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In May 2018, the Director-General of the World Health 
Organization (WHO) called for global action to eliminate cer-
vical cancer1. This call marked the beginning of an ambitious 
international effort to scale up 3 key strategies: human papil-
lomavirus (HPV) vaccination, cervical cancer screening, and 
treatment of precancerous lesions and cancer. Subsequently, 
the WHO and its partners developed a global strategy to 
accelerate the reduction of cervical cancer incidence, with an 
ultimate goal of achieving elimination within the next cen-
tury. This Global Strategy represents a formal international 
commitment and is anchored in the 90-70-90 targets to be 
achieved by 2030. In parallel, several countries have also set 
national commitments, such as Sweden’s pledge to achieve 
elimination by 2027 and Australia’s target of achieving elim-
ination by 2035.

Cervical cancer elimination and 
modeling studies

Eliminating cervical cancer requires substantial and sustained 
investment in prevention and control programs. Before the 
large-scale implementation of these efforts, assessing the fea-
sibility of elimination, identifying conditions under which 
elimination can be achieved, and estimating the time frame 

required to realize this goal are crucial. These steps cannot 
be addressed through direct observation, because the effects 
of prevention and control require decades to manifest at the 
population level. In this context, mathematical models serve 
as essential tools for synthesizing available epidemiological 
data, simulating disease progression, and assessing the long-
term effects of various intervention strategies. The evidence 
generated by these models can in turn inform policy deci-
sions. Specifically, they can be used to estimate the potential 
decreases in incidence and mortality achieved from HPV vac-
cination and cervical screening, and to compare the effective-
ness of various intervention scenarios.

Modeling evidence supporting the 
global 90-70-90 elimination targets

Initial modeling efforts were conducted in Australia to assess 
the feasibility of cervical cancer elimination. With sustained 
high coverage of HPV vaccination and cervical screening, 
elimination within the next 20 years was found to be poten-
tially achievable in Australia2. This study provided the first 
quantitative evidence that elimination can be a realistic goal in 
well-resourced settings with mature programs. Subsequently, 
a global modeling study that expanded this assessment to all 
countries demonstrated that while elimination was techni-
cally feasible in most settings, it required rapid and extensive 
scale-up of interventions. In particular, for low- and mid-
dle-income countries (LMICs), which carry 85% of the global 
cervical cancer burden, accelerated introduction of HPV vac-
cination and screening would be essential to narrow the equity 
gap3.

To provide technical evidence to support global deci-
sion-making, the WHO convened the Cervical Cancer 
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Elimination Modeling Consortium (CCEMC), comprising 
3 independent modeling teams using the Harvard model, 
the Policy1-Cervix model, and the HPV-ADVISE model. 
These teams applied their transmission-dynamics models 
to 78 LMICs and evaluated the long-term effects of various 
intervention strategies. Results from 2 coordinated publica-
tions projected that high girls-only HPV vaccination cov-
erage could decrease cervical cancer incidence by 89% over 
the next century. However, in many countries, particularly 
those with higher baseline incidence and lower vaccine cov-
erage, vaccination alone would be insufficient to achieve the 
elimination threshold of 4 cases per 100,000 women annu-
ally. Incorporating 2 lifetime screens would accelerate the 
effects and make elimination feasible in a broader range of 
settings4,5.

Together, these modeling efforts helped define key technical 
elements of the global strategy. A threshold of 4 new cases per 
100,000 women annually was used to define elimination. This 
threshold was supported across studies and has been used by 
the WHO. In addition, the combined findings contributed to 
the development of the 90-70-90 targets, i.e., 90% of girls fully 
vaccinated with HPV vaccine by age 15 years, 70% of women 

screened with high-performance tests by 35 years of age and 
again by 45 years of age, and 90% of women identified with 
cervical disease receiving treatment6. The coordinated use of 
modeling has provided a strong foundation for strategic deci-
sion-making at the global level (Figure 1).

Context-specific modeling for 
tailored national-level elimination 
strategies

Although global targets provide a common framework, coun-
try-level modeling remains critical to assess the feasibility of 
elimination and to identify the most suitable strategy path-
ways under various national conditions. Hence, alongside the 
CCEMC studies, many other modeling efforts have been con-
ducted to assess the feasibility and timelines for cervical cancer 
elimination in specific settings.

In high-income settings with established prevention pro-
grams, elimination is projected to be achievable within 
decades. For example, in Australia, high-coverage HPV vac-
cination and screening could lead to elimination within 

Figure 1  Timeline of key modeling studies and WHO milestones on cervical cancer elimination. Yellow: WHO-led call, strategy, and action for 
cervical cancer elimination. Blue: Global and regional modeling studies. Pink: Studies from high-income countries. Green: Studies conducted 
in China. Purple: Studies focused on low- and middle-income countries (LMICs). WHO, World Health Organization.
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20 years2. Similarly, the United States has been projected to 
achieve elimination between 2038 and 2046 under current 
policies, and faster progress would be possible if screening 
coverage were further increased7. In Norway, existing cervical 
cancer control strategies are expected to achieve elimination 
by 20398. A recent study from Greece has estimated that the 
goal of elimination could be achieved by 2047 if current levels 
of HPV vaccination and screening are maintained9.

In contrast, the timelines for LMICs are often prolonged, 
because of resource constraints. Modeling in South Africa has 
indicated that elimination is unlikely within 100 years under 
current intervention levels. Achieving elimination in South 
Africa calls for coupling the 90-70-90 strategy with more 
intensive screening for women living with HIV10. Similarly, 
in Tanzania and other high-HIV burden countries, enhanced 
efforts are also necessary11-13.

National-level modeling is also essential for identifying 
elimination strategies appropriate for local conditions. In 
India, modeling highlighted the cost-effectiveness of sin-
gle-dose vaccination to expand coverage and decrease costs14. 
Comparable findings were reported in other sub-Saharan 
African countries, where single-dose strategies could accel-
erate elimination efforts under limited-resource settings15,16. 
These examples underscore how context-specific modeling 
guides feasible pathways tailored to health system constraints. 
The variations in elimination timelines largely reflect the sub-
stantial disparities that exist among countries, driven by differ-
ences in vaccination history, screening capacity, health system 
resources, and population risk profiles. Model-based projec-
tions must be grounded in valid data and realistic assumptions 
specific to each context.

Model-based strategies and 
optimal pathway for cervical cancer 
elimination in China

In China, a series of modeling studies have been conducted to 
inform cervical cancer elimination strategies. The first foun-
dational study projected that elimination could be achieved by 
the early 2070s through a budget-optimized strategy, if current 
resource constraints were assumed to continue17. A subse-
quent study proposed a comprehensive optimal pathway inte-
grating tailored strategies for different birth cohorts, which 
was projected to achieve elimination as early as 2047 while 
generating net economic savings from a societal perspec-
tive18. A follow-up modeling study indicated that immediate 

nationwide scale-up of HPV vaccination and screening could 
avert 14.8–15.8 million cervical cancer cases and 5.75–6.11 
million related deaths, save $21.7–27.7 billion in costs, and 
enable China to achieve cervical cancer elimination by the 
2060s19.

Another study has explored how to optimize the use of 
available doses, considering vaccine supply constraints. 
Prioritizing the routine vaccination of girls 9–14 years of age, 
rather than undertaking multi-age cohort campaigns, was 
projected to provide greater long-term benefits in terms of 
cases and deaths averted under supply-limited conditions20. 
Additionally, modeling work informed pricing strategies for 
integrating HPV vaccines into the national immunization 
program (NIP). One study determined that for nationwide 
two-dose HPV vaccination program, $26–$36 per-dose would 
be cost-effective, while a price below $5 would be required 
to achieve cost savings21. Screening strategies have also been 
evaluated, HPV self-sampling and screen-and-treat approach 
has been found to be cost-effective in underserved settings22. 
In addition, switching from bivalent to nonavalent HPV vac-
cines has been projected to be a cost-effective option under 
current pricing structures23.

These modeling studies highlight the critical roles of tai-
lored strategies, cost-effectiveness evaluations, and techno-
logical advancements in guiding China’s efforts to eliminate 
cervical cancer. They provide crucial evidence to inform pol-
icy decisions and optimize resource allocation, thereby foster-
ing the sustainable success of elimination efforts in China.

Cervical cancer elimination planning 
tool: empowering LMICs with a 
modeling-based roadmap

Although modeling studies have been conducted at the global 
level and in certain countries, a critical need persists for tools 
that can accommodate diverse national contexts, particularly 
in LMICs. To address this need, the International Agency for 
Research on Cancer, in collaboration with the University of 
Sydney and other partners, developed the Cervical Cancer 
Elimination Planning Tool (EPT)24. This publicly available 
online tool is designed to assist LMICs in developing cervi-
cal cancer strategies that are both effective and sustainable, 
and tailored to their demographic profiles and health system 
capacities. The EPT simulates the long-term effects of vaccina-
tion, screening, and treatment interventions, provides coun-
try-specific projections to support planning. By translating 
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modeling insights into an accessible and context-relevant for-
mat, it helps governments map out practical pathways toward 
elimination.

The EPT complements both the CCEMC’s global modeling 
work and national-level studies, providing actionable guid-
ance to directly inform decision-making in diverse settings. 
Importantly, the EPT was specifically designed to support 
localized modeling in LMICs, where resource limitations and 
heterogeneous infrastructure have historically impeded the 
use of modeling-based approaches. By providing robust and 
adaptable projections, the tool empowers LMIC governments 
to align national action plans with the WHO 90-70-90 targets 
while accounting for local realities.

Mathematical models used in 
cervical cancer elimination

Beyond parameter inputs, model structure critically influences 
projections. In the United States, the Cancer Intervention and 
Surveillance Modeling Network (CISNET) has supported 
coordinated cervical cancer modeling through 5 independently 
developed models: MGH-Cervical (MGH), HSPH-Cervical 
(Harvard), UMN-Cervical (Minnesota), STDSIM-MISCAN-
cervix (Erasmus), and Policy1-Cervix (UYSD). These models 
simulate HPV transmission, disease progression, and inter-
vention effects, and have informed HPV vaccination and 
screening policies. HSPH-Cervical and Policy1-Cervix have 
contributed to the CCEMC studies4,5, and the Policy1-Cervix 
platform also underpins EPT24.

Five CISNET cervical cancer models differ in the structure 
and scope. HSPH-Cervical, UMN-Cervical, and Policy1-
Cervix include dynamic HPV transmission components 
linked to individual-level disease progression models, whereas 
the STDSIM-MISCAN-cervix model consists of MISCAN-
Cervix, a static microsimulation model for disease progression, 
combined with STDSIM, a separate dynamic transmission 
model used to simulate HPV spread. MGH-Cervical uniquely 
integrates HIV transmission and HIV disease progression with 
the HPV natural history and transmission model, and focuses 
on high HIV-prevalence settings. The models also differ in the 
grouping of HPV types and precancer stages, and the inclusion 
of co-factors such as anogenital warts or HIV.

Beyond the CISNET models, other simulation platforms 
have played important roles in cervical cancer elimination stud-
ies. HPV-ADVISE, developed by the Public Health Agency of 
Canada, is an individual-based dynamic transmission model 

designed to simulate HPV infection and cervical cancer nat-
ural history progression. This model has been used to sup-
port HPV vaccination policy decisions in North America and 
has contributed to the CCEMC’s global modeling efforts4,5,25. 
OncoSim-Cervical, led by Canadian Partnership Against Cancer 
and Statistics Canada, is a microsimulation model combining 
HPV transmission and cervical cancer natural history. Applied 
in British Columbia, the model projects that elimination could 
be achieved under scenarios of improved vaccination and HPV-
based screening.

Each modeling approach has distinct features, and no single 
model can answer all questions. Table 1 provides a compa-
rative overview of commonly used cervical cancer models, 
outlining their model structures, major outcomes, challenges, 
and core assumptions. The selection of an appropriate model 
depends on the research objective, availability of local data, 
and target population. Tailoring or adapting models to reflect 
specific national or subnational contexts remains a key direc-
tion for future work.

Bridging the gap between modeling 
and practice

Although modeling studies provide valuable guidance on 
how and when cervical cancer elimination might be achieved, 
translating these insights into real-world effects remains a 
major challenge. Political commitments, social engagement, 
and operational actions are critical to bridge the gap between 
the modeling and the achievement of goals.

Setting ambitious global benchmarks could not only 
strengthen government commitment and prioritization, but 
also attract attention and resource allocation from interna-
tional partners to accelerate progress in low-resource settings. 
From a technical perspective, single-dose HPV vaccination, 
point-of-care HPV DNA testing, a screen-and-treat strategy, 
and HPV self-sampling can expand coverage and decrease dis-
parities, particularly in LMICs.

Furthermore, to translate modeling insights into actiona-
ble strategies, several priority areas warrant further attention, 
including innovative screening approaches, enhanced data 
availability, digital solutions to improve service delivery, and 
robust monitoring systems.

Artificial intelligence (AI) is emerging as a promising 
adjunct in cervical cancer screening. AI-assisted cytology 
shows sensitivity for high-grade lesions comparable to that 
of expert cytologists, while substantially reducing workloads. 
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Similarly, AI-supported colposcopy can improve lesion 
classification and guide biopsy selection, thus enabling less-
experienced providers to approach near-expert performance. 
These innovations might help strengthen screening quality 
and capacity in resource-constrained settings. Beyond screen-
ing, closing data gaps is essential to ensure models’ represent-
ativeness and guide effective interventions. Many LMICs 
face incomplete registries, sparse screening data, and limited 
treatment information that undermine projections. Advances 
such as AI can enhance cancer registries by improving data 
quality and generating more reliable insights. Simultaneously, 
robust monitoring frameworks remain indispensable, with 
population-based registries serving as the cornerstone for 
evaluating intervention effectiveness and adjusting strategies 
in real time. Digital monitoring platforms complement these 
approaches by providing timely vaccination and screening 
data, and, when linked to health information systems, they 
create dynamic feedback loops that both inform immediate 
policy needs and refine modeling inputs. In addition, digital 
tools such as the NHS App in England further demonstrate 
how mobile health applications enhance uptake, streamline 
service delivery, and support patient follow-up, which might 
potentially be adapted to LMIC settings.

Sustained progress toward elimination also depends 
on cross-border collaboration and diversified financing. 
International partners can offer technical and capacity sup-
port to reduce costs. For LMICs, organizations such as Gavi 
have  played a key role in introducing and scaling up vaccines, 
which alleviates resource constraints, and promotes equity and 
ongoing viability.

The Chinese government has already taken meaningful 
steps in response to the modeling evidence, such as expand-
ing free HPV vaccination programs in selected provinces, 
launching the national Action Plan for Accelerating Cervical 
Cancer Elimination (2023–2030), and incorporating cer-
vical cancer control into broader health initiatives. These 
actions reflect the government’s recognition of the impor-
tance of cervical cancer elimination and commitment to 
translating research into policy. However, progress toward 
elimination in China must address considerable regional 
and socioeconomic disparities. Although a national cervical 
cancer screening program has been in place since 2009, and 
HPV vaccination has been pilot tested, coverage remains 
suboptimal and uneven across areas. Strategies that work 
in one setting might not be directly applicable to another. 

Therefore, efforts must be locally adapted, building on exist-
ing infrastructure where available, and laying foundations in 
areas where basic services remain lacking. Including HPV 
vaccination in the NIP is both beneficial and necessary for 
promoting equity. China has developed a relatively robust 
vaccine service infrastructure, including comprehensive 
immunization information systems, well-established cold 
chain network and sufficient healthcare workers trained 
in vaccination services. These strengths place China in a 
favorable position to integrate HPV vaccination into the 
NIP, and expand screening and treatment services across 
diverse regions. In the future, maintaining this momen-
tum requires continued investment, adaptive planning, and 
well-established monitoring systems to track progress and 
ensure accountability.

Conclusions

Modeling has laid a robust foundation for policy decisions 
to achieve cervical cancer elimination. However, successful 
translation into locally tailored, government-led action is 
crucial for meeting this ambitious goal. In China, achieving 
cervical cancer elimination requires sustained commitment to 
equity, evidence-based policy, and coordinated implementa-
tion across all relevant stakeholders.
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