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Impact of scaled up human papillomavirus vaccination and 
cervical screening and the potential for global elimination of 
cervical cancer in 181 countries, 2020–99: a modelling study
Kate T Simms, Julia Steinberg, Michael Caruana, Megan A Smith, Jie-Bin Lew, Isabelle Soerjomataram, Philip E Castle, Freddie Bray, Karen Canfell

Summary
Background Cervical screening and human papillomavirus (HPV) vaccination have been implemented in most high-
income countries; however, coverage is low in low-income and middle-income countries (LMICs). In 2018, the 
Director-General of WHO announced a call to action for the elimination of cervical cancer as a public health problem. 
WHO has called for global action to scale-up vaccination, screening, and treatment of precancer, early detection and 
prompt treatment of early invasive cancers, and palliative care. An elimination threshold in terms of cervical cancer 
incidence has not yet been defined, but an absolute rate of cervical cancer incidence could be chosen for such a 
threshold. In this study, we aimed to quantify the potential cumulative effect of scaled up global vaccination and 
screening coverage on the number of cervical cancer cases averted over the 50 years from 2020 to 2069, and to predict 
outcomes beyond 2070 to identify the earliest years by which cervical cancer rates could drop below two absolute 
levels that could be considered as possible elimination thresholds—the rare cancer threshold (six new cases per 
100 000 women per year, which has been observed in only a few countries), and a lower threshold of four new cases 
per 100 000 women per year.

Methods In this statistical trends analysis and modelling study, we did a statistical analysis of existing trends in 
cervical cancer worldwide using high-quality cancer registry data included in the Cancer Incidence in Five Continents 
series published by the International Agency for Research on Cancer. We then used a comprehensive and extensively 
validated simulation platform, Policy1-Cervix, to do a dynamic multicohort modelled analysis of the impact of 
potential scale-up scenarios for cervical cancer prevention, in order to predict the future incidence rates and burden 
of cervical cancer. Data are presented globally, by Human Development Index (HDI) category, and at the individual 
country level.

Findings In the absence of further intervention, there would be 44·4 million cervical cancer cases diagnosed globally 
over the period 2020–69, with almost two-thirds of cases occurring in low-HDI or medium-HDI countries. Rapid 
vaccination scale-up to 80–100% coverage globally by 2020 with a broad-spectrum HPV vaccine could avert 
6·7–7·7 million cases in this period, but more than half of these cases will be averted after 2060. Implementation of 
HPV-based screening twice per lifetime at age 35 years and 45 years in all LMICs with 70% coverage globally will bring 
forward the effects of prevention and avert a total of 12·5–13·4 million cases in the next 50 years. Rapid scale-up of 
combined high-coverage screening and vaccination from 2020 onwards would result in average annual cervical cancer 
incidence declining to less than six new cases per 100 000 individuals by 2045–49 for very-high-HDI countries, 
2055–59 for high-HDI countries, 2065–69 for medium-HDI countries, and 2085–89 for low-HDI countries, and to less 
than four cases per 100 000 by 2055–59 for very-high-HDI countries, 2065–69 for high-HDI countries, 
2070–79 for medium-HDI countries, and 2090–2100 or beyond for low-HDI countries. However, rates of less than four 
new cases per 100 000 would not be achieved in all individual low-HDI countries by the end of the century. If delivery 
of vaccination and screening is more gradually scaled up over the period 2020–50 (eg, 20–45% vaccination coverage 
and 25–70% once-per-lifetime screening coverage by 2030, increasing to 40–90% vaccination coverage and 90% once-
per-lifetime screening coverage by 2050, when considered as average coverage rates across HDI categories), end of the 
century incidence rates will be reduced by a lesser amount. In this scenario, average cervical cancer incidence rates will 
decline to 0·8 cases per 100 000 for very-high-HDI countries, 1·3 per 100 000 for high-HDI countries, 4·4 per 
100 000 for medium-HDI countries, and 14 per 100 000 for low-HDI countries, by the end of the century.

Interpretation More than 44 million women will be diagnosed with cervical cancer in the next 50 years if primary and 
secondary prevention programmes are not implemented in LMICs. If high coverage vaccination can be implemented 
quickly, a substantial effect on the burden of disease will be seen after three to four decades, but nearer-term impact 
will require delivery of cervical screening to older cohorts who will not benefit from HPV vaccination. Widespread 
coverage of both HPV vaccination and cervical screening from 2020 onwards has the potential to avert up to 
12·5–13·4 million cervical cancer cases by 2069, and could achieve average cervical cancer incidence of around 
four per 100 000 women per year or less, for all country HDI categories, by the end of the century. A draft global 
strategy to accelerate cervical cancer elimination, with goals and targets for the period 2020–30, will be considered at 
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the World Health Assembly in 2020. The findings presented here have helped inform initial discussions of elimination 
targets, and ongoing comparative modelling with other groups is supporting the development of the final goals and 
targets for cervical cancer elimination.

Funding National Health and Medical Research Council (NHMRC) Australia, part-funded via the NHMRC Centre of 
Excellence for Cervical Cancer Control (C4; APP1135172).

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
An estimated 530 000 cervical cancer cases were diagnosed 
globally in 2012, with 85% of these occurring in less 
developed regions.1 The average worldwide age-
standardised incidence rate of cervical cancer in 2012 was 
14 cases per 100 000 women.1 First-generation human 
papillomavirus (HPV) vaccines, including the quadrivalent 
vaccine, Gardasil (Merck, Kenilworth, NJ, USA), and the 
bivalent vaccine, Cervarix (GlaxoSmithKline, London, 
UK), can prevent about 70% and 84% of cervical cancers, 
respectively (if the potential for cross-protection against 
certain non-vaccine-included types is confirmed for the 
bivalent vaccine). A next-generation nonavalent HPV 

vaccine, Gardasil 9 (Merck), can prevent approximately 
90% of cervical cancers. However, these vaccines do not 
treat pre-existing infections and related cervical 
abnormalities. Thus, several generations of women need 
effective cervical screening. In 2016, the American Society 
of Clinical Oncology (ASCO) released cervical screening 
guidelines2 recommending screening for women aged 
30–49 years one to three times per lifetime in lower-
resource settings with primary HPV testing, on the basis 
of very strong evidence that HPV testing is a more 
effective, reliable, and adaptable method of screening (via 
the use of self-collected specimens) than traditional 
cytological methods.

Research in context

Evidence before this study
Although more than 30% of females aged 10–20 years in 
developed countries have received the human papillomavirus 
(HPV) vaccine, less than 3% had been vaccinated in 
less developed regions by 2014. More than 280 million vaccine 
doses have already been delivered worldwide, and 
Gavi, The Vaccine Alliance has articulated an aim to deliver 
another 30–40 million doses per year from 2020 onwards. 
Resource-stratified guidelines for cervical screening 
recommend HPV testing at least once per lifetime, even in 
low-income countries. WHO has called for global action 
towards scale-up of these proven approaches to cervical cancer 
prevention, towards the elimination of cervical cancer. 
However, the effect and timing on cervical cancer incidence of 
current vaccination coverage rates, the added benefit of Gavi 
achieving its targets, and the potential global effect of 
achieving uniform high-coverage HPV vaccination and 
screening is not well understood. We searched PubMed for 
studies published from Jan 1, 2010, to Sept 24, 2018, with the 
search terms “timing” or “timeline”, “cervical cancer”, 
and “elimination”. English-only publications were included. 
Only one previous study that estimated the timeline to 
elimination of cervical cancer in any country was identified; this 
study, co-authored by some of us, estimated that Australia, 
a very-high-Human Development Index (HDI) country with 
early and high coverage implementation of both HPV 
vaccination and cervical screening, will achieve a cervical cancer 
incidence of less than four cases in 100 000 women by 2035.

Added value of this study
Given current trends in cervical cancer incidence, and existing 
screening and vaccination coverage, the number of cervical 

cancer cases per annum will increase from about 600 000 in 
2020, to 1·3 million in 2069, resulting in 44·4 million new cases 
of cervical cancer during this period, with almost two-thirds of 
the burden being in countries with low or medium HDI. 
Widespread coverage of both HPV vaccination and cervical 
screening from 2020 onwards has the potential to avert up to 
12·5–13·4 million further cases by 2070 and could achieve an 
average cervical cancer incidence of less than four cases per 
100 000 in all country HDI categories, by the end of the century. 
This study highlights that, as we previously found in Australia, 
elimination of cervical cancer is possible in most countries, 
provided high-coverage screening and vaccination can be 
achieved.

Implications of all the available evidence
The Director-General of WHO has announced a call to action 
for the elimination of cervical cancer as a public health 
problem, with intent to submit a resolution on a global cervical 
cancer elimination strategy at the World Health Assembly in 
2020. The findings of this study reinforce that high priority 
should be given to the effective implementation of 
high-coverage cervical screening and HPV vaccination in 
low-income and middle-income countries. The study also 
suggests that if an annual elimination threshold of four cases 
per 100 000 were to be set, this threshold would be achievable 
as an average rate in each HDI category by the end of the 
century, but would not necessarily apply to all individual 
low-HDI countries. Our findings also imply that extremely 
rapid and effective scale-up of prevention interventions would 
be required to reach global average incidence rates 
approaching four per 100 000 women across all HDI categories 
by the end of the century.
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Globally, considerable disparities exist between 
countries and within countries in terms of HPV 
vaccination and cervical cancer screening coverage rates. 
In 2008, overall screening uptake was reported to be 19% 
in low-income and middle-income countries (LMICs), 
compared with 63% in high-income regions.3 HPV 
vaccination coverage is much lower in LMICs than in 
high-income countries; by 2014, an estimated 33·6% of 
girls and women aged 10–20 years in high-income 
countries had received the full course of the HPV vaccine, 
compared with 2·7% of such females in LMICs.4 Gavi, 
The Vaccine Alliance, has announced intent to provide 
support for the bivalent vaccine and quadrivalent vaccine 
pilot programmes in selected countries, with an aim to 
support delivery of 30–40 million doses of vaccine 
annually from 2022.5 Assuming a two-dose schedule, this 
programme could result in up to an additional 
15–20 million girls and women vaccinated per annum in 
these countries (equivalent to 25–35% of the world’s 
10-year-old population); however, vaccine supply 
challenges could affect the achievability of these targets.6

Offsetting the effects of vaccination are population 
growth and ageing, which are likely to result in an 
increase in the number of cervical cancer diagnoses over 
the remainder of the century, particularly in LMICs, even 
in regions where cervical cancer incidence rates have 
been declining.7 Cervical cancer incidence has been in 
constant flux in the past half century, with the risk of 
cervical cancer in successive generations decreasing in 
some settings, due to effective cytology screening,7,8 and 
increasing in other settings, potentially because of sexual 
behavioural differences or HPV co-factor exposures in 
successive cohorts in the absence of screening 
intervention.9,10 These existing trends in cervical cancer 
incidence must be taken into account when considering 
the impact of future interventions. The long-term 
interplay of these factors with the time-delayed effects of 
vaccination, and the potential benefit of screening or 
adult HPV vaccination in hastening preventive effects, 
are not well understood.

In May, 2018, the Director-General of WHO called for 
“coordinated action globally to eliminate cervical 
cancer”. This call has been supported by several key 
agencies, with intent to submit a resolution on a global 
cervical cancer elimination strategy at the World Health 
Assembly to be held in May, 2020. An elimination 
threshold in terms of cervical cancer incidence has not 
yet been defined as part of this process, but an absolute 
cervical cancer incidence could be chosen for such a 
threshold. Findings from our recent analysis showed 
that in view of current prevention efforts, rates of 
cervical cancer could fall below four cases per 
100 000 women by 2021–35 in Australia;11 however, to 
date, quantitative estimates of the effect of the global 
implementation of massively scaled up vaccination and 
screening initiatives on cervical cancer rates and 
burden of disease (case numbers) are not available. 

Such estimates provide crucial background to future 
discussions of an appropriate threshold. 

In this context, the current study aimed to predict the 
global burden of cervical cancer over the remainder of 
this century under a range of scenarios, including 
current country-specific uptake of HPV vaccination and 
screening, as well as the possibility of very rapid (or 
gradual) scale-up of HPV vaccination and cervical 
screening worldwide. We aimed to quantify the 
cumulative potential effects of increased global 
vaccination and screening coverage on cervical cancer 
cases averted during the 50 years from 2020–69 and to 
extend predictions of cervical cancer incidence rates to 
2099 to capture the full effect of HPV vaccination, which 
takes many decades to be observed. Using these 
predictions, we aimed to identify the earliest years by 
which cervical cancer rates could drop below 
two absolute levels, which could be considered as 
potential elimination thresholds—the rare cancer 
threshold (six cases per 100 000 women per year as 
defined in Europe and Australia)12,13 and a lower 
threshold (four cases per 100 000 women per year).

Methods
Study design and data sources
In this statistical trends analysis and modelling study, we 
used an extensively validated dynamic model of HPV 
transmission, HPV vaccination, cervical precancer, 
cancer survival, screening, diagnosis, and treatment 
(Policy1-Cervix).14–18 The platform has been used to do 
evaluations to inform current and future vaccination and 
screening policy decisions for a range of countries 
including Australia, England, New Zealand, the USA, 
and China. Details of model structure and function are 
provided in the appendix (pp 1–4).

We projected the global burden of cervical cancer using 
country-specific and age-specific incidence rates of 
cervical cancer for countries included in GLOBOCAN 
estimates for 2012 from the International Agency 
for Research on Cancer (IARC),1 with corresponding 
population estimates and projections obtained from the 
UN Population Division19 (data were available for 
181 countries from GLOBOCAN and UN population 
projections, and of these, 177 were described in the 
Human Development Index [HDI] report). To capture 
and project trends in cervical cancer incidence caused by 
effects other than future screening or vaccination (given 
that vaccination and screening is being explicitly captured 
by Policy1-Cervix), we analysed high-quality cancer 
registry data from IARC’s Cancer Incidence in Five 
Continents series using data from volumes 8–11 covering 
the 20-year period between 1993 and 2012. The analysis 
included 37 registries across 20 high-density countries in 
eight geographical regions representing countries across 
the four HDI categories (low, medium, high, and very 
high), which are based on the 2015 Human Development 
Report.20 Details on how Policy1-Cervix and the trends 

See Online for appendix
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analysis are used to project the future rates and burden 
of cervical cancer estimates are in the appendix (pp 6–15).

Screening and vaccination scenario description
Estimates of current screening and vaccination 
coverage are based on country-specific coverage rates 
from published sources4 and from the Catalan Institute 
of Oncology HPV Information Centre.21 We used 
country-specific data on the proportion of cancers 
attributable to vaccine-included types (appendix p 16),21 
and took into account global observations that a higher 
proportion of cervical cancers are caused by HPV types 
16 and 18 in women younger than age 40 years than in 
women older than 70 years.22 We assumed 100% efficacy 
of HPV vaccination against new infections with 
vaccine-included types in females and males aged up to 
26 years (in relevant scenarios) and also assumed 
90% efficacy in females and males aged 16–49 years, 
and considered cross-protection against non-vaccine-
included types for the bivalent vaccine. Detailed 
assumptions are described in the appendix (pp 16–19).

When projecting cervical cancer incidence rates forward 
in time, we assumed that the population structure remains 
unchanged from the 2015 world population (so-called 
population year standardisation, as has been done in other 
evaluations for projected incidence rates),23 and we age 
standardised our rates to the 2015 world female population. 
The effects of year standardisation and age standardisation 
are discussed in the appendix (pp 35–40).

Results are presented at the global level and are 
stratified by the four HDI tiers (low, medium, high, and 
very high) for the 177 of 181 countries who had an HDI 
category. Results are also presented for all 181 individually.

When estimating the future incidence of cervical 
cancer, we assumed that current annual screening and 
vaccination coverage rates would be maintained, and we 
also considered six scenarios for further scale-up. First, 
Gavi commitments for HPV vaccine support are achieved 
in targeted countries by 2020 (appendix p 18). We assume 
that 50–80% coverage is achieved in girls aged 10 years in 
these countries, resulting in 27–39 million HPV vaccine 
doses required from 2020, similar to that predicted in the 
2017 supply and procurement roadmap.5 Second, 
80–100% vaccination coverage is achieved globally from 
2020 onwards in girls aged 12 years across all countries. 
Third, HPV testing (or other screening technology with 
equivalent high sensitivity and performance) twice per 
lifetime, at ages 35 years and 45 years, with 70% of the 
total population of age-eligible women attending each 
test, is implemented in all countries without existing 
cervical screening (and countries in which screening is 
done but coverage is <30%) from 2020 onwards, in line 
with the resource-stratified ASCO guidelines;2 we 
assumed that 85% of women with screen-positive results 
would comply with follow-up recommendations. Fourth, 
80–100% vaccination coverage is achieved globally in 
girls aged 12 years from 2020 onwards across all countries 

(using a nonavalent vaccine or another vaccine with 
equivalent broad-spectrum protection), and HPV testing 
twice per lifetime at ages 35 years and 45 years with 
70% coverage is achieved from 2020 onwards (with 
screening assumptions as previously described). Fifth, 
80–100% vaccination coverage is achieved with a broad-
spectrum vaccine with nonavalent vaccine-equivalent 
protection for both girls and boys aged 12–15 years and 
70% vaccination coverage is achieved as a one-off catch-
up in the year 2020 for females and males aged 
16–49 years (an exploratory strategy known as HPV-
FASTER, for which cost-effectiveness has not been 
shown; also note that licensing of vaccines in various 
jurisdictions is only to age 45 years); we assumed that the 
vaccine was 90% effective at preventing new infections in 
women and men older than 26 years who are currently 
uninfected (regardless of whether they were previously 
exposed) and 100% effective for younger ages. Sixth, a 
more gradual scale-up, in which increasing screening 
coverage once per lifetime between ages 30–49 years 
(with a uniform probability of attending between these 
ranges) and vaccination with the nonavalent vaccine in 
girls aged 12 years is achieved gradually from 2023–50, 
with slower scale-up for less developed regions (table 1; 
appendix p 18).

When modelling screening, we assumed that HPV 
DNA testing (or a test with equivalent performance 
characteristics) was used. Test accuracy, compliance, and 
downstream management of women who are HPV 
positive were based on a model of screening in rural 
China.24 We assumed that 85% of women who were HPV 
positive at screening were appropriately managed and 
treated. More detailed screening-related assumptions are 
described in the appendix (pp 16–20).

Sensitivity analysis
We did a sensitivity analysis by varying key parameters in 
the model, including UN population projection estimates 

2023 2030 2045 2050

Screening

Very-high-HDI countries 66% 70% 80% 90%

High-HDI countries 50% 70% 80% 90%

Middle-HDI countries 20% 40% 70% 90%

Low-HDI countries 10% 25% 60% 90%

Vaccination

Very-high-HDI countries 33% 45% 72% 90%

High-HDI countries 14% 45% 72% 90%

Middle-HDI countries 9% 30% 48% 60%

Low-HDI countries 6% 20% 32% 40%

Assumed percentage of females within each HDI category who are vaccinated or screened. When simulating scale-up, 
we assumed a linear increase in vaccination and screening coverage rates between the coverage rates reported here 
for 2023, 2030, 2045, and 2050. We assumed screening would occur once per lifetime between the ages of 30 and 
49 years, with a uniform probability of attending at any age in this range. HDI=Human Development Index.

Table 1: Assumed percentage of females vaccinated and screened by 2023, 2030, 2045, and 2050 in the 
example gradual scale-up scenario
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Figure 1: Projected global number of cervical cancer cases in 2020–99 (A) and projected age-standardised 
incidence rate of cervical cancer (B), given alternate vaccination and screening scenarios
Shaded regions represent the range of outcomes from lowest to highest vaccination coverage considered in each 
scenario. Age-standardised incidence rate calculated using the 2015 world female population for ages 0–84 years.19 
HPV4=tetravalent vaccine. HPV2=bivalent vaccine. HPV9=nonavalent vaccine. 
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(low variant and high variant estimates as lower and 
upper ranges), future trends assumptions (using lower 
(baseline and no herd effects as upper and lower ranges), 
and screening coverage (40–80% as lower and upper 
ranges), as described in the appendix (pp 33–40). We also 
did an extensive sensitivity analysis around the effect of 
population year and standardisation (appendix pp 32–39).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
In the absence of further change in cervical screening 
coverage or vaccination coverage, we found that the 

annual global number of cervical cancer cases is predicted 
to increase from about 600 000 in 2020 to 1·3 million in 
2069 because of population growth and ageing, as well as 
changes in underlying risk factor exposures in populations 
(including changes in HPV exposure in successive cohorts 
and changes in distribution of exposure to HPV lifestyle 
co-factors in populations, including HIV, smoking, use of 
oral contraceptives, parity, and age of first full-term 
pregnancy), which are captured in the analysis of cervical 
cancer incidence trends. The combined effect of these 
factors is predicted to result in a total 44·4 million new 
cases over the 50 year period (figure 1A; table 2). In the 
absence of current vaccination coverage (approximately 
7·5% globally), an additional 1·3 million cancer cases 
would have occurred from 2020 to 2069 (figure 1A). If 
Gavi vaccination targets are met with the quadrivalent 
vaccine, bivalent vaccine, or the nonavalent vaccine, then 
1·5–2·5 million cases of cervical cancer could be averted 
by 2069 for the quadrivalent vaccine, 1·8–2·9 million 
cases for the bivalent vaccine (if cross-protection 
against some non-vaccine-included-types is sustained), or 
2·0–3·1 million cases for the nonavalent vaccine. At 
80–100% coverage with the nonavalent vaccine, 
6·7–7·7 million cases of cervical cancer will be averted 
(15–17% reduction), but more than half of these averted 
cases will occur in the last decade of this period (2060–69). 
If women are offered two screenings during their lifetime 
in addition to high-coverage nonavalent vaccination, an 
earlier impact will be achieved, with an additional 
5·7–5·8 million cases averted, resulting in a total of 
12·5–13·4 million cases averted over this period 
(28–30% reduction). If high coverage vaccination is 
achieved for female and male individuals aged 12–49 years 
(HPV-FASTER; exploratory analysis), 14·0–14·3 million 
cancer cases could be averted.

Figure 2A and table 3 show the projected burden of 
cervical cancer by HDI category. Given current 
screening and vaccination annual coverage rates, 
around two-thirds of the world’s 44·4 million incident 
cervical cancer cases predicted over the period 2020–69 
will occur in countries indexed as having a low or 
medium HDI. If rapid scale-up to 80–100% coverage 
with a broad-spectrum vaccine (eg, the nonavalent 
vaccine) is achieved together with two screenings per 
lifetime, three-quarters of the global 12·5–13·4 million 
cases would be averted in countries indexed as low HDI 
and medium HDI.

Combined implementation of high-coverage nonavalent 
vaccination and two screenings per lifetime (ie, rapid 
scale-up scenario) will result in cervical cancer incidence 
decreasing to six cases per 100 000 women per year from 
2045–49 in very-high HDI countries, 2055–59 in high-
HDI countries, 2065–69 in medium-HDI countries, and 
2085–89 in low-HDI countries, and below four cases per 
100 000 from 2055–59 in very-high HDI countries, 
2065–69 in high-HDI countries, 2070–79 in medium-
HDI countries, and 2090–2100 and beyond in low-HDI 
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countries (figure 1B, table 4). If delivery of vaccination 
and screening is more gradually scaled-up over the period 
2020–50 (eg, 20–45% vaccination coverage and 25–70% 
once-per-lifetime screening coverage by 2030, increasing 

to 40–90% vaccination coverage and 90% once-per-lifetime 
screening coverage by 2050, when considered as average 
coverage rates across HDI categories), end of the century 
incidence rates will be reduced by a lesser amount. In this 
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Figure 2: Predicted number of 
cervical cancer cases 

worldwide by country HDI 
category (A) and predicted 

age-standardised incidence 
rate of cervical cancer by 

country HDI category (B), 
under a range of 

interventions
The width of the coloured 

regions represents the upper 
and lower bound of 

vaccination coverage. 
Age-standardised incidence 

rate calculated using the 2015 
world female population for 

ages 0–84 years.19 For 
very-high-HDI countries, 

the estimates take into 
account the ongoing benefits 

of the implementation of 
high-coverage screening 

programmes for long periods 
of time (>10 years) in many of 
these countries. However, we 

did not explicitly model future 
improvements to these 

programmes via increased 
coverage or implementation 

of routine primary HPV 
testing. HDI estimates for 

North Korea, Somalia, 
Puerto Rico, and Réunion 

(France) were not available 
from the Human Development 
Report, and they are therefore 
not included in this subgroup 

analysis (although 
country-level predictions for 

these countries are presented 
in the appendix pp 21–31). 

ASR=age-standardised rate. 
HPV4=tetravalent vaccine. 

HPV2=bivalent vaccine. 
HPV9=nonavalent vaccine.
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Very high HDI High HDI Medium HDI Low HDI Worldwide 
mean

Rare cancer threshold (six cases per 100 000) 2045–49 2055–59 2065–69 2085–89 2060–69

Lower threshold (four cases per 100 000) 2055–59 2065–69 2070–79 2090–2100 onwards 2070–79

HDI=Human Development Index.

Table 4: Timeline by mean annual cervical cancer incidence decrease to less than the rare cancer threshold (six cases per 100 000 women) or a threshold of 
four cases per 100 000, by country HDI category, for rapid scale-up scenarios

gradual scale-up scenario, average cervical cancer 
incidence rates will decline to 0·8 cases per 100 000 for 
very-high-HDI countries, 1·3 per 100 000 for high-HDI 
countries, 4·4 per 100 000 for medium-HDI countries, 
and 14 per 100 000 for low-HDI countries by the end of 
the century (figure 2b). Under the gradual scale-up 
scenario, average cervical cancer rates will decline to 
0·8 cases per 100 000 for very-high-HDI countries and 
1·3 per 100 000 for high-HDI countries by the end of the 
century; however, cervical cancer incidence will remain 
higher than 4.4 per 100 000 in medium-HDI countries 
and 14 per 100 000 in low-HDI countries at the end of the 
century (figure  1b).

Our aggregate findings at the HDI level and global level 
are based on predicted incidence rates at the individual 
country level. We present the rates predicted at the end of 
the century for each country if no further action is taken 
(current screening and vaccination coverage; figure 3A). 
Generally, countries with high or very high HDI are 
predicted to have lower cancer incidence than medium-
HDI or low-HDI countries due in large part to higher 
vaccination and screening coverage. If rapid scale-up of 
high HPV vaccination coverage and cervical screening 
coverage is achieved by 2020, many countries will achieve 
an incidence of cervical cancer below four cases per 
100 000; however, several countries (mainly in Africa) will 
still have an incidence of cervical cancer higher than four 
cases per 100 000 by the end of the century (figure 3B). 
The effects of varying key parameters as part of the one-
way sensitivity analysis are shown in the tornado 
diagrams in the appendix (pp 33–35). Assumptions about 
future trends have the largest effect on the number of 
cervical cases averted over the 50 year period 2020–69 if 
high-coverage screening and vaccination is achieved 
globally from 2020 onwards (variation in the number 
of cases averted over the period 2020–69 of about 
11–15 million; appendix pp 33–35).

Discussion
In this analysis, we have estimated that given the current 
levels of HPV vaccination and cervical screening, which 
are substantially higher in high-HDI and very-high-HDI 
countries than in medium-HDI and low-HDI countries, 
the annual global cervical cancer burden will increase 
from 600 000 new cases in 2020, to 1·3 million new cases 
by 2069. This increase would result in 44·4 million 
cervical cancer cases being diagnosed during the period 

2020–69; two-thirds of these cases would occur in 
countries currently categorised as low HDI or medium 
HDI. High coverage vaccination, if it could be scaled up 
quickly, will have a substantial effect on the burden of 
disease, but this effect will be mainly realised later in the 
century; nearer-term effects require effective scale-up of 
cervical screening. One of the highest-impact scenarios 
that we examined was the combined intervention of the 
nonavalent HPV vaccination of young girls and HPV 
screening twice per lifetime at age 35 years and 45 years, 
with high coverage achieved from 2020 onwards, which 
could prevent up to 12·5–13·4 million cases of cervical 
cancer in the next half century. In this scenario, the 
estimated year at which rates of less than six new cervical 
cancer cases per 100 000 women will be achieved is 
2045–49 for very-high-HDI countries, 2055–59 for high-
HDI countries, 2065–69 for medium-HDI countries, and 
2085–89 for low-HDI countries, and the year at which 
rates decrease below four new cases per 100 000 is 
estimated to be 2055–59 for very-high-HDI countries, 
2065–69 for high-HDI countries, 2070–79 for medium-
HDI countries, and 2090–2100 onwards for low-HDI 

Figure 3: Age-standardised incidence rate of cervical cancer predicted for the 
year 2099 given current screening and vaccination (A) or with 80–100% 

HPV9 coverage and two screenings per lifetime achieved with rapid scale-up 
in all countries from 2020 onwards (B)

Age-standardised incidence rate was calculated using the 2015 world female 
population for ages 0–84 years.19 (A) The y-axis represents the ASR of cervical 

cancer (using the 2015 world female population) on a log scale in the year 2099, 
once the full impact of any existing programmes have been considered and taking 

into account in statistical trends (rates not comparable to GLOBOCAN 2012 
directly for this reason); the size of the circles represent the cumulative case 

numbers of cervical cancer over 2020–69 given current screening and vaccination 
coverage. (B) The y-axis represents the burden with 80–100% nonavalent vaccine 
coverage and two screenings per lifetime is achieved rapidly in all countries from 

2020 onwards. The x-axis shows the HDI as reported in the 2016 Human 
Development Report. Countries with either no current national HPV vaccination 

programme, or with a current programme but less than 20% coverage are shaded 
grey; countries with 20–39% coverage are shaded red; countries with 40–59% 

coverage are shaded blue; countries with 60–79% coverage are shaded light blue; 
countries with 80–100% coverage are shaded green; and countries with a national 

programme but no reported coverage are unshaded. HDI estimates for North 
Korea, Somalia, Puerto Rico, and Réunion (France) were not available from the 

Human Development Report, and they are therefore not included in this subgroup 
analysis (although country-level predictions for these countries are presented in 

the appendix pp 21–31). Denmark and Columbia showed a substantial decrease in 
coverage rates which is captured here. Ireland also showed a decrease in coverage 
rates,25 however, this was not explicitly captured in this analysis.Declines reported 

in these countries are all reflected in the figure. ASR=age-standardised incidence 
rate. HDI=Human Development Index. HPV=human papillomavirus.  
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countries. If this level of scale-up is achieved, more than 
three-quarters of the averted cases would occur in low-
HDI or medium-HDI countries; many of these countries 

have no existing national screening or HPV vaccination 
initiatives, but many are eligible for Gavi funding. An 
exploratory HPV-FASTER scenario was also predicted to 
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have an important effect within the first few decades; 
however, this scenario would need to be carefully 
evaluated for cost-effectiveness, and we made the 
assumption here that the vaccine would be effective even 
in adults who had previously been exposed to a particular 
HPV type if they were not currently infected with that 
type at the time of vaccination; in practice, there are 
uncertainties about the long-term population-level 
effectiveness of vaccination of adults in this group. 
Notably, the overall population effectiveness of this 
strategy depends on the risk of subsequent exposure to 
HPV after vaccination.

If both screening and vaccination coverage is more 
gradually scaled up in 2020–50 (eg, 20–45% vaccination 
and 25–70% once-per-lifetime screening coverage by 2030, 
increasing to 40–90% vaccination and 90% once-per-
lifetime screening coverage by 2050, when considered as 
average coverage over HDI categories), we found that 
average annual cervical cancer incidence rates will remain 
higher than 4·4 per 100 000 in medium-HDI countries 
and 14 per 100 000 in low-HDI countries. Therefore, in the 
absence of rapid scale-up, a reduction in cervical cancer 
incidence to four per 100 000 will be delayed in countries 
with low and medium HDI, and, unfortunately, disparities 
in cervical cancer rates will still persist at the end of the 
century. Furthermore, we found that some countries in 
eastern Africa are not likely to achieve rates of less than 
four cases per 100 000 by the end of the century, even if 
high-coverage HPV vaccination and cervical screening 
coverage twice per lifetime could be achieved by 2020. 
Therefore, for these countries, other interventions will 
probably be required, such as HIV control (since the risk 
of HPV progression to cervical cancer is increased in 
women with HIV) and more frequent screening. It should 
also be noted that considerable disparities also exist within 
countries, even in very-high-HDI or high-HDI countries, 
and our findings for the average rates of cervical cancer in 
a country or HDI category do not imply that elimination 
will be achieved in all high-risk subgroups within 
countries. Therefore, achieving equity of outcomes should 
continue to be a priority.

Our study has several strengths. The model used 
for this evaluation is a comprehensive dynamic 
model of HPV transmission, vaccination, and cervical 
screening, capturing the effects of herd protection and 
detailed screening management. The model has been 
validated across diverse populations,17,18,26 and was also 
validated against independent model predictions of 
the longer-term effect of Gavi targets on cancer cases 
averted27 (appendix p 20). The model incorporated 
a detailed trends analysis incorporating data from 
37 cancer registries from 20 high-density countries 
in eight regions that represented populations from 
low-HDI, medium-HDI, high-HDI, and very-high-HDI 
categories.

This study also had several limitations and simplified 
assumptions were made in the analysis. We assumed 

high vaccine effectiveness at two doses for vaccination of 
those aged 15 years or younger, and lifetime duration of 
protection, which is supported by evidence showing 
more than 95% effectiveness in HPV-naive individuals, 
and evidence suggesting that vaccine duration of 
protection will be very long or lifelong.28 We also 
considered cross-protection for the bivalent vaccine on 
the basis of strong evidence of at least 7 years of cross-
protection,29 but assumed that the quadrivalent vaccine 
and the nonavalent vaccine provided no cross-protection, 
on the basis of evidence suggesting that quadrivalent 
cross-protection is likely to be limited to moderate 
protection against HPV type 31 and modelled analysis 
suggesting that realistic cross-protective efficacy for the 
quadrivalent vaccine has minimal effects on health 
outcomes in vaccinated cohorts.30–33 There is also no 
evidence to suggest nonavalent vaccine cross-protective 
efficacy for the remaining non-vaccine-included types. 
We also did not fully account for geographical differences 
in sexual behaviour across settings, which will influence 
the magnitude of herd protection in cohorts offered 
vaccination and adjacent cohorts. However, we found 
that herd effects had a relatively small effect on projected 
averted cancer cases (difference of fewer than 0·5 million 
in averted cases during 2020–69 when disregarding herd 
effects) and no observable change in the timeline for 
rates reaching four cases per 100 000 when considering 
the global mean. By contrast, uncertainties in trends 
analysis, which accounts for potential changes in sexual 
behaviour over time, cofactors in HPV progression, and 
other factors (appendix pp 33–35) had a more substantial 
effect on the timeline to elimination and the burden of 
cervical cancer during 2020–69 (>3 million variation in 
averted cases in upper vs lower trend assumptions).

We also found that the timing for achieving elimination 
threshold rates was sensitive to the population structure 
used to estimate the age-standardised rate. For this 
analysis, we chose to use the 2015 world female popu
lation for both year and age standardisation, although we 
considered how our predictions would vary if we used 
the Segi world population, or the 2030 world female 
population for age standardisation (appendix pp 36–41). 
This emphasises the importance of clarity in the expected 
population standardisation process in establishing 
elimination thresholds for cervical cancer incidence. 
We also made a simplifying assumption that very-high-
HDI and high-HDI countries that have already 
implemented an HPV vaccination programme did so in 
the year 2010, and we did not consider the effect of catch-
up programmes, the change to nonavalent vaccination 
(which has occurred in some countries), or changes to 
more effective primary HPV-based screening, which 
means we might have underestimated the timeline to 
elimination for some very-high-HDI and high-HDI 
countries (appendix pp 16–18).

In the HPV-FASTER scenario, we made the assumption 
that a vaccination coverage of 70% for both female and 
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male individuals aged 16–49 years would be achieved 
globally by 2020; three doses are required to achieve 
effective vaccination in this age group. However, even in 
developed settings, vaccination of the adult population 
does not reach the level of coverage achieved in childhood 
and adolescent programmes. For instance, in the USA, 
although pregnant women are recommended to receive 
vaccines for influenza and diphtheria, tetanus, and 
pertussis, both of which require only one dose for full 
efficacy, uptake of such vaccines in pregnant women is 
only about 50% in the USA,34,35 despite their frequent 
attendance for various prenatal screening visits, with 
similarly low coverage in Australia.36 Successfully 
providing three doses of the HPV vaccine with 
appropriate spacing of doses to women or men is likely 
to be even more challenging, particularly in less 
developed regions. One important consideration with 
regard to HPV-FASTER is the number of doses required 
to vaccinate females and males aged 16–45 years, 
particularly given that vaccine supply is in shortfall to 
demand.6 Achieving 70% coverage in these age groups in 
the year 2020 would require over 6 billion HPV doses 
(assuming a three-dose schedule is required in adults).

We did not explicitly account for country-specific HIV 
prevalence in our analysis, although country-specific 
estimates accounted for current burden of cervical cancer. 
The worldwide prevalence of HIV in adults (aged 
15–49 years) is 0·8%; however, in some countries in 
sub-Saharan Africa, HIV prevalence is as high as 
18–27%.37,38 A study in South Africa in a population with 
high HIV prevalence found that see-and-treat screening 
with HPV testing was effective in reducing cervical 
intraepithelial neoplasia grade 2+ within 12 months after 
effective treatment.39 The present study assumes that 
women with HIV would have the same incidence of high-
grade dysplasia lesions and respond equally well to 
treatment as their HIV-negative counterparts. Evidence to 
support these assumptions is mixed39–43 and importantly 
does not account for the impact of effective antiretroviral 
therapy for HIV treatment initiated early in the disease 
course with sustained HIV suppression over decades. 
WHO has recommended more frequent screening in 
women who are HIV positive, which we have not explicitly 
considered here;44 in this sense, our predictions for the 
effect of screening could be considered conservative. 
Taking all these factors together, the effectiveness of 
screening in populations with high HIV prevalence might 
differ from what we have presented. More clinical data 
from LMICs on the effectiveness of HPV-based screening 
will be essential to better inform future analyses.

We used GLOBOCAN estimates for cervical cancer 
rates in 2012. Owing to the continued paucity of high-
quality, population-based cancer registries in LMICs, 
incidence data in many countries remain either 
non-existent or have problems of incompleteness or 
validity, and when there is no local information, 
GLOBOCAN estimates rely on extrapolations from 

neighbouring settings. The Global Initiative for Cancer 
Registry is a partnership that attempts to redress this 
situation by supporting the development of robust data 
from population-based cancer registries to inform local 
cancer control planning. We also assumed in our most 
optimistic scenarios that rapid scale-up to high global 
vaccination coverage rates (≥80%) is achievable. Some 
LMICs have introduced national HPV vaccination 
programmes with high coverage, including Bhutan and 
Rwanda, with Rwanda achieving more than 95% three-
dose coverage since 2010.4 A one-dose vaccination trial is 
ongoing,45 and if non-inferiority is shown, this strategy is 
likely to greatly facilitate an increase in coverage. 
Additionally, delivery of vaccines either as part of 
childhood immunisation schedules or in the antenatal 
setting46 could increase the potential for high global 
coverage, given that other antenatal vaccines have 
achieved more than 80% coverage in many low-income 
settings.47 However, evidence for the safety and 
effectiveness for delivery of vaccines in early childhood or 
in the antenatal setting would be required.

We also made some assumptions about future adherence 
to cervical screening. There are cultural, logistical, and 
financial barriers to scaling up cervical screening coverage 
in many settings, and providing access to screening tests 
and quality colposcopy, pathology, and precancer treatment 
procedures can present a substantial challenge. Cervical 
screening guidelines released by ASCO in 20162 recom
mend HPV testing at least one to three times per lifetime 
across all settings, with more frequent screening in 
settings with more access to resources. Self-collection for 
HPV testing has also been shown to be acceptable for 
women across many settings, and the sensitivity and 
specificity of PCR-tested self-collected samples compared 
with clinician-collected samples is favourable.48,49 The HPV 
test has also been listed as an essential diagnostic test by 
WHO,50 and if organisations can help to provide this key 
diagnostic at an affordable price, it could help to facilitate 
the roll-out of screening in these settings.

Although we did not explicitly estimate mortality in 
this study, cervical cancer incidence reductions will 
have an eventual impact on cause-specific mortality; 
in addition, cervical screening is likely to have some 
benefits in terms of survival improvements because of 
downstaging of detected cancer. Screening is required 
for a substantial effect on cervical cancer mortality to be 
observed before 2040, because our predictions imply that 
vaccine effect on cervical cancer will not be substantial 
until after 2040.

We did not explicitly estimate the impact of HPV 
vaccination on other HPV-related cancers over the course 
of the century, and it should be noted that the burden 
of disease for other HPV-related anogenital and 
oropharyngeal cancers in both males and females will be 
favourably affected if massive high-coverage global 
scale-up of high-coverage HPV vaccination can be 
achieved.

For more on The Global 
Initiative for Cancer Registry 
see http://gicr.iarc.fr
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In conclusion, our findings show that a failure to 
expand current programmes to reach the women who 
would most benefit from cervical cancer prevention 
strategies will have devastating consequences. Almost 
45 million women will be diagnosed with cervical cancer 
over the next half century, with two-thirds (30 million) of 
those cases occurring in low-HDI and medium-HDI 
countries. On the basis of an estimated mortality-to-
incidence ratio in unscreened populations of around 
50%,1 more than half of these cases in countries with 
medium or low development would be expected to be 
fatal in the absence of improvements in treatment 
services, and thus our findings imply that up to 15 million 
deaths from cervical cancer could occur in low-HDI and 
medium-HDI countries. WHO has called for urgent 
action to scale up implementation of proven measures 
towards achieving the elimination of cervical cancer as a 
global public health problem, including vaccination 
against HPV, screening and treatment of pre-cancer, 
early detection and prompt treatment of early invasive 
cancers, and palliative care. A draft global strategy to 
accelerate cervical cancer elimination, with goals and 
targets for the period 2020–30, will be considered at the 
World Health Assembly in 2020. The findings presented 
here have helped inform initial discussions of elimination 
targets, and ongoing comparative modelling with other 
groups is supporting the development of the final goals 
and targets for cervical cancer elimination.
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