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What is HPV-FRAME?
• HPV-FRAME will be a CONSORT-style itemised checklist 

encapsulating agreed reporting standards for models of HPV 
prevention.

• It’s purpose will be:
 To allow modellers, peer-reviewers, journal editors and policy decision-

makers to understand a model’s strength and weaknesses in relation to a 
specific policy question

 And thus to ensure that models contribute to optimal decision-making. 

• HPV-FRAME is by the HPV modelling community, for the HPV 
modelling community and its stakeholders.

1Simonella L, Canfell K. Development of a quality framework for models of cervical screening and its application to evaluations of the cost-
effectiveness of HPV vaccination in developed countries. Vaccine 2014



• There are existing general frameworks for modelling - e.g. the International 
Society of Pharmacological Outcomes Research (ISPOR) guidelines. These 
provide important and relevant guidance on modelling practice.

• However, HPV-FRAME will be complementary to such initiatives since it will 
address issues specific to HPV.

• Our focus initially is on analyses of effectiveness and/or cost-effectiveness 
of interventions in HPV prevention i.e. analyses designed to inform decision-
making.
 The framework does not consider other types of models for other purposes (e.g. biological models, 

theoretical analyses).

Caro J, Briggs AB, Siebert U, Kuntz KM on Behalf of the ISPOR-SMDM Modeling Good Research Practices Task Force. Modeling
Good Research Practices—Overview: A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-1VALUE IN 
HEALTH 15 (2012) 796 – 803.

What is HPV-FRAME?



• HPV-FRAME is not intended to be prescriptive about modelling 
methods, but it is designed to promote transparency in reporting 
those methods.

• There will be two key components to the framework:
 Reporting of key parameters
 Reporting of key outputs

o A subset of the outputs will have reporting requirements as calibration or validation targets; i.e. 
should be presented against observational data.

 There is an emphasis on reporting being stratified by age and sex.

• The process will include an initial application of the framework on a 
previously published analysis in each section.

What is HPV-FRAME?



Structure of framework: by type of evaluation
Framework Section Lead coordinator

General principles for models of universal HPV vaccination in females and/or 
males

Mark Jit/Marc Brisson

Additional issues for models of targeted HPV vaccination in MSM Mark Jit/Marc Brisson

Models of alternative vaccine types and reduced-dose schedules Jane Kim

General principles for models of cervical screening Shalini Kulasingam

Models of integrated cervical screening and vaccination approaches Hans Berkhof

HPV-FASTER evaluations Karen Canfell

HPV prevention in populations with high prevalence of HIV Ruanne Barnabas

Additional issues for models of HPV prevention in low and middle income 
countries

Jane Kim



Canfell K, Chesson H, Kulasingam S, Berkhof H, Diaz M and Kim J, Modeling Preventative Strategies 
against Human Papillomavirus-Related Disease in Developed Countries, Vaccine 2012.

HPV models



Development process for HPV-FRAME is 
informed by an established process

Moher D et al., PLoS Medicine 2010



Five step development process
Steps Actions Timeframe

1. Initial steps Identify the need for a guideline
Review the literature
• The need for a framework was identified via a comprehensive review of the HPV 

modelling literature conducted for the 2010 Vaccine Monograph.

2012-2013

2. Pre-meeting 
activities

Identify participants
• HPV-FRAME information sessions held at HPV2014, Seattle and EUROGIN 2015, 

Seville and HPV2015 Lisbon
• Interested parties asked to sign up to mailing list
• Website has been established and mailing list has been kept informed 
Generate a list of items for consideration at the meeting
• HPV-FRAME coodinators held a workshop at HPV2015 Lisbon, to decide upon the 

structure of the framework
• Abstracts summarising the scope of each section were posted on website.

2014-2015

2015-2016

3. Meeting Presentation of draft framework
• Dedicated HPV-FRAME session at EUROGIN 2015
• Initial input from attendees.

2016 (this 
meeting)



Five step development process
Steps Actions Timeframe

4.Post-
meeting 
activities

Prepare for publication
• Coordinators will draft manuscript based 

on presentations at EUROGIN2016
• Circulate for comment to mailing list 

(November 2016)
• Submit to JPVR (December 2016)
Launch at HPV2017, Capetown
• Present final framework
• Present dissemination strategy

2016-2017

5. Post-
publication
activities

Dissemination
• Inform journal editors (JPVR, Vaccine)
Review framework every 2-3 years
• Set up capacity for comments/input for 

next revision (via website)

2017-ongoing



HPV-FRAME website

www.HPV-FRAME.org

Sign up to be part of 
the consultation 
process at:



Draft framework: 
General Principles for Models of Universal HPV 

Vaccination in Females and/or Males and Selective 
Vaccination of Men who have Sex with Men
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Introduction
11 systematic reviews of 

modelling/cost-
effectiveness analysis of 

HPV vaccination 
programmes [1-11]

2 published 
guidelines about 
models of HPV 

vaccination [12,13]

2 published 
guidelines about 

models of 
vaccination in 

general [14,15]

Extracted key conclusions 
about model results

Extracted key 
recommendations about 

methodology

Draft reporting 
requirements

(1) Brisson M et al. Public Health Genomics 2009;12:343–51. (2) 
Marra F et al. Pharmacoeconomics 2009;27:127–47. (3) Seto K et 
al. Drugs 2012;72:715–43. (4) Newall AT et al. Lancet Infect Dis 
2007;7:289. (5) Kim JJ et al. Vaccine 2008; 26 Suppl 1:K76-76. 
doi:10.2165/11599470-000000000-00000. (6) Fesenfeld M et al. 
Vaccine 2013;31:3786–804. doi:10.1016/j.vaccine.2013.06.060. (7) 
Ben Hadj Yahia M-B et al. Clin Drug Investig 2015;35:471–85. (8) 
Insinga RP et al. Expert Rev Vaccines 2008;7:895–913. (9) Puig-
Junoy J et al. Prev Med 2009;48:444–8. (10) Jit M et al.  BMC Med 
2011; 9:54. (11) Jiang Y et al. Hum Vaccin Immunother
2013;9:2285–95. (12) Jit et al. BMC Med 2013; 11:23. (13) Craig et 
al. Clin Ther 2010; 32:1546-64. (14) Walker et al. Vaccine 2010; 
28:2356-9. (15) Ultsch B et al. Pharmacoeconomics 2016; 34:227-
44.



Background literature: systematic reviews

• Vaccinating girls prior to sexual debut is likely to be cost-effective at list prices for vaccines and commonly 
used cost-effectiveness criteria [1-6,10].

• One possible exception is in middle-income countries with high vaccine prices; if lower prices are not 
negotiated then improving screening coverage may be more cost-effective than vaccination [6].

• Extending vaccination to males is unlikely to be cost-effective unless prices are extremely low and/or overall 
vaccine uptake is low [2,3,4,7,11], 

• Cost-effectiveness of catch-up campaigns is variable and depends on the age distribution of sexual 
partnerships, vaccine price, uptake and the threshold for cost-effectiveness [5].

• Key drivers of uncertainty in results are vaccine duration [1,8,10], natural immunity duration [8], model type 
(static/dynamic) [2,4], vaccine effectiveness [4], comparators (screening/no screening [4,6,9], vaccine price 
[6,9], discount rate [10] and HPV prevalence [10].

(1) Brisson M et al. Public Health Genomics 2009;12:343–51. (2) Marra F et al. Pharmacoeconomics 2009;27:127–47. (3) Seto K et al. Drugs 2012;72:715–43. (4) Newall AT et al. Lancet 
Infect Dis 2007;7:289. (5) Kim JJ et al. Vaccine 2008; 26 Suppl 1:K76-76. doi:10.2165/11599470-000000000-00000. (6) Fesenfeld M et al. Vaccine 2013;31:3786–804. 
doi:10.1016/j.vaccine.2013.06.060. (7) Ben Hadj Yahia M-B et al. Clin Drug Investig 2015;35:471–85. (8) Insinga RP et al. Expert Rev Vaccines 2008;7:895–913. (9) Puig-Junoy J et al. Prev
Med 2009;48:444–8. (10) Jit M et al.  BMC Med 2011; 9:54. (11) Jiang Y et al. Hum Vaccin Immunother 2013;9:2285–95.



Background literature: guideline papers

• The type and scope of the economic evaluation should fit the requirements of the decision maker [12,14].
• Guidelines for health technology appraisal in general should be followed [15].
• Dynamic models should be used unless it can be demonstrated that herd effects are unimportant [12-15].
• Publications should include: results stratified by subgroup (eg. age), health outcomes in natural units, 

intermediate outcomes (like pre-cancerous lesions) and mixing assumptions [13,14].
• Goodness of fit to data should be shown were appropriate [13].
• Sensitivity analysis (ideally probabilistic) should be used [12-15], and should include the discount rate [14].
• All HPV-related diseases that are relevant should ideally be incorporated [13].

(12) Jit et al. BMC Med 2013; 11:23. (13) Craig et al. Clin Ther 2010; 32:1546-64. (14) Walker et al. Vaccine 2010; 28:2356-9. (15) Ultsch B et al. Pharmacoeconomics 2016; 34:227-44.



Conclusions [DRAFT]
Decision problem

• Models and cost-effectiveness analyses are usually policy-facing studies. They need to explicitly describe what decision 
making process they are written to inform, and justify their approach (eg. range of options to consider, type of economic 
evaluation if any, methodological parameters like perspective) based on this.

• If there are more than two options, a full incremental analysis should be conducted.
• National and international guidelines for economic evaluation in general, and for vaccines (where available) should 

generally be followed; any deviations should be justified.

Type of model

• Choice of model should be determined by best practice guidelines. In particular, static models should ONLY be used when 
the following circumstances hold:
• A conservative (i.e. under-estimated) measure of impact or value for money is sufficient, i.e. a static model can only 

establish that an intervention is cost-effective and rule it out.
• There is no comparison between multiple interventions with herd effects (eg. catch-up vs no catch-up, gender neutral 

vs. female-only, 3-dose vs. 2-dose, 9-valent vs. 2-valent).



Micro-
simulation

Transmission 
dynamic 
model

Static natural history 
model

Proportionate outcomes 
model

Increasing 
complexity and 

data 
requirements

Example policy questions Data requirements

Complex vaccination, screening 
or combined options
Exploring sub-groups

Individual matched data 
on HPV prevalence and 

screening outcomes

Gender-neutral vaccination
Catch-up (HPV-FASTER)

Reduced dose schedules
Sexual behaviour

Cervical screening without 
vaccination

HPV prevalence
Screening outcomes

Routine vaccination of girls 
prior to sexual debut

Cervical cancer incidence 
and mortality

+

+

+



Conclusions [DRAFT]
Outcomes

• Disaggregated outcomes by time and age (without discounting) should be shown at a minimum for the base case (in an 
appendix if necessary). Outcomes should include main disease outcomes in natural units (eg. cancer cases), intermediate 
endpoints if modelled (eg. HPV prevalence, pre-cancer stages) and economic outcomes (eg. costs, QALYs/DALYs).

Uncertainty

• Probabilistic sensitivity analysis or at a minimum best/worst case analysis should be presented as univariate sensitivity 
analysis does not take into account the total effect of a combination of uncertain parameters. 

• The choice of distributions for PSA or prior distributions for Bayesian fitting algorithms is inherently subjective so it is not
possible to give detailed recipes, but it should not violate best practice guidelines without justification (eg. Briggs).

Calibration

• If any parameters were fitted to data, then both graphical (eg. model outputs compared to data points) and numerical (eg. 
deviance, AIC) measures of goodness of fit should be presented. If Bayesian methods were used then the posterior 
distributions of fitted parameters should be well-described.



A few key questions to consider [DRAFT]
• Should outcomes (infection and disease) be stratified by HPV type? If so, what should be the breakdown 

eg. 16+18/others, 16/18/others, 16/18/31/33/45/52/58?

• How realistic should the representation of vaccine uptake be? Should uptake by stratified by age 
(years/months/weeks?), dose, delivery strategy etc.

• Should both sexes be included in the model or just one?

• Should vaccine efficacy be stratified by age of vaccinee, gender, dose, dose separation, HPV type, 
infection/disease endpoint etc.? How should different dimensions of efficacy (take, duration) be 
represented?

• In natural history models, what kind of states should represent progression to disease – cytological, 
histological, virological or molecular? 

• In an economic model, how should costs be estimated – top-down or bottom-up, opportunity or transfer 
costs, costs from the patient, payer, provider or societal perspective? 

• What disease endpoints should be captured? (cancer, pre-cancer, warts, RRPs etc.)

Answers to these questions need to be driven by the decision problem – the final recommendations will 
provide detailed guidelines.



Example of parameters that should be reported 
by a  cost-effectiveness model of vaccination to 
inform vaccine procurement decisions [DRAFT]

• Uptake by dose, age, sex

• Efficacy by dose, age, type

• Duration and waning assumptions

• Cost per dose

• Delivery mechanism



Framework
Minimum reporting standards, key parameters

Parameter Report by Age? 
(Y/N)

Report by sex?
(Both-sex, F-only, M-
only)

Comments



Framework:
Minimum reporting standards: Model outputs

Output Report by 
Age? (Y/N)

Report by sex?
(Both-sex, F-
only, M-only)

Report as calibration
or validation target? 
(Y/N)

Comments

* Minimum calibration or validation target set for these evaluations, but other additional targets may be used.



Additional guidelines for vaccination of MSM
[DRAFT]

• Models considering the incremental benefit of universal male vaccination in addition to universal female vaccination 
should ideally take into account the limited herd protection that MSM receive from female vaccination.

• Models of selective MSM vaccination should consider the route by which vaccines can be delivered to this group, and the 
implications in terms of vaccine coverage by age.



Draft framework: 
Additional Guidelines for Models of 

Alternative HPV Vaccines and 
Reduced-Dose Schedules

Presented by Jane J. Kim
No Conflicts to Disclose



Introduction

 With the availability of alternative HPV vaccines and increasing 
promise of reduce-dose schedules, model-based analyses have 
emerged to address these questions.

 These analyses are subject to the same rigorous reporting 
guidelines as specified in the general framework.

 This talk will present additional draft HPV-FRAME reporting 
guidelines for comparative evaluations of different vaccine types 
and reduced-dose schedules.



Background literature
 Summary of evaluations performed to date:

 HPV2 versus HPV4

 HPV2/HPV4 versus HPV9

 1-dose versus 2-dose versus 3-dose

 Summary of key findings and insights from work to date:
 Cost threshold for HPV4 (versus HPV2) up to $50 per dose [1, 2]

 Cost threshold for HPV9 (versus HPV2/HPV4) is ~$13 per dose [3]; ~$3 per 
dose in LMIC [4]

 Lower doses can be more cost-effective than 3-dose regimen but depends on 
assumptions regarding vaccine protection ~more 10-20 years [5, 6]

(1) Jit et al. BMJ 2011; (2) Demarteau et al., Value in Health 2012; (3) Brisson et al, JNCI 2015; (4) Kiatpongsan and Kim, PLOS One 2014; (5) Jit et al. BMJ 
2015; (6) Jit et al., Lancet Oncol 2016.



 Vaccine cross-protection:  level and duration of protection by type

 Health conditions included

 Cost per dose, cost per vaccinated individual

 Differential uptake

Framework
Minimum reporting standards: Alternative vaccine types



 Vaccine efficacy:  level and duration of protection by dose, type, age
 Waning assumptions

 Vaccine cross-protection:  level and duration of protection by dose, 
type, age

 Target population:  age group(s), female/male

 Timing between doses (for 2-dose regimen)

 Cost per dose, cost per vaccinated individual

 Differential uptake and scalability

Framework
Minimum reporting standards: Reduced-dose schedule



Conclusions

 There is still a large amount of uncertainty regarding the relative 
properties among the different vaccines and with reduced dosages.

 As data emerge, model-based analyses must integrate the evidence 
to stay up-to-date and provide timely input to decision making.

 Analysts must be transparent about modelling assumptions in order 
to facilitate proper interpretation of results, assessment of quality, 
and comparisons across studies.



Draft framework: General principles for 
models of cervical screening 

Shalini Kulasingam, PhD

University of Minnesota, USA



Background/Objective

• Large number of models that examine the use of cytology and HPV 
DNA tests for screening in both vaccinated and unvaccinated 
populations.

• Key  areas to consider are as follows:
• Natural history

• Screening algorithms

• Surveillance, Treatment and Post Treatment algorithms

• Test characteristics



Natural History

• Broken out by type or collapsed across type?

• Natural history assumptions - normal, CIN and cancer

• Variation in natural history by age

• Hysterectomy

• Source of data for natural history 

• Justification for calibration targets



Screening Algorithms

• Usually based on recommendations
• Age to begin and end screening

• Screening interval for those with normal results

• Triage options for those with abnormal results

• Threshold for treatment

• Conditions for return to routine screening

• Screening adherence



Test Characteristics

• HPV and cytology test characteristics
• Trials or meta-analyses

• Cutpoint(s)

• Range

• Relative or absolute estimates

• For cytology, further break down by cytology results (ASC-US, ASC-H, LSIL, 
HSIL, CA)

• Same set of estimates or different for surveillance and post–treatment?

• Colposcopy and biopsy
• Gold or sullied standard



Treatment Options

• Which treatment options are modeled?
• Efficacy of treatment

• Post treatment surveillance

• Natural history after treatment

• Cancer Treatment and survival



Other

• Costs and utilities

• Outcomes modeled

• Uncertainty 

• Comparison to other studies

• Average, vaccinated, HIV+, MSM



Recommendations

• Report natural history assumptions, data and calibration targets

• Report screening, triage, surveillance, and treatment algorithms
• Report calibration with screening turned on

• Report comparisons to other models answering a similar question as 
a form of external validation



Draft framework: 
General Principles for Models of HPV Vaccination 

and screening
Presented by Johannes Berkhof



Introduction

- Vaccinated cohorts enter screening ages between 2015-2025 in the 
different countries

- CIN2+ risk in vaccinated cohorts will gradually decrease because of 
herd effects, new vaccines, and a likely increase in vaccine uptake in 
the future. This process is expected to take at least a few decades.

- Prospective studies alone do not provide sufficient guidance to policy 
makers.

- Integrated vaccination-screening models will be needed to inform 
about long-term effects, cost-utility and the need to maintain 
screening



Background literature
• Summary of model-based evaluations performed to date: very few 

screening evaluations have been conducted for vaccinated  women 
(light blue) 



Background literature
• Quick Pubmed search on cost-effectiveness evaluations
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HPV screening

Number of publications per calendar year

Cost-effectiveness HPV vaccination

Cost-effectiveness HPV 
vaccination + screening



Background literature

- Screening below the age of 25 in vaccinated cohorts is unlikely to be 
cost-effective [1-5].

- Primary HPV screening and a screening interval of at least 5 years is 
likely to be cost-effective for cohorts vaccinated with 2v/4v HPV 
vaccine [1-5].

- Cytology should not be considered as a primary test as its quality is 
expected to be poor if the disease incidence is low [6].

- Non-vaccine type lesions are associated with a  low recurrent disease 
rate [7].

1. Goldhaber-Fiebert et al. JNCI 2008. 2. Coupe et al. Vaccine 2009. 3. Diaz et al. 2010, 4.Naber et al. 2016 5.Lew et al. Plos
One 2016. 6.El-Zein et al. JVC 2016. 7. Gok et al. Gyn Oncol 2007.



Framework
Minimum reporting standards, key parameters

Parameter Report by Age? 
(Y/N)

Report by sex?
(Both-sex, F-
only, M-only)

Comments

HPV type progression rates Y F Detail depends on vaccine used. A separate arm 
for HPV16 and/or HPV18 is required. A separate 
arm for HPV31/33/45/52/58 is only required when 
evaluating screening in  cohort vaccinated with 9v 
vaccine.

HPV type re-infection rate 
after HPV clearance

Y F

Association vaccination-
screening uptake

N F



Framework
Minimum reporting standards, key parameters

Parameter Report by Age? 
(Y/N)

Report by sex?
(Both-sex, F-
only, M-only)

Comments

Opportunistic and organized 
screening rates

Y F

Screening test(s) accuracies in 
HPV vaccine-type negative 
lesions

N

Colposcopy accuracy in HPV 
vaccine-type negative lesions

N F

Recurrence rates after 
treatment of HPV vaccine-
type negative CIN2/3

N F



Framework:
Minimum reporting standards: Model outputs

Output Report by 
Age? (Y/N)

Report by sex?
(Both-sex, F-only, 
M-only)

Report as 
calibration or 
validation 
target? (Y/N)

Comments

PPV primary screening 
test for detection of CIN2, 
CIN3 and cancer 

Y F PPV will strongly decline in vaccinated 
cohorts. Therefore, it needs to be 
reported.

PPV triage test(s) for 
detection of CIN2, CIN3 
and cancer

Y F

Cost of running screening 
program

Cost of monitoring 
screening program



Framework:
Minimum reporting standards: Model outputs

Output Report 
by Age? 
(Y/N)

Report by 
sex?
(Both-sex, 
F-only, M-
only)

Report as 
calibration or 
validation target? 
(Y/N)

Comments

Maintenance cost of screening and 
vaccination registry

Y F

Disutility positive screen in a vaccinated 
woman

N F

Cost-utility estimates under several  
vaccine protection durations

N F



Conclusions
The integrated vaccination and screening setting has some specific 
issues:

- Lesions detected by screening will be mostly vaccine-type negative 
(provided that vaccine uptake is good). This will influence the 
performance of the screening tests and this should be reported in 
addition to cost-utility estimates.

- Screening intervals in cohorts offered broad-spectrum vaccination will 
be much longer than in unvaccinated cohorts. The ratio fixed-variable 
costs of running a program will therefore change.



Draft framework: 
HPV FASTER evaluations

Presented by Karen Canfell1,2,3

1. Cancer Research Division, Cancer Council NSW, Australia

2. School of Public Health, University of Sydney, Australia

3. Prince of Wales Clinical School, The University of New South Wales, Australia

EUROGIN 2016, Scientific Session SS15

June 18th 2016



Introduction
• HPV FASTER is a general term for the concept of vaccinating a larger 

segment of the population than has previously been routinely performed, 
with a focus on vaccinating up to older ages.1

• For the purposes of this framework, two sub-categories of HPV FASTER will 
be defined:

1. Untargeted vaccination of females and/or males to older ages
 Similar in concept to an ‘extended catch-up’

2. Targeted strategies in HPV-negative individuals (or those who are negative only for 
particular HPV types e.g. HPV16)
 This could be done by integrating vaccination with HPV-based cervical screening

o Vaccinate only HPV negatives after screening and discharge, refer and manage positives.
 Has potential to improve cost-effectiveness via targeting the population offered vaccination 

to those most likely to benefit (i.e. not previously exposed)
 This concept is sometimes called ‘screen-and-vaccinate.’2

1Bosch FX, et al.. Nat Rev Clin Oncol. 2016 ; 2Canfell K BMJ 2015.



Background: Vaccine efficacy to 45 years in females
• Four-year follow-up data are available from trials

• A trial of quadrivalent vaccine (HPV4) in 3819 women aged 24-45 years with no history 
of cervical disease or genital warts in the past 5 years found:1

 Vaccine efficacy against the combined incidence of persistent HPV infection and CIN (any grade) related to 
HPV16/18 in the per protocol population was 86.0% (64.0-95.7%) in 24-34 years and 81.8% (36.3-96.6%) in 35-45 
years

 Vaccine efficacy against the same outcome in the TVC was 39.4% (16.0-56.9%) in 24-34 years and 43.9% (13.4-
64.1%) in 35-45 years

 Vaccine efficacy against CIN2+ in the TVC was 22.4% (not significant).

 A trial of bivalent vaccine (HPV2) in 5752 women aged 26-45 years found:2

 Vaccine efficacy against the combined incidence of persistent HPV infection and CIN (any grade) related to 
HPV16/18 in the per protocol population was 83.5% (45.0-96.8%) in 26-35 years and 77.2% (2.8-96.9%) in 36-45 
years

 Vaccine efficacy against the same outcome in the TVC was 35·4% (5·8 to 56·1) in 26-35 years and 53·4% (15·7 to 
75·2) in 36-45 years

 Vaccine efficacy against CIN2+ in the TVC was 29·1% (not significant)

1Castellsague, X., et al.. British Journal of Cancer 105.1 (2011): 28-37. 
2Skinner, S. Rachel, et al. Lancet 384.9961 (2015): 2213-2227.



Example algorithm 
for screen-and-
vaccinate
(Low and middle income 
countries)

HPV screening in 
women 30-45 years

HPV positive
?Triage via genotyping, VIA, 

new technologies 

HPV negative

Vaccinate See-and-

treat or 

diagnostic 

referral

Don’t offer 

vaccination

Triage positive Triage negative

Follow-up or 
discharge, 

depending on 
setting 

Permanently 

discharge from 

screening
Don’t offer 
vaccination



Work to date
• Very little direct work on modelling HPV FASTER has been performed thus far.

• However, the original evaluations of female HPV vaccination in relation to the optimal 
age of catch-up are very relevant to evaluations of untargeted vaccination to older ages.

• One important lesson learned from this prior literature is the need to perform 
comprehensive incremental evaluation of adding each additional year to the target age 
group.1

 Some of the original catch-up vaccination modelling literature was difficult to interpret because a 
wide age range of vaccination was modelled 

 This averaged out the costs and benefits across ages and the specific age at which catch-up 
became cost-ineffective was not apparent.

• Evaluation will need to be done separately for females and males, since:
Cost-effectiveness in males differs from females (given lower overall disease burden); 1 and
Cost-effectiveness depends on herd immunity from established vaccination programs in females.

1Canfell K et al. Modelling HPV Prevention in Developed Countries. Vaccine 2012.



Key considerations
• A previous review of the literature in relation to modelling catch-up 

noted that:1

• “The validity of the conclusions about catch-up vaccination and vaccination of older 
women depends on assumptions made about exposure of each of the age cohorts to 
type-specific HPV infection, since vaccination against a particular HPV type has only 
been shown to be effective in women who are HPV DNA negative for that type. 

• “Furthermore, appropriate modelling of naturally-acquired immunity to infection 
strongly impacts the calculation of vaccine effectiveness in catch-up cohorts; if 
naturally-acquired immunity is not included in the model, then catch-up vaccination 
appears more cost-effective.

• “As the mechanisms of natural immunity are becoming better understood, models 
will need to be revised to adequately capture the interactions of vaccine-induced 
protection and naturally-acquired immunity. 

• “In the meantime, well-calibrated dynamic models should be equipped to simulate 
and explore various assumptions around naturally-acquired HPV infection, especially 
when addressing the differential effects of catch-up vaccination.”

1Canfell K et al. Modelling HPV Prevention in Developed Countries. Vaccine 2012.



Example model validation: Simulating the vaccine trials 
(HPV2 and HPV4 in women to 45 years)

% reduction in HPV/CIN1/CIN2 in vaccinated 
women who were DNA negative and 

seronegative for vaccine-included types at 
baseline, compared to unvaccinated women

% reduction in HPV/CIN1/CIN2 in vaccinated 
women regardless of HPV or serostatus at 

baseline, compared to unvaccinated women

6-month persistent 
infection and CIN1+ due 
to vaccine-included types

CIN2+ (all ages) due 
to vaccine-included 
types

6-month persistent 
infection and CIN1+due to 
vaccine-included types

CIN2+ (all ages) due to 
vaccine-included 
types

Bivalent 
vaccine trial1

26-35 83.5% (45-96.8%)

100% (-100-100%)

35·4% (5·8 to 56·1)

29·1% (–22·5 to 59·6)36-45 77.2% (2.8-96.9%) 53·4% (15·7 to 75·2)

Quadrivalent 
vaccine trial2

24-34 86% (64-95.7%)

83.4% (-36.7-99.6%)

39.4% (16-56.9%)

22.4% (–42·5 to 58·3)35-45 81.8% (36.3-96.6%) 43.9% (13.4-64.1%)

Model 
predictions

26-35 83.5%
85%

28%
17%36-45 84.1% 40%

1Skinner, S. Rachel, et al. "Efficacy, safety, and immunogenicity of the human papillomavirus 16/18 AS04-adjuvanted vaccine in women older than 25 years: 4-year interim follow-up of the phase 3, 
double-blind, randomised controlled VIVIANE study." The Lancet 384.9961 (2015): 2213-2227. 1Castellsague, X., et al. "End-of-study safety, immunogenicity, and efficacy of quadrivalent HPV (types 
6, 11, 16, 18) recombinant vaccine in adult women 24–45 years of age." British Journal of Cancer 105.1 (2011): 28-37.

Assumes efficacy against persistent infection 85%; assumed women attended annual cytological screening with ~90% 
attendance

1Simms K et al. Presented at EUROGIN 2016 
(HPV FASTER session)



Framework: Key parameters
Parameter
NATURAL HISTORY

Report By? Report by sex?

Transition from HPV infection to high 
grade precancer

Report by age or by time since infection and HPV type
[comment on whether progression rates change 

according to time since HPV infection or by age]

As appropriate to 
evaluation

Regression from high grade to low grade 
disease/productive HPV infection

Report by age or by time since infection and HPV type As appropriate to 
evaluation

Rate of clearance of HPV infection Report by age or by time since infection and HPV type As appropriate to 
evaluation

Rate of loss of naturally acquired 
immunity

Report by age or by time since infection and HPV type As appropriate to 
evaluation

Simulation of latency by HPV type
(handling of apparently new infections in 

older women – is the possibility that 
some are reactivated latent infection 
explored in sensitivity analysis?)

Report proportional reduction in true HPV incidence, by 
age or time since infection and HPV type.

As appropriate to 
evaluation



Framework: Key parameters
Parameter
VACCINATION

Report By? Report by sex?

Vaccination effectiveness against 
included types in naïve individuals

Report by age at vaccination, sex and HPV type
[evidence from trials suggests lower in older women]

As appropriate to 
evaluation

All other vaccination parameters recommended for evaluations of universal 
vaccination should also be reported.



Framework: Key outputs
Output Report by Age? 

(Y/N)
Report by sex?
(Both-sex, F-only, 
M-only)

Report as calibration or 
validation target?* (Y/N)

HPV prevalence, pre-
intervention

Y As appropriate to 
evaluation

Y*

Absolute reductions in HPV 
infections post-vaccination

Y As appropriate to 
evaluation

Y*

Absolute reductions in 
CIN2+ post-vaccination

Y As appropriate to 
evaluation

Suggested comparison to trial 
data

Absolute reductions in 
invasive cancer post-
vaccination

Y As appropriate to 
evaluation

Y*

* Minimum calibration or validation target set for these evaluations, but other additional targets may be used.



Conclusions
• For HPV-FASTER evaluations it will be critical to understand a 

model’s assumption around the possibility of new infection 
in older individuals progressing, naturally-acquired immunity, 
and latency.

• These assumptions will profoundly impact the modelled 
simulation of vaccine impact if administered at older ages, 
and hence impact cost-effectiveness.
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Introduction

 Questions regarding the comparative and cost-effectiveness of HPV 
prevention strategies are most pressing in low- and middle-income 
countries (LMIC) where the burden of HPV-related disease is 
greatest; has motivated a growing number of model-based analyses.

 These analyses are subject to the same rigorous reporting 
guidelines as specified in the general framework.

 This talk will present additional draft HPV-FRAME reporting 
guidelines for evaluations of HPV prevention in LMIC.



Background literature
 Summary of evaluations performed to date:

 Cervical cancer screening strategies
 HPV vaccination alone
 HPV vaccination plus screening

 Summary of key findings and insights from work to date:
 Screening 1-3 times per lifetime between the ages of 30-50 found to be cost-

effective in many LMIC evaluated; HPV testing favored over cytology, VIA [1-3]
 HPV vaccination of pre-adolescent girls with HPV2/4/9 likely to be cost-

effective in LMIC at low (e.g., GAVI, PAHO Revolving Fund) vaccine prices; 
opportunities to pair with some screening in adulthood also promising in 
some countries [4-19]

(1) Goldie et al, NEJM 2001; (2) Campos et al, IJC 2015; (3) Campos et al, Papillomavirus Res 2015; (4) Sue et al, Vaccine 2007; (5) Kim et al, BJC 2007; (6) Kim et al, Vaccine 2008; (7) 
Goldie et al, Vaccine 2008a; (8) Goldie et al, Vaccine 2008b; (9) Goldie et al, Rev Panam Salud Publica 2012; (10) Diaz et al., BJC 2008; (11) Sharma et al. BJOG 2012; (12) Campos et al. 
IJC 2012; (13) Kiatpongsan et al, PLOS One 2014; (14) Kim et al, Vaccine 2013a; (15) Kim et al, Vaccine 2013b; (16) Berkhof et al, Vaccine 2013; (17) Jit et al., Lancet Glob Health 
2014;(18) Levin et al Vaccine 2015; (19) Sharma et al, BJOG 2016.



 Target populations:  age(s), female/male

 Important co-morbidities (e.g., HIV)

 Status quo practice

 Feasibility of implementation and sustainability

 Delivery mechanism (e.g., school- versus clinic-based; campaigns)

 Costs: currency and year; methods for inflation adjustment and 
currency conversion (e.g., PPP, tradeable versus non-tradeable)

 Willingness-to-pay threshold (e.g., GDP per capita)

Framework
Minimum reporting standards:  Key Inputs, Assumptions



Conclusions

 There is still a large amount of uncertainty regarding the burden of 
disease, feasibility and impact of health interventions, and costs in 
LMIC.

 As data emerge, model-based analyses must integrate the evidence 
to stay up-to-date and provide timely input to decision making.

 Analysts must be transparent about modelling assumptions in order 
to facilitate proper interpretation of results, assessment of quality, 
and comparisons across studies.


