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HIGHLIGHTS

* Transitioning from cytology to primary HPV cervical screening could avert 149 cancer cases and 45 deaths by 2035.
 Annual primary test volumes will decrease following programme transition, fluctuating with the 5-year screening interval.
» NCSP costs are predicted to reduce by 16% by 2035 due to the effect of HPV vaccination and primary HPV screening.

* Colposcopy referrals following a primary test are predicted to reduce from 2.7% to 2.2% by 2035.

* Findings from this study will be important for planning and communication around the program transition.

ARTICLE INFO ABSTRACT
Artic{e history: Background. In response to emergent evidence, many countries are transitioning from cytology-based to HPV
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New Zealand.

Methods. An extensively validated model of HPV transmission, vaccination, natural history and cervical
screening (‘Policy1-Cervix’) was utilised to simulate a transition from three-yearly cytology for women
20-69 years to five-yearly HPV screening with 16/18 genotyping for women 25-69 years, accounting for popu-

Keywords:

Cervical screening lation growth and the impact of HPV immunisation. Cervical cancer rates, resources use (test volumes), costs, and
HPV vaccination test positivity rates from 2015 to 2035 were estimated.

HPV testing Findings. By 2035, the transition to HPV screening will result in declines in cervical cancer incidence and mor-
Cytology tality rates by 32% and 25%, respectively, compared to 2018. A potentially detectable 5% increase in cervical can-
Cervical cancer cer incidence due to earlier detection is predicted for the year of transition. Annual numbers of women screened

will fluctuate with the five-year screening interval. Cytology volumes will reduce by over 80% but colposcopy vol-
umes will be similar to pre-transition rates, and program costs will be reduced by 16%. A 9% HPV test positivity
rate is expected in the first round of HPV screening (2019-2023), with 2.7% of women referred for colposcopy.
Transitioning from cytology to primary HPV cervical screening could avert 149 cancer cases and 45 deaths by
2035.

Conclusion. Primary HPV screening and vaccination will reduce cervical cancer and resources use. A small
transient apparent increase of invasive cancer rates due to earlier detection may be detectable at the population
level, reflecting the introduction of a more sensitive screening test. These findings can be used to inform health
services planning and public communications surrounding program implementation.

© 2018 Elsevier Inc. All rights reserved.
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practice') to a program involving five-yearly primary HPV screening
from age 25-69, partial genotyping for HPV16/18 and LBC triage for
non16/18 oncogenic types (‘updated NCSP’). This decision was based
on international evidence that HPV screening is more effective than cy-
tology. A number of trials and cohort studies, taken together, have
established that increased CIN2+ detection at baseline and treatment,
leads to decreased CIN3+ longitudinally [1-9] A major pooled analysis
of four trials concluded that HPV testing increases protection against the
development of invasive cervical cancer. One analysis, for example,
found that the cumulative risk of CIN3+ development three years
after a negative HPV test is 0.069% versus 0.19% following a negative cy-
tology test [6]. Our previous work predicted that in the long term, re-
ductions in cervical cancer incidence and mortality in NZ of ~12% in
cohorts offered quadrivalent (HPV4) vaccination (~16% in unvaccinated
cohorts) could be achieved in women offered primary HPV screening
from age 25, compared to women under current practice from the
age of 20, and also estimated resource utilisation in the context of a
primary HPV program [10]. While a growing number of countries
are transitioning from existing cytology-based cervical screening
programmes to longer-interval HPV-based programmes, there is a
need for a greater understanding of not only the population-level health
implications of such a transition, but also resource-use estimates for
workforce planning and cost analyses for healthcare budgeting
[11-13]. Modelling studies from Australia indicate that a rapid transi-
tion from shorter-interval cytology (two-yearly cytology in the case of
Australia) to five-yearly HPV screening is expected to result in transi-
tional temporal fluctuations in screening and resource utilisation vol-
umes, and health outcomes, for at least the first three rounds of HPV-
based screening [14,15]. It is necessary for public communication, safety
monitoring, and resource and workforce planning in NZ to derive esti-
mates of the expected health outcomes and resource utilisation during
the transitional period from cytology screening to the updated NCSP,
in the context of continuing HPV immunisation.

Therefore, the current analysis aims to provide year-by-year esti-
mates for health outcomes and resource use during the period immedi-
ately before, during, and after the program transition in NZ, from 2015
to 2035.

2. Materials and methods

We used an established modelling platform for the analysis - Pol-
icy1-Cervix. Age-specific rates and cases of histologically-confirmed
CIN grade 2/3, cervical cancer incidence and mortality were simulated;
as well as year-by-year primary and follow-up test volumes, pre-cancer
(CIN) treatments and primary and triage test positivity rates. This anal-
ysis also provides cost and summary effectiveness analysis outcomes,
reporting on life-years, quality-adjusted life-years and total cervical
screening programme costs over time. Two scenarios were modelled;
the first considers a rapid transition from current practice to the up-
dated NCSP in 2019 (baseline scenario, referred to as ‘HPV-based’),
and the second (counterfactual scenario, referred to as ‘cytology-
based’) assumes current practice continues indefinitely. The updated
NCSP is described in detail in Appendix S1. Both scenarios include the
current National HPV Immunisation Programme. This comparison is to
quantify the expected success of the updated NCSP relative to current
practice, in addition to defining which outcomes are due to screening
program change, and which may be attributable to demographic change
or reductions in underlying HPV prevalence due to HPV vaccination.

2.1. Modelling of the National Cervical Screening Programme

Policy1-Cervix simulated NZ's planned programmatic transition from
current practice to the updated NCSP as occurring in 2019. Briefly, the
current NCSP recommends that asymptomatic women aged
20-69 years attend for three-yearly routine screening using LBC, with
HPV triage of low-grade cytological abnormalities in women aged 30

+ years; women with either a high-grade cytology result or a low-
grade cytology result and positive HPV triage test result are referred to
colposcopy [16]. The modelled clinical management for routine screen-
ing and follow-up were based on existing guidelines and expert advice
[10,16]. Screening initiation patterns and age- and interval-specific
probabilities that a woman will re-attend for screening are derived
from NCSP register data; simulated three- and five-year screening cov-
erage rates are consistent with the observed data. [10,17,18] Detailed
descriptions of screening participation, model structure, parameter as-
sumptions and data sources used to model current practice have been
described previously [10].

The modelled screening pathway and clinical management assump-
tions for the updated NCSP during and after transition, were based on
updated guidelines for cervical screening in NZ, as released for public
consultation [19]. The updated NCSP recommends five-yearly HPV
screening with partial genotyping for HPV16/18 for asymptomatic
women aged 25-69 years, and LBC triage for women who are screen-
positive for non-16/18 oncogenic types. Women positive for HPV 16/
18 at primary screening are referred for colposcopy, as are women pos-
itive for high risk HPV types not 16/18, whose cytology triage yielded
ASC-H/HSIL or worse (Fig. 1, Appendix S1).

The model assumed the transition to the new programme occurs at
the start of 2019. The model assumes that from 2019 onwards, women
aged 25 or older attending for a routine screen will receive a HPV test in
place of cytology, and henceforth be managed according to the new
guidelines; a further assumption was that women under the age of
25 at the time of switchover are ineligible for primary HPV testing, re-
gardless of whether they have already initiated screening, until their
25th birthday. Women attending for follow-up after a previous abnor-
mality (including those aged less than 25 years) would also be managed
according to the new guidelines from 2019 [19]. Following the transi-
tion, it is assumed that no women initiate screening until 25 years of
age, at which time the assumed age-specific uptake rates are such that
the proportion of ever-screened women matches that observed under
the current program [10]. The modelled screening re-attendance rates
in the updated NCSP were derived by assuming that the proportion of
women who have early re-screening, on-time screening and late re-
screening remains similar to that observed currently in NZ; this
modelled screening attendance assumption has been explicitly de-
scribed elsewhere [10].

2.2. Policy1-Cervix model platform

The platform used in this analysis, Policy1-Cervix, consists of a dy-
namic HPV transmission and vaccination model (implemented in
Microsoft Visual Studio C++), overlayed with a semi-Markov model
of the natural history of CIN, cervical screening and cervical cancer sur-
vival (implemented in TreeAge Pro 2014, TreeAge Software Inc., MA,
USA). Policy1-Cervix is configurable to different settings and has been
used to evaluate various cervical cancer screening strategies in a range
of countries. [10,14,20-30] The model platform used in this study has
been adapted to the NZ setting and extensively calibrated and validated
with observed NZ data, as previously described in detail [10]. The anal-
ysis for the current study involved simulation of multiple birth-cohorts
for the period 1931-2035 to produce cross-sectional population-level
outcomes for calendar years from 2015 to 2035. Each birth cohort was
simulated from 10 to 84 years using an annual time step.

2.3. Model parameters, assumptions and data sources

The natural history component of Policy1-Cervix incorporates dis-
ease progression/regression rates for HPV infections due to types 16
(HPV 16), 18 (HPV 18) and oncogenic HPV (hrHPV) for types other
than HPV16/18 (not 16/18). The model parameter assumptions and cal-
ibration for NZ have previously been published; this includes a detailed
description of NZ-specific screening, diagnosis and treatment costs and
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Fig. 1. Management of women under the updated NCSP (see Appendix S1 for detailed management flow charts).

QALY (quality-adjusted life year) weights [10]. A dynamic HPV trans-
mission model that has been adapted to the NZ setting was used to es-
timate the type-specific HPV incidence by single year of age over time in
NZ [10]. The transmission model simulated the impact of the National
HPV Immunisation Program, which commenced in late 2008, based on
published vaccination coverage rate for cohorts born between 1990
and 2002 (uptake rate of all three doses ranges from 38% in the 1990 co-
hort to 66% in the 2002 cohort) [31]. Uptake in females born after 2003
was assumed to be equivalent to that for those born in 2002. Further de-
tail of the assumptions underlying the modelling of HPV vaccination are
described elsewhere [10].

This implementation of Policy1-Cervix incorporates further detail
with respect to survival assumptions for women diagnosed with cervi-
cal cancer than that incorporated in our previous analysis. In our previ-
ous analysis, survival rates were applied by year since diagnosis and
stage at detection [10]. In this implementation, survival rates by year
since diagnosis are applied by both cancer stage at detection (local, re-
gional and distant) and detection modality (screen-detected cervical
cancer or symptomatically-detected cervical cancer), as published in re-
cent studies [32-35]. Additional parameter details such as test charac-
teristics, treatment success and compliance to screening and follow-
up recommendations have been described in detail elsewhere [10].

24. Simulated scenarios and outcomes considered

The modelled analysis simulated two primary scenarios: the first
scenario assumed no change to the current NCSP and that current prac-
tice continues indefinitely (‘cytology-based’ counterfactual scenario);
the second scenario assumed that the program transitions to the up-
dated NCSP in 2019 (‘HPV-based’ baseline scenario). Both scenarios
are assumed to occur in the context of the National HPV Immunisation
Programme. The outcomes of each scenario were predicted for each

year in the period between 2015 and 2035 where case numbers, volume
estimates and costs are based on Statistics NZ population estimates for
2015-2016 and median population projections for years 2017 onwards
[36,37]. The health outcomes considered were case numbers and age
standardised rates for each of: histologically-confirmed CIN2/3 detec-
tion, incident cervical cancer and cervical cancer death. Estimates are
additionally stratified by attributable HPV type group (incident cervical
cancer and CIN2/3 detection) and stage at diagnosis (incident cervical
cancer). The resource utilisation outcomes considered were the total
volumes (all ages) of HPV tests, LBC tests, colposcopies, biopsies, pre-
cancer treatments and the total number of women screened. This anal-
ysis also reports on primary and triage test positivity rates predicted
under the updated NCSP, as well as costs and quality-adjusted life years.

2.5. Model validation

Model validation outcomes are consistent with observed age-
specific rates of cervical cancer incidence and mortality, histologically-
confirmed low- and high-grade cervical abnormalities and abnormal cy-
tology. These results, in addition to volumes of cervical disease cases
and test volumes, are presented in Appendix S2.

2.6. Sensitivity analysis

Our previous modelled analysis for NZ has indicated that HPV test
accuracy assumptions and screening compliance assumptions are driv-
ing factors behind simulation outcomes [10]; hence these parameters
were varied for the sensitivity analysis. Our predictions for health out-
comes and resource use were similar across a range of assumptions
about HPV test sensitivity and management of post-treatment women
(Appendix S3).
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3. Results
3.1. Health outcomes

For both the cytology-based (counterfactual) and HPV-based (base-
line) scenarios, rates of histologically-confirmed CIN2/3, cervical cancer
incidence and cervical cancer mortality are predicted to steadily decline
over the period from 2015 to 2035 due to the combined effect of cervical
screening and HPV vaccination (Fig. 2). In general, these rates are lower
for the HPV-based (baseline) scenario than in the cytology-based
(counterfactual) scenario, except for a small transient increase (~5%)
in the rate of early cervical cancer detection in the baseline scenario fol-
lowing the introduction of the updated NCSP (due to earlier detection of
prevalent disease when the more sensitive test is first introduced). Ad-
ditionally, small transitional fluctuations in CIN2/3 and cervical cancer
detection in-line with the five-year screening interval are predicted fol-
lowing the screening program transition; however, these fluctuations
are comparatively minor and dampen quickly after approximately two
screening rounds.

Compared to pre-transitional rates (i.e. 2018), the updated NCSP
(baseline scenario) is predicted to decrease rates of histologically-
confirmed CIN2/3, cervical cancer incidence and cervical cancer mortal-
ity by 33% (1.83 per 1000 in 2018; 1.23 per 1,000 in 2035), 32% (7.78 per
100,000 in 2018; 5.26 per 100,000 in 2035) and 25% (2.19 per 100,000
in 2018; 1.64 per 100,000 in 2035), respectively by 2035 (Fig. 2). The re-
ductions in rates of CIN2/3, cervical cancer incidence and mortality
under the current NCSP (counterfactual scenario - due only to vaccine
impact) are 27% (1.34 per 1000 in 2035), 25% (5.87 per 100,000 in
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2035) and 17% (1.82 per 100,000 in 2035), respectively, by 2035 com-
pared to 2018 rates. This equates to HPV-based (baseline) scenario
2035 rates of histologically-confirmed CIN2/3, cervical cancer incidence
and cervical cancer mortality being 23%, 31% and 48% lower, respec-
tively, on a relative basis, than the corresponding rates predicted
under the cytology-based (counterfactual) scenario.

We predict 2661 cervical cancer cases and 869 deaths over the pe-
riod from 2019 to 2035 under the updated NCSP (baseline scenario),
whereas 2810 cervical cancer cases and 914 deaths are predicted over
the same period under the current NCSP (counterfactual scenario).
Thus, the transition to primary HPV screening is expected to avert 149
cervical cancer cases and save 45 lives (Fig. 2).

3.2. Resource utilisation outcomes

Fig. 3 shows the estimated annual number of women screened, HPV
tests, LBC tests, colposcopies, biopsies, pre-cancer treatments, costs and
quality-adjusted life years each year for both the cytology-based (coun-
terfactual) and HPV-based (baseline) scenarios. For the cytology-based
(counterfactual) scenario, the number of women screened and primary
test (LBC) volumes increase slightly over time, reflecting changes in
population demographics (i.e. population increases and ageing). In con-
trast, in the HPV-based (baseline) scenario, the number of women
screened and the primary HPV test volumes decrease sharply after the
transition, and then fluctuate in line with the new five-year screening
interval; these fluctuations dampen over time. The change in test vol-
umes reflects the shift in the primary test, with a decrease in LBC vol-
umes of ~82% in 2019.
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Fig. 2. Estimated cases and age standardised rates of: (a), (b) histologically-detected CIN2/3; (c), (d) cervical cancer diagnosis; and (e), (f) cervical cancer mortality, respectively, for the
current NCSP and the updated guidelines taking into account the impact of the HPV Immunisation Program. *Standardised to the Statistics NZ 2001 female population.
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Fig. 3. Year-by-year volumes of (a) women screened, (b) HPV tests, (c) cytology, (d) number of colposcopies, (e) number of biopsies and (f) number of pre-cancer treatments.

Volumes of colposcopies, biopsies and pre-cancer treatments are
predicted to generally decline over time after about 2019/2020 in both
the cytology-based (counterfactual) and HPV-based (baseline) scenar-
ios. In the cytology-based (counterfactual) scenario, however, the gen-
eral decline is subject to periodic fluctuations, although these are
relatively small and much less pronounced than the fluctuations pre-
dicted for the number of women screened and primary test volumes.
Colposcopy volumes are predicted to be reduced by 11% in 2019, and
to remain well below both pre-transition and counterfactual scenario
levels to 2035. This is likely to reflect changes in the guidelines for the
updated NCSP clinical management guidelines such as ceasing to rec-
ommend a colposcopy in the first year following treatment for HSIL
[7], rather than changes in the type of primary test or screening interval.

3.3. Cost analysis outcomes

Total program costs (including the costs of screening, triage, diag-
nostic test and cancer treatment, but excluding program overheads)
are predicted to be NZ$31,784,817 in the year 2018. For the updated
NCSP (HPV-based baseline scenario), annual costs will be reduced by
6% in 2019, and 16% in 2035, compared to 2018. On average, program
costs are predicted to reduce over time. However, immediately follow-
ing the transition to the updated NCSP, program costs are expected to
fluctuate in line with the five-year screening interval, with fluctuations
dampening over two-three screening rounds. This may be contrasted
with the programme costs predicted under the counterfactual scenario;
here we expect a gradual increase in costs by 0.73% in 2019, and 1.33%

by 2035. Total quality-adjusted life-years in NZ women are expected
to rise gradually over time, from 2,004,309 in 2018 to 2,337,614 in 2035.

Table 1 displays five-year averages in predicted resource volumes,
primary and triage test positivity and cost outcomes.

3.4. Test and referral outcomes

Test results relating to primary screening tests and triage tests fol-
lowing a positive primary screening test are shown in Fig. 4. After an ini-
tial peak in primary test positivity following the programme transition,
the proportion of primary HPV tests that are predicted to be positive is
expected to remain stable from ~2024 onwards, at around 9%. The pro-
portion of all HPV tests positive for HPV16/18 is predicted to only
slightly reduce from around 2% after the first round of HPV screening
(due to the further impact of vaccination against HPV 16/18), while
the proportion positive for non-16/18 types only is predicted to remain
around 7% after the first screening round (Fig. 4a). Considering all LBC
tests done following a positive primary screening test (including triage
tests after a test positive for non-16/18 types only, and tests after a 16/
18 positive test done to inform colposcopy), approximately 32% are pre-
dicted to have a cytological abnormality (ASC-US+-), approximately 24%
ASC-US/LSIL and approximately 8% ASC-H+. The proportions with ASC-
US/LSIL and ASC-H+ cytology are predicted to be approximately 28%
and 17%, respectively, in women positive for HPV 16/18-positive tests,
and 23% and 5%, respectively, in women positive for non-HPV16/18
types (Fig. 4). These proportions are predicted to be reasonably stable
over time. Considering the results from primary and triage tests, the
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Table 1

Predicted annual resources-use volumes, test positivity, costs and effects outcomes under
the updated NCSP (HPV-based baseline scenario) averaged over successive five-year
screening rounds.

Updated NCSP (current NCSP)

2019-2023 2024-2028 2029-2033

Resource use volumes
Women screened 299,822 296,007 303,172

(439,491) (453,076) (466,826)
HPV tests 292,393 (22,731) 294,633 (22,522) 302,584 (22,104)
LBC tests 71,938 (476,728) 61,008 (490,214) 59,962 (504,441)
Colposcopy visits 21,884 (26,965) 19,709 (25,585) 18,879 (24,831)
Biopsies 10,638 (11,236) 9690 (10,606) 9025 (10,163)
Pre-cancer treatments 4081 (4483) 3763 (4073) 3542 (3859)

Primary HPV test positivity®

HPV-16/18 2.4% 2.1% 1.9%
HPV-not 16/18 6.6% 6.8% 6.9%
LBC triage test positivity in HPV-positive women®®
ASC-US/LSIL 22.8% 22.7% 22.7%
ASC-H+ 5.0% 5.1% 5.1%
Recommendations following primary test*
Colposcopy referral 2.7% 2.5% 2.2%
12-month follow-up 6.3% 6.4% 6.5%
Cost outcomes
Life years 2,096,745 2,202,891 2,283,423
(2,096,745) (2,202,889) (2,283,420)
Quality-adjusted life 1,850,245 1,943,982 2,026,716
years (QALYs)© (1,849,873) (1,943,528) (2,026,238)
Total program costs® NZ$27,997,837  NZ$27,151924  NZ$ 26,891,838
(NZ$32,188,368) (NZ$32,129,787) (NZ$32,215,704)

Abbreviations: ASC-US, Atypical squamous cells of undetermined significance; LSIL, Low-
grade squamous intraepithelial lesion; ASC-H, Atypical squamous cells where a high-
grade squamous intraepithelial lesion cannot be excluded.

@ Refers to primary HPV screening (i.e. updated NCSP scenario) only.

b Following a HPV-not 16/18 positive primary HPV test.

€ QALY calculations are based on a disutilities set as per published literature, labelled
‘QALY weights set 1" as previously published [10].

4 Total program costs are based on previously published cost assumptions [10].

model predicts that 2.7% of women to be referred for colposcopy in the
first screening round (2019-2024); rates of colposcopy referral are pre-
dicted to decline slowly over time to ~2% in the 2029-2033 period. In
the first screening round, approximately 6.3% of women are predicted
to be recommended to return in 12 months for follow-up, with
follow-up rates predicted to increase slightly over the period, to 6.5%
in the 2029-2033 screening round.

4. Discussion

This study provides the first comprehensive long-term estimates of
the cost, health outcomes, resource utilisation and test outcomes of
the NCSP in New Zealand taking into account both the ongoing impact
of HPV vaccination and the planned transition to HPV-based screening.
Transitioning from ‘current practice’ (three-yearly LBC) to the ‘updated
NCSP’ (five-yearly HPV testing) would, with exception of minor transi-
tional fluctuations, accelerate the reduction in rates of histologically-
detected CIN2/3, cervical cancer incidence and cervical cancer mortality
which is already expected to occur as a consequence of HPV vaccination.
These reductions are predicted to be 33%, 32% and 25% lower, respec-
tively, in 2035 relative to pre-transitional (2018) rates due to the com-
bined impact of the two interventions. This is 6 (8% relative decrease), 8
(10% relative decrease) and 8 (10% relative decrease) percentage points
lower, respectively, than would have occurred due to vaccination im-
pact alone if the current NCSP was maintained. The transition to primary
HPV screening is predicted to avert approximately 149 cervical cancer
cases and 45 deaths over the period 2015-2035.

The results from this study are broadly consistent with our previous
modelled analyses that evaluated the population-level impact of a
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Fig. 4. (a) Primary HPV test positivity and (b) LBC test positivity following a primary HPV
test positive for HPV 16/18 and (c) LBC test positivity following a primary HPV test positive
for HPV not 16/18.

programmatic transition from shorter-interval cytology screening to
five-yearly primary HPV screening in Australia. [14,38] A notable differ-
ence between the findings of the Australian study and this analysis is
that the magnitude of transitional fluctuations following the transition
is predicted to be smaller in NZ than in Australia. This difference may
be attributed to the current screening interval being three years in NZ
compared to two years in Australia; thus the change in screening inter-
val to five years is less substantial. The final impact of the transition on
colposcopy volumes is very limited; the final colposcopy volumes are
a function not only of the screening test and triage process, but also of
the recommendations for colposcopy at all stages of follow-up and
surveillance- thus our modelled outcomes also reflect changes made
to these aspects in considering the new recommendations in NZ. It
should be noted that the current NCSP recommendations for cytology
screening in NZ involve colposcopy referral at more points during sur-
veillance (e.g. for discordant cytology/colposcopy results) than was
the case in Australia's cytology program. A change in NZ recommenda-
tions around whether or not a post-treatment colposcopy is done ap-
pears to have significantly dampened the effect that the programme
transition will have on annual colposcopy volumes.
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The long-term results of this study, i.e. health and volumes outcomes
in the year 2035, are also broadly consistent with the results of our pre-
vious single cohort analysis in NZ [10]. In that analysis we predicted that
transitioning to a five-yearly primary HPV screening will reduce cervical
cancer incidence and mortality by 12-16% and save 4-13% in program
costs, compared to three-yearly conventional cytology. In the current
analysis, we have estimated that cervical cancer incidence and mortality
rates will be ~10% lower by 2035 under the updated NCSP, compared to
what rates would have been in 2035 under the current program. Under
the updated NCSP we predicted that annual program costs will be ~17%
lower under than what they would be under three-yearly cytology. It is
important to note that this current study also includes the draft screen-
ing management guidelines for the updated NCSP, which were not
available at the time of the original policy evaluation, and thus may ac-
count for differences in cost reduction [10].

As for any modelled analysis, this study has some limitations. Specif-
ically, we assume compliance to screening is constant (although ad-
justed for a longer recommended interval), which does not account
for the possibility that women may change their behaviour leading up
to the screening transition, or alternatively the possibility that women
change their screening behaviour due to the perception that HPV vacci-
nation reduces the need for screening. Additionally, the impact of HPV
vaccination may be under-estimated, since some vaccine-derived pro-
tection may be conferred after two doses (our vaccine uptake assump-
tions are based on three-dose uptake), and because our analysis
assumes continuation of a female-only HPV4 program (in January
2017 the program was extended to boys and adopted the next genera-
tion nonavalent vaccine [HPV9]). However, the difference between
two- and three-dose uptake in NZ is reasonably small (approximately
5%) and the efficacy of two doses depends on the spacing between the
doses, so this small underestimate in coverage is unlikely to have a sub-
stantial effect on our results. The inclusion of boys and change to HPV9
will have a greater effect over the long term, however these changes are
unlikely to affect predictions over the timeframe we considered. These
changes to vaccination would predominantly affect birth cohorts
targeted for vaccination from 2017 on, who were generally born in
around 2004 or later. Women in these birth cohorts would not enter
the screening program until the later years of our simulation, and
even in these later years would comprise a relatively small proportion
of screened women. In 2031-2035, only 10.6% of screening-age
women (25-69 years) will be 25-29 years and thus had been offered
HPV9; if ~70% of these girls have been fully vaccinated, then the propor-
tion overall of screened women in this group is ~0.074 (7.4%).

It has recently been announced that NZ will stage its implementa-
tion of the new recommendations for screening; firstly, increasing
the starting age to 25 from 2019, and then working towards com-
mencing primary HPV screening from 2021 (rather than late 2018,
as originally planned) [39,40]. This stepped implementation will
slightly impact the timing of the changes predicted here in that
transitional effects will be delayed by approximately two years.
However, given that both the age of starting screening and the tran-
sition to the new screening tests are expected to occur within a rela-
tively short period, we expect no substantial variation on the
predictions presented here.

The strengths of this analysis include the use of an extensively cali-
brated and validated model platform, Policy1-Cervix, taking into account
detailed observed HPV vaccination coverage and screening compliance
rates. Screening and follow-up and surveillance management assump-
tions in the model are very detailed and incorporate the latest recom-
mendations for the updated NCSP [41]. The work was performed in
collaboration with stakeholders and specifically aimed to address im-
portant local questions and areas of uncertainty. The findings from
this analysis are broadly applicable to settings with similar existing
screening policies (three-yearly cytology with HPV triage) and vaccine
coverage rates. The transitional increases in disease-detection rates
and resource-use observed in this analysis is of the result of utilising a

more sensitive screening test, and also expected to be observed during
a similar transition in a range of settings. Similarly, we have quantified
transitional fluctuations attributable to the change in screening interval,
and this is also likely to occur in other settings, since most countries
would implement HPV screening at intervals of five years or greater.
In particular, we found that these fluctuations are smaller than those
predicted following the screening programme transition in Australia;
a result which is reassuring for other settings transitioning from three-
yearly to five-yearly programme [14]. Further, the predicted primary
test positivity rate (9% positive for any high-risk HPV) is comparable
to what is currently being observed in Australia, which uses a similar
screening algorithm and age-range [42].

The health services research presented in this analysis provides a
valuable contribution to the field of gynaecologic oncology. These re-
sults are relevant to clinicians, epidemiologists and policy-makers
alike as they inform health-services planning, budgets, workforce re-
quirements, quality assurance measures, safety monitoring of the up-
dated NCSP and communication strategies. It is essential for
maintaining public confidence in the updated National Cervical Screen-
ing Programme that the predicted small transient increase in rates of
histological CIN2/3 and cervical cancer detection, if detectable at the
population level, are appropriately understood as an indication of pro-
gram success by bringing forward diagnoses of disease; this increase
in early disease detection will result in long-term reductions in invasive
cervical cancer incidence and mortality. A new set of results from this
study, which were not included in our previous analysis [10], are predic-
tions of primary and triage test positivity rates under the updated NCSP.
These will be critical in developing laboratory performance targets and
reassuringly, these rates are predicted to be reasonably stable over time
in NZ.

Implementing major changes to well-established programs involve
many challenges, especially when they occur against a shifting back-
ground - as is the case with changes to cervical screening in the context
of HPV vaccination. The findings in the current study provide important
information to assist in successful implementation of recent screening
policy changes, which will provide important benefits for women in
New Zealand.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2018.10.045.
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