cancer is clearly associated with

poverty.

Immunisation reporting

Immunisation reporting for 2018 submitted by indi-
vidual countries to WHO is shown in tables A-D in online
supplemental file 3. While all 195 participating countries
submitted data on measles vaccination, only 78 coun-
tries reported on HPV immunisation programmes, of
which two (Zimbabwe and Thailand) had delivered only
first doses. Seventy-six countries reported on completed
courses to the locally defined target female population.
These data are included in tables A to D in online supple-
mental file 3, except where higher coverage was reported
for completed courses by age 15, suggesting vaccination
catch-up. The HPV vaccine coverage data, therefore,
provide a best-case scenario snapshot of vaccination
coverage in 2018 for the 76 reporting countries.

Immunisation reporting by income group is summarised
in table 1, showing the number of countries in each
income group that submitted records of measles and
HPYV vaccination. Measles first dose vaccination coverage
was over 80% in all but 35 countries, many of which were
LrMICs or LICs affected by conflict (eg, South Sudan,
Syria and Somalia). However, reporting of second dose
measles vaccination showed lower coverage levels, partic-
ularly in LrMICs and LICs.

Similarly, the proportion of countries reporting HPV
immunisation was related to income level although, even
in HIGCs, there were significant gaps in reporting. To
examine factors that might contribute to establishment
and success of HPV immunisation programmes, selected
development indicators were compared with rates of HPV
completion.

HICs and UMICs

Scatter plots in figure 2 show 2018 HPV immunisation
completion in HICs, plotted against four indicators:
GNI per capita, health expenditure per capita, percent
of health expenditure from private sources and female
secondary school enrolment.

Data on HPV immunisation completion were available
from 41 of 59 HICs. Of reporting nations, 11 recorded
immunisation completion rates above 80% and only four
had rates below 20%. The charts in figure 2 suggest no
correlations between the development indicators exam-
ined and levels of HPV immunisation in HICs.

The same set of indicators, plotted against HPV immuni-
sation completion rates for UMICs, are shown in figure 3.
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Figure 1

Incidence and mortality of cervical and all other cancers in 2018, by income group and age bands. Data are shown

as crude rates per 100000 females. Note differences in scale of x-axes.

Among 59 UMICGs, 33 did not report on HPV immuni-
sation; of the 26 that did, 7 had completion rates below
20% and only 6 achieved completion rates above 80%.
Of the development indicators analysed, there was no
apparent correlation in UMICs between HPV immunisa-
tion completion rates and either the proportion of health
expenditure from private sources, or the rate of female
secondary school enrolment. The data, however, suggest
trends relating both GNI/capita and health expendi-
ture/capita (both at purchasing power parity, PPP) with
HPV immunisation completion rates.

LrMICs and LICs

The World Bank income group classification for 2018
lists 46 LrMICs and 31 LICs among WHO members. Both
groups have very few nations reporting on HPV immu-
nisation completion (see tables C, D in online supple-
mental file 3). Of those that do, several are very small
(eg, Bhutan, Micronesia and Sao Tome) and will not be
discussed further here.

Two countries in each of the LrMIC and LIC groups
report relatively high levels of HPV immunisation comple-
tion: Bolivia and Honduras (both at 61%) among LrMICs;
and Rwanda (at 84%) and Uganda (at 72%) among LICs.
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Estimate of global HPV immunisation coverage and
preventable mortality

Country-level HPV immunisation rates and an estimated
cohort size for 15-year-old girls in 2018 were used to calcu-
late numbers of immunised and unimmunised girls in
this single global cohort. These data are summarised for
each income group in table 2.

If the absence of reporting indicates a lack of immu-
nisation (which is far from clear), then the rate of HPV
immunisation globally in this cohort was only 12.2%.
Extrapolating from this, approximately 7000 girls in this
1-year global birth cohort might be expected to die from
cervical cancer, almost all in poorer nations.

DISCUSSION

This study shows that poverty is a major contributor to
the burden from cervical cancer. Women die now from
this preventable disease due to lack of knowledge, insuf-
ficient screening and an absence of diagnostic and treat-
ment services. The data demonstrate that cervical cancer
affects a younger age group than most cancers and that,
at all ages, incidence and mortality from cervical cancer
increase with poverty. Widespread HPV immunisation
could resolve this inequity.

An important limitation of this study reflects the limita-
tions of the data sources on which it is based. Estimates of
cancer incidence and mortality in most HICs are based
on registry data. In poorer countries such estimates may
be less reliable as registries are often absent, incomplete
or out of date. Cancer data are often based on house-
hold surveys and extrapolation from limited hospital data
and neighbouring communities.*” It is likely that many
cancer cases in LMICs go unrecorded. If so, then the gaps
described in cervical cancer mortality between richer and
poorer nations may be wider than estimated.

Similar criticisms apply to data for vaccination coverage.
All WHO member states reported on infant immuni-
sation in 2018 (shown here by 100% reporting of first
measles vaccination), confirming the commitment and
administrative capacity (at least in theory) to comply with
reporting. However, fewer than half submitted data on
HPV immunisation. Even in rich countries, these data
are suspect because many do not have national organised
programmes and/or do not maintain adequate regis-
tries (see literature review in online supplemental file 1).
Coverage estimates based on survey data can be subject
to selection and recall biases and may not differentiate
between initiation and completion of vaccination courses.
Where survey data are described in the literature for such
countries, it suggests low rates of coverage,”** associated
with opportunistic approaches to HPV immunisation.

Unsurprisingly, economic and developmentrelated
indicators do not explain wide variations in coverage
rates in HICs. Most have well-organised and well-funded
public health programmes, exemplified by high levels
of completed measles immunisation. Similarly, female
secondary school enrolment is universally high, enabling
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Figure 2 Scatter plots of development indicators against HPV immunisation completion in high-income countries (HICs) in
2018. GNI, gross national income; HPV, human papillomavirus; PPP, purchasing power parity.

organised HPV immunisation. Vaccine hesitancy is a
barrier,” * although information campaigns can be effec-
tive to reverse falls in coverage.

Just under half of UMICs reported on HPV immuni-
sation coverage, but few achieved rates above 80%. Most
of these countries have organised health systems with
excellent performance on childhood immunisation.
They also have a high proportion of females enrolled in
secondary school. It appears that, for countries in this
wealth bracket, a critical factor may be total health expen-
diture per capita. It is notable that, while most HICs spent
over US$1800/ capita at PPP on health in 2018, only 2 of
59 UMICs reached this level and most were well below.
While extensive missing data preclude tests for correla-
tion, these findings suggest that, even for these relatively
affluent countries, affordability remains a barrier for HPV,
but not measles vaccine; it is notable that the cost of one
dose of quadrivalent HPV vaccine to UMICs is estimated

at around US$15 compared with US$0.69 for one dose of
measles vaccine.*

Among the 46 countries in the LrMIC group, only
half achieve second dose measles vaccine administration
above 80%; only 5 countries reported female secondary
school enrolment above 80%. It is, therefore, unsur-
prising that establishment of HPV immunisation does not
appear to be a priority in these communities. However,
there are two exceptions: Bolivia and Honduras, both
with coverage rates of 61%. Development indicators in
these countries are mixed: while Honduras does well with
second-dose measles, Bolivia does not; the opposite is true
of female secondary school enrolment. Both are above
the median in their income group for GNI/capita and
for health spending per capita, though neither reaches
the 90th percentile for either indicator. These indicators
do not, therefore, explain the observed outperformance
for HPV immunisation rates. Although neither country
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Figure 3 Scatter plots of development indicators against HPV immunisation completion in upper-middle-income countries
(UMICs) in 2018. GNI, gross national income; HPV, human papillomavirus; PPP, purchasing power parity.

receives a significant proportion of health funding from
external sources (Bolivia 2% and Honduras 5%) they
do receive support from GAVI, the Vaccine Alliance for
immunisation programmes, in common with a number
of other LrMICs."

Low-income nations are defined as those with GNI/
capita below US$1025 per annum (in 2018), reflected in
low (or unreported) levels of female secondary school
enrolment, low rates of measles second-dose vaccines
and high dependence on external sources for health
expenditure. Many of these nations are in conflict zones
or are recent victims of natural disaster. Limited health
budgets allow little for public health measures, such as
HPV immunisation programmes. Among LICs, Rwanda
and Uganda report high HPV immunisation rates for
2018 (84% and 72%, respectively). Both are close to the
median for GNI/capita and health expenditure per capita

but receive high proportions of health spending from
external sources. Specifically, both are GAVI supported
nations, with funded HPV immunisation programmes.*
Both countries have contributed to important lessons in
how to structure such programmes, and particularly how
to include hard-to-reach out-of-school girls.?® !

The global HPV vaccination coverage rate in 2018
is calculated at 12.2%. This is an approximation, based
on only lyear of data, combining different indicators
as reported by individual countries. In those countries
where vaccination registries are absent, these indicators
are often survey based; where countries rely on oppor-
tunistic approaches to HPV vaccination, data are esti-
mated. Where indicators are not reported, especially
among richer nations, the assumption of no coverage
likely underestimates some level of opportunistic vaccina-
tion. The estimated global coverage rate depends on a
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calculation of cohort size derived from a single year’s data
for childhood populations in each country.

Despite the limitations of the available data, the esti-
mate of lifetime cervical cancer mortality in a single
annual cohort of 15-year-old girls, demonstrates the
wide gap between rich nations and all others. In HICs
with a collective immunisation coverage rate of only
42%, cervical cancer mortality for this cohort is forecast
at 3.4 per 100000women. Assuming secondary preven-
tion and treatment approaches remain unchanged from
the present, girls in this cohort in UMICs can expect
a mortality rate more than twice as high as in HICs; in
LrMICs almost four times as high and in LICs more
than six times the HIC rate. This calculation assumes
that mortality rates in the unimmunised population
reflect current mortality rates. This is reasonable as the
earliest vaccinated cohorts are only beginning to reach
the age at which cervical cancer presents, and therefore,
will not yet have reduced observed mortality rates. The
calculation assumes HPV vaccination provides protection
against 90% of cancers while some of the cohort will have
received a vaccine offering 70% protection. On the other
hand, partial protection provided by incomplete vaccine
courses has been ignored. It is important to note that in
HICs, with effective secondary prevention and treatment
for cervical cancer, widespread HPV vaccination will save
few lives. The primary benefits of immunisation in these
settings will be to reduce reliance on invasive screening
programmes and to reduce the expense and morbidity of
the disease and its treatment.

These data strongly support the proposition that the
burden of cervical cancer will continue to be borne by
women in poor nations. However, there is cause for opti-
mism. Eradicating cervical cancer is a recent priority
initiative of WHO.? Strategies to support this include
ongoing updates to the database recording country-level
HPV immunisation coverage. It now includes 107 coun-
tries recording vaccine course completion, with evidence
of recent programme initiation in others. A July 2020
WHO report” and follow-up study’ estimate global
HPV immunisation coverage of 15%, slightly above the
rate estimated in this study, due mainly to recent intro-
ductions of immunisation programmes. A recent agree-
ment with manufacturers is expected to increase supply
of vaccine allowing GAVI to reach a broader population
of girls in LMICs.”

Countries at all income levels need to maintain
high uptake of HPV immunisation. Organised, fully
funded, school-based programmes, monitored through
centralised registries, offer the most effective strategy.
These must be supported by information campaigns to
increase awareness of cervical cancer and HPV immuni-
sation, to address vaccine hesitancy and to reach out-of-
school girls.

CONCLUSION
Only the richest nations can currently afford routine
HPV immunisation. For all others, even though

cost-effectiveness is clear, healthcare budgets and
competing priorities limit affordability. Success requires
a commitment to universal health coverage and to
secondary education for girls, as well as political will and
strong leadership. Most importantly, initiatives to address
affordability across all LMICs are required. Increased
development assistance directed at HPV immunisation, as
promised through multilateral organisations with coop-
eration from vaccine suppliers, will help financially and
with technical support. A focus needs to be maintained on
these objectives, despite global disruption and competing
demands due to the COVID-19 pandemic.
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