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HIGHLIGHTS

* Pathways-Cervix is a comprehensive approach towards cervical cancer control from prevention to treatment/survivorship.
« The program translates research into action through an implementation process engaging policy-makers and stakeholders.
= Pathways-Cervix will generate the best-value investments or “best buys” in cervical cancer control.

« Priority interventions evaluated were selected by a Scientific Advisory Committee in an Australian context.

« The flexibility of the modelling platform can enable application of this program to other settings.
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Results. Priority evaluations agreed by the SAC included: increasing/decreasing and retaining vaccination up-
take at the current level; vaccinating older women; increasing screening participation; methods for triaging HPV-
positive women; improving the diagnosis of cervical intraepithelial neoplasia (CIN) and cancer; treating cervical
abnormalities and cancer; and vaccinating women treated for CIN2/3 to prevent recurrence. Evaluations will be
performed using a simulation model, Policy1-Cervix previously used to perform policy evaluations in Australia.
Exploratory modelling of interventions using idealised scenarios will initially be conducted in single birth co-

horts. If these have a significant impact on findings then evaluations with more realistic assumptions will be con-
ducted. Promising strategies will be investigated further by multi-cohort simulations predicting health outcomes,

resource use and cost outcomes.

Conclusions. Pathways-Cervix will assess the relative benefits of strategies and treatment options in a system-
atic and health economic framework, producing a list of ‘best buys’ for future decision-making in cervical cancer

control.

© 2018 Published by Elsevier Inc.

1. Introduction

Cervical cancer typically arises after many years of persistent infec-
tion of cervical cells with oncogenic human papillomaviruses (HPV)
[1]. In the pre-vaccination era, nearly all sexually active women were
exposed to HPV infection but most infections are transient or controlled
by the immune system. A fraction of women will develop overt, persis-
tent oncogenic HPV infection, a high percentage of which will then
progress to precancer [2,3]. A high-percentage of precancer will become
invasive cancer if not detected and treated in a timely fashion [4]. Thus,
a substantial number of women will develop cervical cancer if they do
not receive primary (prophylactic HPV vaccination) and/or secondary
(screening for and diagnosis and treatment of precancer) prevention.

In a changing landscape in cervical cancer prevention, diagnosis and
treatment, focusing research efforts and resources in areas that can
make the biggest impact on its outcomes is a challenge. In Australia,
changes have occurred and are continuing to occur in vaccination and
screening practices, as outlined below. It is in this context that “Path-
ways to a cancer-free future” (‘Pathways’) was conceived. Pathways is a
multi-stage program of work that spans the cancer control spectrum,
from prevention to treatment and survivorship. Its aims are to synthe-
sise evidence from the literature and thereby generate evidence from
targeted modelled evaluations of cancer control interventions that can
guide and underpin future research investment and policy implementa-
tion. Pathways will initially be applied to five major cancers in Australia
(cervical, lung, bowel, prostate, and breast cancer). The aim of the cur-
rent article is to outline the design and objectives of Pathways-Cervix
and summarise the protocol for modelled evaluations.

2. Background: cervical cancer prevention strategies in Australia
2.1. Cytology based screening

Australia has among the lowest reported cervical cancer age-
standardised (world) incidence (5.5 cases per 100,000 women) and
mortality rates (1.6 cases per 100,000 women) [5] due to prevention
of cervical cancer through its National Cervical Screening Program
(NCSP). The NCSP was established in 1991 and, prior to December
2017, recommended 2-yearly cervical screening with conventional cy-
tology for sexually active women aged between 18 and 20 years and
69 years. The proportion of eligible women within the target population
participating in the NCSP was 57% over 2 years (2015-2016) and 70%
over 3 years (2014-2016) [6]. Since the implementation of the NCSP, in-
cidence and mortality in the target age group of 20-69 years have
halved; although, rates have now been stable for around a decade
[6,7]. Incidence and mortality are higher, however, in Indigenous
Australians than in non-Indigenous Australians (2.2 times and 3.8
times higher respectively), and in women living in socioeconomically
disadvantaged areas [6].

2.2. HPV vaccination

Further falls in incidence and mortality are also anticipated due to
Australia's publicly-funded National HPV Vaccination Program, which
commenced in 2007. This program delivered mostly three doses of
quadrivalent vaccine, initially as a catch-up program for all females
aged 12-26 years until the end of 2009, then routinely at school to
girls aged 12-13 years until 2013, when vaccination was extended to
boys aged 12-13 years with a 2-year catch-up in boys aged
14-15 years. National 3-dose vaccination coverage reported by the Na-
tional HPV Vaccination Program Register was 78.6% and 72.9% for fe-
males and males, respectively, turning 15 years of age in 2016 [8].
Although the impact of the vaccination program on the incidence of cer-
vical cancer will not be fully realised for a few more decades, substantial
effects on HPV prevalence and cervical pre-cancerous lesions have al-
ready been documented. A sentinel surveillance study in family plan-
ning clinics found a 78% decrease in the prevalence of vaccine-
targeted HPV types in women aged 18-24 years at 4-5 years after the
program started (93% reduction in fully-vaccinated women and 35% in
unvaccinated women, suggesting herd protection) [9]. Updated data,
[10] collected 9 years after the program started now show a reduction
of 92% in 18-24 year olds in vaccine targeted types. Furthermore, falls
in histologically detected high-grade cervical abnormalities of 65%
have been reported nationally in women aged <20 years between
2007 and 2016, with smaller but significant decreases also documented
in older women including 40% in women 20-24 years (2010-2016) and
13% in women aged 25-29 years (2013-2016) [6]. It is expected that
rates of pre-cancerous lesions will fall further as women who were vac-
cinated at school, with higher coverage, age as they go through the
screening program.

2.3. Move to HPV-based screening

Given the impacts of HPV vaccination, developments in HPV assays,
and evidence of greater preventive efficacy of HPV nucleic acid testing
than cytology testing [11-14], the NCSP went through a rigorous review
process from late 2011 until 2014. A systematic review of the interna-
tional literature [15], alongside simulation modelling of effectiveness
and economic assessment of potential new screening strategies in un-
vaccinated cohorts and cohorts offered vaccination, were commissioned
by Australia's Medical Services Advisory Committee (MSAC) [16]. In
April 2014, MSAC recommended 5-yearly screening using primary
HPV testing with partial genotyping and reflex liquid-based cytology
triage for women aged 25 to 69 years followed by an exit test at
70-74 years of age [17]. Starting at age 25 years (vs. 30 years) with pri-
mary HPV screening is feasible in populations with high vaccine uptake
and mature vaccination programs [18]. The recommendations were en-
dorsed by the Australian Health Ministers' Advisory Council in August
2014 and the renewed NCSP implemented on the 1st of December
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2017, supported by detailed clinical management guidelines developed
in 2015-2016 [19].

Compared to the cytology-based NCSP, full implementation of the
renewed NCSP over the long term is predicted to result in cervical can-
cer incidence and mortality reductions of 31% and 36%, respectively, in
unvaccinated cohorts, and reductions of 24% and 29%, respectively, in
cohorts offered vaccination [20]. We have also estimated a reduction
of 13% in the risk of excisional treatment for pre-cancerous lesions in
vaccinated women, potentially leading to fewer pre-term delivery and
low birth weight events [21]. For the first time, in the renewed program,
women 30 years of age or older who have never participated in the
NCSP or who are overdue for cervical screening by over two years will
be eligible for HPV testing of self-collected samples under the supervi-
sion of a healthcare professional [19]. A modelled analysis of the impact
of offering self-collected HPV screening to unscreened and under-
screened women found that even one round of self-sampling at age
30, 40 or 50 years would prevent a significant number of cervical cancer
diagnoses and deaths over the lifetime of these women [7].

2.4. Move to nonavalent HPV vaccination

An additional development that will impact cervical cancer preven-
tion in the long-term is the second-generation nonavalent vaccine
(Gardasil-9; Merck, “HPV9”) which targets the five next most common
oncogenic HPV types (31, 33, 45, 52, and 58) as well as the four most
common oncogenic types, which are in the quadrivalent vaccine. It
has been estimated that the nonavalent vaccine will protect against
HPV types associated with 86.4% of cervical cancers in Australia and
an average of 89.9% of cervical cancers worldwide [22,23]. A systematic
review of the literature has found the nonavalent vaccine to be safe and
effective against vaccine-targeted HPV types and similarly immuno-
genic to the existing HPV vaccines [24]. The nonavalent vaccine is now
in routine use in the National Immunisation Program, with a 2-dose
schedule replacing, from 2018, the 3-dose schedule of the quadrivalent
vaccine in 12-13 year olds in the school based immunisation program
[25,26]. We have estimated that cohorts of women vaccinated with
HPV9 will have a further 10 percentage point reduction in lifetime risk
of cervical cancer diagnosis and death beyond the 42% reduction in diag-
nosis and 39% reduction in death expected in females offered the quad-
rivalent vaccine after transitioning to 5-yearly primary HPV screening
from 2-yearly cytology based screening (assuming the management
recommended in the 2016 clinical guidelines) [27]. Furthermore, an
evaluation of optimal screening strategies in cohorts offered the
nonavalent vaccine found that the lifetime number of recommended
cervical screens in Australia could be further reduced from ten to be-
tween one and four lifetime screens [28].

Given the extent and of promise these changes in Australia's cervical
cancer prevention program, the focus of the Pathways-Cervix program is
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to systematically determine whether further possible changes would be
likely to add materially to those that are now being implemented.

3. Methods and analysis
3.1. Study design

Pathways has three stages, schematically presented in Fig. 1. Stage 1
is to identify possible further changes in prevention, diagnosis and treat-
ment, and then to use modelling to evaluate the changes in health out-
comes they might achieve and their potential cost-effectiveness from an
Australian health services perspective. Stage 2 is a consultative phase,
where national and international experts, organisations, government,
and community representatives, will critically assess the findings of
stage 1 and determine their impact on cervical cancer control, taking
into account broader political and economic issues around change. The
third stage is a decision and investment phase. Its aims are to i) seek pol-
icy implementation, when it is justified, through evidence-based advo-
cacy and direct engagement with policy-makers and other stakeholders
(e.g. government, non-government not for profit agencies and relevant
industries), and (ii) build cooperative relationships in cancer control.

3.2. Scientific Advisory Committee

To guide, critique and validate the work conducted within Pathways,
national cervical cancer experts in epidemiology, relevant clinical speci-
alities, and policy have been invited to join a multi-disciplinary Scien-
tific Advisory Committee (SAC) for Pathways-Cervix. The SAC has
representation from a range of Australian states and territories. The
role of the SAC is i) to provide guidance and input for identifying
potential interventions in cervical cancer control, ii) to review the
findings of evaluations of these interventions and iii) critically assess
their impact in relation to each other. The first SAC meeting was
convened in May 2017. The proposed work plan was presented and
endorsed, and dedicated smaller working groups were established
to pursue follow-up work and detailed modelling, including
members from the advisory committee, systematic reviewers and
microsimulation modellers.

3.3. Simulation Model Platform

We will evaluate potential interventions in Stage 1 using a previ-
ously developed and validated modelling platform, Policy-1 Cervix. It
has several elements (see Fig. 2):

a) Adynamic model of sexual behaviour, HPV transmission and HPV vac-
cination in females and males in the Australian population which
tracks individual people through the course of the infection from its
acquisition to its progression or resolution, and recovery or death;

& 2017 - 2018 - 2019 - 2020 - 2021 -

Stage 1 — CCNSW program of research

Stage 2 Stage 3

Conduct systematic

Think-Tank

with national
Investment

registries

and inter-
national
stakeholders

Opportunities

: Perform scoping

» Sys.tematlc searches of $ | review interventions
§ reviews interventions £ | and meta analysis
S Model E —
o . . .
= Microsimulation | development, E il EEG!
8 i 8| runevaluations& | O | Perform modelled
S modelling = - > evaluations

< o calibration &
§ z :

] Big Data %_ Data analysis of S

“ Compass Trial, o | relevant datasets to 2 Analysis continued
g screening and cancer | 3 inform model °

: £
= c

5 ]
Q ‘S
wv

i 2 Initi ing ?
Implementation ? Initial scoping ?

? Systematic review
and Implementation
projects ?

Pathways-Cervix Final Report

Fig. 1. Diagram of Pathways-Cervix.
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*Input test probability matrices govern screening and diagnostic outcomes for underlying health states; age-specific compliance
assumptions for screening and follow-up management are based on registry data; colposcopy, biopsy and pre-malignancy treatment
accuracy and efficacy are explicitly modelled for each health state; a post-treatment natural history module incorporates the probability
of recurrence based on systematic reviews; from all health states, age-specific rates for other- cause mortality and for hysterectomy for
indications unrelated to cervical cancer are applied.

Fig. 2. Schematic diagram of model platform, Policy-1 Cervix. *Input test probability matrices govern screening and diagnostic outcomes for underlying health states; age-specific
compliance assumptions for screening and follow-up management are based on Australian registry data; colposcopy, biopsy and pre-malignancy treatment accuracy and efficacy are ex-
plicitly modelled for each health state; a post-treatment natural history module incorporates the probability of recurrence based on systematic reviews; from all health states, age-specific
rates for other- cause mortality and for hysterectomy for indications unrelated to cervical cancer are applied.

b) A component which simulates the natural history of cervical HPV in-
fection, progression, regression, the development of cervical
intraepithelial neoplasia (CIN) and invasive cervical cancer;

¢) A model of cervical screening, management, diagnosis and treatment
of CIN, and ‘test-of-cure’ after treatment of high grade CIN;

d) A multiple-cohort implementation model which separately simulates
HPV exposure, CIN development, screening, and all downstream pro-
cesses, for each single year age cohort of females;

e) A population component that applies demographic data to the out-
puts to estimate cross-sectional results in each age group after the im-
plementation of each potential new strategy or intervention.

The model platform incorporates Australian-specific demographic
and health-economic factors; test accuracy; screening compliance; vac-
cination coverage; and screening, diagnosis and treatment-related
costs. Extensive validation of the model has been carried out against a
large range of current screening program outputs and other Australian
data sources [16,29,30]. Policy-1 Cervix has been used previously for a
number of HPV vaccination, cervical screening and screening technol-
ogy evaluations in Australia, New Zealand, England, China and the
USA [27-35]. The dynamic model of HPV transmission and vaccination
is implemented in C++ (Microsoft Visual Studio C++ Community
2013) and the multi-cohort Markov model is implemented using
TreeAge Pro (TreeAge Pro 2014; TreeAge Software, Williamstown, MA,
USA). Further details of the model used in this work and its
parameterisation can be found online [36]. Data sources, calibration,
and validation outcomes, have been described previously [16,27].

3.4. Evaluation processes and analysis

We first performed scoping reviews of the literature to identify po-
tential interventions in cervical cancer prevention, diagnosis and treat-
ment. Evidence from the reviews was presented to the SAC including a
list of proposed modelled evaluations. The SAC provided guidance on

the selected strategies and interventions and recommendations for
full systematic reviews and additional scoping reviews.

A list of agreed intervention evaluations of cervical cancer preven-
tion, diagnosis and treatment was compiled and grouped into two cate-
gories. The first category involved interventions focused on obtaining
maximum impact from existing approaches (Table 1). Idealised scenar-
ios were modelled to evaluate the relative impact of improving vaccina-
tion uptake (e.g. complete coverage), vaccinating older women (>
35 years); increasing screening participation (e.g. perfect on-time atten-
dance, no under-screeners, no never-screeners; perfect attendance for
surveillance); ensuring quality assurance in screening (impact of use
of clinically validated HPV assays); improving the diagnosis of CIN/cer-
vical cancer (e.g. perfect CIN2+ detection, no unsatisfactory colpos-
copy) and treatments for HPV infections, LSIL and HSIL (e.g. modelling
cancer treatments which could increase 5 and 10 year survival by 10%,
50% and 80%). The second category of agreed evaluations involved ex-
ploring the potential of new approaches (Table 2). These included tai-
lored screening based on vaccination history and type of HPV vaccine
received (quadrivalent or nonavalent), alternative triaging methods
(e.g. dual staining with p16 and ki67 or methylation markers for HPV
positive self-collected samples), and using the quadrivalent or
nonavalent HPV vaccine to prevent CIN2/3 recurrence.

For interventions in Table 1, we will perform exploratory modelling
using idealised scenarios in single birth cohorts (cohort size of 100,000
females at age 12) to obtain insight into whether further improvements
could be achieved for a specific type of intervention or whether ‘ceiling
effects’ have already been reached, such that increasing efficacy would
only have a minimal impact on outcomes. When an idealised scenario
is found to have a significant impact on outcomes, further evaluations
will be conducted using more realistic assumptions. Promising strate-
gies will be investigated further by conducting multi-cohort simulations
predicting cross-sectional outcomes. Findings from these analyses will
be reviewed by SAC members and further sensitivity analyses will be
conducted as indicated.
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Table 1:

Priority evaluations for cervical cancer control recommended by the SAC: obtaining maximum impact® from existing approaches.

Evaluation

Approach/broad intervention category?®

Impact of achieving 100% vaccination coverage compared to current vaccination coverage.

Impact of maintaining vaccine coverage in girls and boys at current levels of ~80%.

Impact of vaccinating women aged 35+ with HPV4 or HPV9 compared to no adult vaccination.

Impact of increasing attendance for on-time screening to 100% at five years.
Impact of all women initiating screening by the age of 30 (no unscreened women).

Improving vaccination uptake
Improving vaccination uptake
Vaccinating older women (HPV FASTER)
Increasing screening participation rates
Increasing screening participation rates

Impact of eliminating under-screening (i.e. the proportion of women who have not attended for screening for >7 years). Increasing screening participation rates

Impact of using HPV assays/HPV genotyping assays that are not clinically-validated.

Impact of regular screening using a self-collected samples offered to i) all women and ii) selectively offered to never

screened and under-screened.
Impact of 100% attendance for women under surveillance for a recent abnormality.
Impact of increasing colposcopy attendance rates to 100% when recommended.
Impact of improving colposcopy performance to 100% sensitivity at CIN2+.
Impact of reduction in colposcopy sensitivity by an absolute magnitude of 20%.
Impact of reducing the rate of unsatisfactory colposcopy procedures.

Impact of improving the effectiveness of treatment for cervical pre-cancer while reducing its harms.
Impact of HPV16/18 positive women receiving an alternative treatment for HPV-related infection or disease

(such as a therapeutic HPV vaccine) after cancer is ruled out.

Impact of treatment options for women with CIN2/3 and women with HPV/CIN1 separately.
Impact and threshold costs of a cervical cancer treatment that increases 5 and 10-year survival for each stage

Ensuring quality assurance in screening
Increasing screening participation rates

Improving the diagnosis of CIN and cancer

Improving the diagnosis of CIN and cancer
Improving the diagnosis of CIN and cancer
Improving the diagnosis of CIN and cancer
Improving the diagnosis of CIN and cancer
Improving pre-cancer treatment

Treatment for HPV infections, LSIL (CIN1), HSIL (CIN2/3)

Treatment for HPV infections, LSIL (CIN1), HSIL (CIN2/3)
Cervical cancer treatment and guidelines in Australia

(or a specific stage) by reducing cumulative mortality (1-cumulative survival) by 10%, ii) 50% and iii) 80%.

Impact of improved quality of life in women being treated for cancer on quality-adjusted life-years saved.

Cervical cancer treatment and guidelines in Australia

Abbreviations: CIN2+-: cervical intraepithelial neoplasia grade 2 or higher; HPV4/9: quadrivalent/nonavalent HPV vaccine; HSIL: high-grade squamous intraepithelial lesion; LSIL: low-

grade squamous intraepithelial lesion.

¢ The impact of listed evaluations assessed in terms of health outcomes, resource use and costs.

When evaluating a potential new intervention, we will run a single
birth cohort scenario and compare the outcomes of the intervention
scenario to a base-case current practice scenario (unless otherwise
specified for specific questions). As of December 1st 2017, current prac-
tice in Australia is 5-yearly primary HPV screening (with 16/18
genotyping and LBC triage for non-16/18 oncogenic types) starting at
age 25 with an exit test between ages 70-74. Because the population
has varying levels of exposure to HPV vaccination, evaluations will gen-
erally be stratified into results for an unvaccinated cohort, and results
for a cohort offered vaccination at age 12 (with uptake as observed in
Australia). For scenarios incorporating vaccination, we assume that it
was administered at age 12 in 2018 (the first cohort that will receive
the nonavalent vaccine as part of the National Immunisation Program)
and that completed vaccination (2 doses) is 82.4% in females and
75.5% in males (based on the midpoint between 2- and 3-dose uptake,
to reflect the likely uptake that will occur with 2 doses when they are
spaced as per current dose 1 and 3). When evaluating scenarios for co-
horts offered vaccination, vaccine uptake in earlier birth cohorts (i.e.
those offered either 4vHPV or 9vHPV in earlier years than the modelled
cohort) will also be modelled, so that evaluations for each cohort offered
vaccination will take into account existing indirect/ herd protection due
to previous community level vaccination achieved. For all scenarios, we
assume females are invited to attend for primary HPV screening from

Table 2

age 25 and were not screened under the previous cytology-based
program.

3.5. Primary outcomes

For each scenario, several outcomes will be considered (generally
over the lifetime of 100,000 females who enter the cohort at the age
of 12 years) including i) health outcomes - lifetime risk of cervical can-
cer incidence and mortality and lifetime risk of (at least one) pre-cancer
treatment; ii) resource use - number of colposcopy procedures (includ-
ing colposcopies for those under repeat colposcopy surveillance), treat-
ment procedures, and HPV tests; and iii) health-economic outcomes -
cost-effectiveness and benefit to cost ratio (threshold value for how
much would be beneficial to spend on an intervention for it to remain
cost-effective), life-years, QALYs and cost outcomes. Evaluations will
be conducted from a health services perspective. Where applicable,
costs and life-years over a woman's lifetime (until the age of 85 years)
will be calculated with a 5% discount rate, as per the standard approach
for economic evaluations in Australia. One-way sensitivity analyses and
probabilistic sensitivity analyses will be conducted on selected strate-
gies to assess the effect of changes in selected model parameters on out-
comes. Additional secondary outcomes, for example the impact of HPV

Priority evaluations for cervical cancer control recommended by the SAC: exploring the potential of new approaches.

Evaluation

Approach

Optimal screening regime for unvaccinated women (based on birth cohort) and vaccinated women based on their vaccination Tailored screening based on vaccination status

history and type of vaccine received.

Longer interval screening schedules following two consecutive negative HPV test results within routine screening.

Impact of partial genotyping for oncogenic HPV types other than 16/18 with direct colposcopy referral for select types

compared to cytology triage.

Impact of triaging oncogenic HPV positive (non 16/18 types) women with dual-staining (p16 ki67) cytology, compared to LBC.
Impact of methylation markers in HPV positive self-collected samples testing compared to clinician-collected cytology test.

(HPV4 or HPV9)

Tailored screening based on vaccination and
screening history.

Methods for Triage

Methods for Triage
Methods for Triage

Impact of vaccinating women treated for CIN2/3 with HPV4/HPV9 if the vaccine reduces recurrence by 50% (for pre-existing Vaccine to prevent CIN2/3 recurrence

HPV types) or 80% (naive for HPV types).

Impact of vaccinating women treated for CIN2/3 with HPV4/HPVO if the vaccine prevents or reduces recurrence of CIN2+- after

treatment.

Vaccine to prevent CIN2/3 recurrence

Abbreviations: CIN2+-: cervical intraepithelial neoplasia grade 2 or higher; CIN2/3: cervical intraepithelial neoplasia grade 2 or 3; HPV4/9: quadrivalent/nonavalent HPV vaccine; LBC: lig-

uid-based cytology.
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vaccination on other HPV-related cancers, will be considered at a sec-
ond stage, later in the program.

3.6. Timeframe

Stage 1 of Pathways-Cervix commenced in July 2016. Draft papers for
each evaluation will be presented to the SAC for assessment before ad-
ditional sensitivity analyses are performed. Results of individual evalua-
tions will be submitted for publication in peer-reviewed journals.
Overall, the work in Stage 1 will be conducted in three tranches. The
first will cover evaluations in HPV vaccination and cervical screening.
The second will include evaluations on treatments for HPV infection/
CIN1 and treatments for CIN2/3. In the third tranche evaluations for pri-
ority populations including Aboriginal and Torres Strait Islander and
culturally and linguistically diverse populations will be conducted.

4. Ethics and dissemination

The Pathways-Cervix protocol for modelled evaluations has been
reviewed and approved by the SAC. No human subjects are involved
in this protocol and therefore Human Research Ethics Committee was
not required. No deviations from the protocol will be conducted without
prior review and approval of the relevant working party leads from the
SAC. The findings of the evaluations will be reported in a series of papers
in peer-reviewed journals and presented at national and international
scientific forums.

5. Discussion

The interventions to be evaluated as part of Pathways-Cervix were
identified by the SAC as priority interventions. The SAC identified two
different evaluation types. The first type examines maximum impact
in a particular area by examining a number of aspects in an idealised
way which provides an early indication of the most important priority
areas. The second type involve a more detailed cost-effectiveness anal-
ysis using data from other interventions as carried out in our previous
work in cervical screening [20]. Taking colposcopy as an example area,
we will be exploring interventions such as the impact of 100% colpos-
copy attendance rates which is not achievable in practice. However,
the evaluation can determine whether the impact of this intervention
is substantial and worth pursuing further by identifying barrier and po-
tential interventions that can address them or whether other aspects of
colposcopy are more important.

In the Australian context, standardised colposcopy reporting and
quality assurance are expected to improve outcomes. Quality assurance
in colposcopy will be a new feature of the renewed NCSP after broad
agreement that mandatory submission of colposcopy data is important
for quality control in colposcopy and treatment [37]. Assessing existing
interventions in relation to colposcopy are therefore more likely to have
a larger impact than a new intervention, such as for example dynamic
spectral imaging colposcopy (DSI). DSI has been shown to be more sen-
sitive for identifying CIN2+ lesions when compared to conventional
colposcopy (65% vs 52%) and combining DSI with conventional colpos-
copy is also more sensitive and cost-effective than conventional colpos-
copy alone in the whole weighted population (sensitivity 80% vs 52%)
[38]. As further evidence accumulates over time for new potential inter-
ventions, these will be explored in future work.

Pathways-Cervix has a number of strengths. By modelling the future
impact of interventions across the cancer spectrum, considering a range
of outcomes including health outcomes, cost-effectiveness, harms
through treatments, resource utilisation etc., this program will generate
the probable best-value investments or “best buys” in cervical cancer
control. Scientists and policy-makers can then come together to deter-
mine which interventions should be given priority and how future in-
vestment should be directed. In parallel, findings from this program of
work will also inform policy change through engagement with

government, academia and community partners. The findings may
also identify areas where further research is required - for example
where an improvement would make an important difference, but
there is not yet evidence around how best to achieve it. Furthermore,
cervical cancer rates are already very low in Australia, and thus other
concerns become more pressing, such as avoiding harms through exces-
sive screening and treatment, and wasting energy and resources in
areas which have already attained ‘ceiling’ effects. Identifying these
areas will result in reallocation of resources to more pressing areas of re-
search and reduce harms to women.

The use of simulation modelling is at the core of Phase 1 of Pathways-
Cervix; however, there are additional elements, unrelated to modelling,
that will complement this work by informing parameters of the inte-
grated model. For example, the Compass trial, including the Compass
Pilot [39] and the main Compass trial [40] will provide important sources
of data on many aspects of the new primary HPV screening program (e.g.
HPV-positivity rates; CIN2/3 detection rates; colposcopy referral rates)
which in turn will be used to inform evaluations in prevention and diag-
nosis. Compass is a randomised controlled trial of primary HPV screening
every 5 years versus liquid-based cytology screening every 2.5 years
[40]. The trial is currently underway nationally in Australia and was
set-up as a sentinel experience of the renewed NCSP. Compass-PLUS, a
sub-study of Compass which will be initiated in 2019, will provide infor-
mation on health state preference scores (utilities) used to quantify the
quality of life effects associated with cervical screening and subsequent
triage and diagnostic pathways in addition to other outcomes. Elements
related to informing policy will also be generated from implementation
work focused on the Renewed NCSP, as well as the translation of re-
search through the national Centre of Research Excellent (CRE) in Cervi-
cal Cancer Control, a four-pronged collaborative initiative in cervical
screening, HPV methods, HPV vaccination and global health, funded by
the National Health Medical Research Council of Australia.

The current program presents a unique, comprehensive approach to
innovation in cervical cancer control. There has been some relevant re-
search in the past, but no prior body of work has assessed the relative
benefits of strategies and treatment options across the cervical cancer
spectrum in a systematic and health economic framework, producing
a list of best buys. Although these best buys are applicable to Australia,
which was the first country in the world to implement a publicly-
funded HPV vaccination program, they may be similar for other coun-
tries with well-established cervical screening and similar vaccination
coverage rates. Furthermore, Pathways-Cervix is an iterative program
of work and once population models are available, evaluations can be
performed for specific sub-groups, such as culturally and linguistically
diverse populations and Indigenous populations living in Australia.
Overall, the flexibility of the modelling platform used in Pathways-Cer-
vix allows for changes to be made that can enable the applicability of
this program to any other setting in the future, both for developed and
developing countries.
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