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Abstract

Background

Using primary human papillomavirus (HPV) testing for cervical screening increases detection

of high-grade cervical intraepithelial neoplastic lesions and invasive cancer (cervical intrae-

pithelial neoplasia grade 2+ [CIN2+]) compared to cytology, but no evaluation has been con-

ducted in a population previously offered HPV vaccination. We aimed to assess colposcopy

referral and CIN2+ detection rates for HPV-screened versus cytology-screened women in

Australia’s HPV-vaccinated population (by 2014, resident women�33 years had been age-

eligible for HPV vaccination, with 3-dose uptake across age cohorts being about 50%–77%).

Methods and findings

Compass is an open-label randomised trial of 5-yearly HPV screening versus 2.5-yearly liq-

uid-based cytology (LBC) screening. In the first phase, consenting women aged 25–64

years presenting for routine screening at 47 primary practices in Victoria, Australia, provided

a cervical sample and were randomised at a central laboratory at a 1:2:2 allocation to (i)

image-read LBC screening with HPV triage of low-grade cytology (‘LBC screening’), (ii)

HPV screening with those HPV16/18 positive referred to colposcopy and with LBC triage for

other oncogenic (OHR) types (‘HPV+LBC triage’), or (iii) HPV screening with those HPV16/

18 positive referred to colposcopy and with dual-stained cytology triage for OHR types
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Institute of Oncology, SPAIN

Received: August 1, 2016

Accepted: August 10, 2017

Published: September 19, 2017

Copyright: © 2017 Canfell et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Ethical committee

approval will be required for access to original data

from this trial. Ethics submissions to support

requests for data access should be directed to the

Bellberry Human Research Ethics Committee at the

following address: http://www.bellberry.com.au;

parallel contact should be made with the research

data administration team at CCNSW (dcat@nswcc.

org.au).

https://doi.org/10.1371/journal.pmed.1002388
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002388&domain=pdf&date_stamp=2017-09-19
https://doi.org/10.1371/journal.pmed.1002388
https://doi.org/10.1371/journal.pmed.1002388
http://creativecommons.org/licenses/by/4.0/
http://www.bellberry.com.au
mailto:dcat@nswcc.org.au
mailto:dcat@nswcc.org.au


(‘HPV+DS triage’). A total of 5,006 eligible women were recruited from 29 October 2013 to 7

November 2014 (recruitment rate 58%); of these, 22% were in the group age-eligible for

vaccination. Data on 4,995 participants were analysed after 11 withdrawals; 998 were

assigned to, and 995 analysed (99.7%) in, the LBC-screened group; 1,996 assigned to and

1,992 analysed (99.8%) in the HPV+LBC triage group; and 2,012 assigned to and 2,008 ana-

lysed (99.8%) in the HPV+DS triage group. No serious trial-related adverse events were

reported. The main outcomes were colposcopy referral and detected CIN2+ rates at baseline

screening, assessed on an intention-to-treat basis after follow-up of the subgroup of triage-

negative women in each arm referred to 12 months of surveillance, and after a further 6

months of follow-up for histological outcomes (dataset closed 31 August 2016). Analysis was

adjusted for whether women had been age-eligible for HPV vaccination or not. For the LBC-

screened group, the overall referral and detected CIN2+ rates were 27/995 (2.7% [95% CI

1.8%–3.9%]) and 1/995 (0.1% [95% CI 0.0%–0.6%]), respectively; for HPV+LBC triage,

these were 75/1,992 (3.8% [95% CI 3.0%–4.7%]) and 20/1,992 (1.0% [95% CI 0.6%–1.5%]);

and for HPV+DS triage, these were 79/2,008 (3.9% [95% CI 3.1%–4.9%]) and 24/2,008

(1.2% [95% CI 0.8%–1.6%]) (p = 0.09 for difference in referral rate in LBC versus all HPV-

screened women; p = 0.003 for difference in CIN2+ detection rate in LBC versus all HPV-

screened women, with p = 0.62 between HPV screening groups). Limitations include that the

study population involved a relatively low risk group in a previously well-screened and treated

population, that individual women’s vaccination status was unknown, and that long-term fol-

low-up data on disease detection in screen-negative women are not yet available.

Conclusions

In this study, primary HPV screening was associated with significantly increased detection

of high-grade precancerous cervical lesions compared to cytology, in a population where

high vaccine uptake was reported in women aged 33 years or younger who were offered

vaccination. It had been predicted that increased disease detection might be associated

with a transient increase in colposcopy referral rates in the first round of HPV screening,

possibly dampened by HPV vaccine effect; in this study, although the point estimates for

referral rates in women in each HPV-screened group were 41%–44% higher than in cytol-

ogy-screened women, the difference in referral rate between cytology- and HPV-screened

women was not significant. These findings provide initial support for the implementation of

primary HPV screening in vaccinated populations.

Trial registration

Australian New Zealand Clinical Trials Registry ACTRN12613001207707

Author summary

Why was this study done?

• A number of countries are currently considering a transition from cytology (Pap) test-

ing to primary HPV testing for cervical screening. This is underpinned by evidence
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from a number of large-scale randomised trials showing improved early detection of

high-grade precancerous disease and subsequent improved long term protection against

cervical intraepithelial neoplasia grade 3 (CIN3) and invasive cervical cancer in HPV-

screened women compared to those screened with cytology.

• However, no prior trials of these cervical screening approaches have been conducted in

a population with substantial uptake of HPV vaccination, which has now been available

for a decade.

What did the researchers do and find?

• Australia has a high uptake of HPV vaccination, with all women aged�33 years at the

time of recruitment in 2014 having previously been offered vaccination. We conducted

a randomised trial of 5-yearly HPV screening versus 2.5-yearly cytology screening in

women aged 25–64 years presenting for routine screening in Victoria, Australia.

• We examined detected rates of high-grade precancer (CIN2+) in the baseline screening

round, assessed on an intention-to-treat basis after follow-up of a subgroup of women

in each arm who were referred to 12 months of surveillance based on their screening

results, and after a further 6 months of follow-up for histological outcomes.

• We found that there was a significantly higher detection rate for CIN2+ in HPV-

screened women (about 1.0% for HPV-screened women versus 0.1% for cytology-

screened women).

What do these findings mean?

• These findings provide initial confirmation of an improved performance of primary

HPV screening compared to cytology screening in settings with HPV-vaccinated

populations.

• These findings from Australia, the first country to adopt a national, publicly funded

HPV vaccination program, are relevant to other countries considering the implications

of HPV vaccination implementation on future cervical screening approaches.

Introduction

A number of countries are currently considering a transition to primary human papillomavi-

rus (HPV) testing for cervical screening, underpinned by evidence from a number of large-

scale randomised trials and longitudinal cohort studies, which, taken together, show improved

early detection of high-grade precancerous disease (cervical intraepithelial neoplasia grade 2

or 3 [CIN2/3]), lower cumulative incidence of CIN3 and invasive cervical cancer in HPV nega-

tive compared to cytology negative women, and, following treatment of detected CIN2/3, sub-

sequent improved long-term protection against CIN3 and invasive cervical cancer in HPV-

screened women compared to those screened with cytology [1–9]. However, no prior trials of

primary HPV screening compared to cytology screening have been conducted in a population

with substantial uptake of HPV vaccination.
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Australia was the first country in the world to introduce a national HPV vaccination pro-

gram. Since 2007, vaccination with quadrivalent vaccine (Gardasil, Merck/CSL) has been rou-

tinely offered to 12- to 13-year-old girls, and reported 3-dose and 2-dose coverage rates for

girls aged 12–13 years in 2013 were 77% and 83%, respectively. A 2-year catch-up in females

aged 12–26 years in 2007 was conducted, with women who had commenced the 3-dose course

given the opportunity to complete it by the end of 2009; this achieved 3- and 2-dose coverage

rates of 70% and 78% in girls aged 12–17 years, and 3- and 2-dose coverage rates of 32%–53%

and 45%–59% in women aged 18–26 years [10,11]. By 2014, therefore, all women�33 years

had been offered vaccination. The impact of vaccination has been extensively documented for

several outcomes in women in their 20s, including reductions in vaccine-included HPV types,

anogenital warts, and confirmed CIN2/3 lesions [12–15]. However, cervical screening will

continue to be required since first-generation vaccines protect against HPV types implicated

in about 70% of invasive cervical cancers. Furthermore, older women have not been offered

vaccination, and currently the situation is dynamic, with the initial cohorts offered vaccination

aging over time and maturing within the screening program.

Australia’s National Cervical Screening Program was established in 1991 and has involved

2-yearly conventional cytology screening in sexually active women aged 18–20 to 69 years

[16]. However, in the last 5 years the program has undergone a major review, ‘renewal’,

prompted by the implementation of HPV vaccination [17]. Based on systematic review of the

literature and modelled evaluation of screening, it was concluded that the preferred approach

to cervical screening in both unvaccinated women and cohorts offered vaccination involved

5-yearly primary HPV screening with partial genotyping for HPV16/18 in women aged 25–69

years, and discharge of HPV-negative women from screening in their early 70s. The modelled

evaluation predicted reductions of approximately 20% or greater in cervical cancer incidence

and mortality for this strategy compared to the current screening program [17,18]. A rando-

mised controlled trial of primary HPV screening versus cytology-based screening, known as

Compass, commenced recruitment in 2013 and is acting as a sentinel experience of primary

HPV screening prior to the national screening program transition.

We aimed to use baseline screening data from the first phase of Compass (i) to determine

the rate of colposcopy referral in the first round of HPV screening and to assess if this was

higher than in the cytology screening arm of the trial and (ii) to assess the detected CIN2+ rate

in the first screening round in HPV-screened versus cytology-screened women. Analyses were

performed on an intention-to-treat basis after follow-up of women referred to 12-month sur-

veillance based on their screening results, and after a further 6 months of follow-up for histo-

logical outcomes, and were adjusted according to whether women had been age-eligible to be

offered HPV vaccination (�33 years in 2014) (‘vaccinated cohorts’) or not age-eligible to be

offered HPV vaccination (34+ years in 2014) (‘unvaccinated cohorts’).

Methods

Study design

Compass is a large-scale open-label randomised trial of 5-yearly HPV screening versus 2.5-yearly

cytology screening coordinated at the Victorian Cytology Service (VCS), which also operates the

VCS Pathology laboratory, the Victorian Cervical Cytology Registry (and now also the South Aus-

tralian Cervix Screening Registry), and the National HPV Vaccination Program Register. Com-

pass is being conducted in 2 phases. The first phase (pilot) (registration ACTRN12613001207707),

for which recruitment is closed, involved a target recruitment of 5,000 women presenting for rou-

tine cervical screening. The main trial (registration NCT02328872), which is currently recruiting,

has a target of 121,000 women presenting for either routine screening or follow-up management.

Primary HPV vs. cytology for cervical screening in a population offered HPV vaccination: Compass
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Recruitment for the pilot was carried out in 47 primary practice and community clinics, by 247

individual clinicians, across Victoria. Human research ethics committee approval was obtained

from the Alfred Hospital Ethics Committee (EC00315), the Bellberry Human Research Ethics

Committee (EC00444), and the Royal Australian College of General Practitioners National

Research and Evaluation Ethics Committee (NREEC 13–005). The pilot study protocol is pro-

vided in S1 Text, with a list of amendments that have been made to the protocol since the start of

the trial detailed on the cover page. The majority of amendments were made in line with the

development of new guidelines for the downstream management of women after screening

(including post-colposcopy management) for the renewed National Cervical Screening Program

and reflect the role of the trial in providing a sentinel experience for the new program. Other

changes include administrative amendments, updates to data storage, and the addition of a

substudy.

Participants

Women were recruited by medical and nurse practitioners at participating primary healthcare

clinics or sexual health clinics in Victoria. The study included Australian female residents of

Victoria aged 25–64 years attending for routine cervical screening or follow-up of prior unsat-

isfactory smear for routine screening. Exclusion criteria were as follows: previous total hyster-

ectomy (uterus and cervix); the presence of symptoms for which cervical cancer must be

excluded; currently undergoing treatment for cervical precancer or cancer; attending for fol-

low-up of a prior cervical abnormality, including repeated ‘test-of-cure’ procedures in which

the woman has not yet been discharged back to routine screening; and known pregnancy. Par-

ticipating women provided written informed consent, and for these women a liquid-based

cytology (LBC) sample was taken and returned to the central laboratory, VCS Pathology. Fig 1

shows the CONSORT flow diagram for the trial, from the estimated number of eligible partici-

pants approached to participate in the trial to the number of participants included in the cur-

rent analysis.

Randomisation and masking

Participants and recruiting practitioners were blinded to randomisation assignment at the

time of recruitment. After receipt of the LBC sample at the centralised laboratory, participants

were randomised according to a computer-generated schedule, designed by the NHMRC Clin-

ical Trials Centre at the University of Sydney (staff generating the schedule had no involve-

ment in other aspects of the trial). The randomisation used a minimisation procedure

stratified by age group (<30 and 30+ years; an approximation of the stratification of those age-

eligible for vaccination or not); no other stratification criteria were used. Minimisation is an

adaptive randomisation procedure used to ensure a good balance between the 3 arms across

the stratification levels, as well as overall; allocations were not determined in advance but

depended on the vaccination eligibility status of the participants who had already been rando-

mised. The randomisation allocation was available to laboratory personnel only after receipt

and logging of each sample. Randomisation was at a 1:2:2 allocation ratio to (i) image-read

LBC screening with HPV triage testing of low-grade cytology (‘LBC screening’); (ii) HPV

screening with partial genotyping and direct referral of women with detected HPV16/18 to

colposcopy and with LBC triage for other ‘high risk’ (OHR) oncogenic types (‘HPV+LBC tri-

age’; equivalent to the new screening recommendations in Australia); or (iii) HPV screening

with partial genotyping and direct referral of women with detected HPV16/18 to colposcopy

and with dual-stained cytology triage testing for other oncogenic types (‘HPV+DS triage’).

After randomisation, the specified screening and triage testing was conducted for each group.

Primary HPV vs. cytology for cervical screening in a population offered HPV vaccination: Compass
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Fig 2 shows a schematic representation of management for women randomised to each arm of

the trial; detailed management flowcharts are provided in the protocol (S1 Text). The primary

practitioner was then notified of the randomisation allocation and screening result via the lab-

oratory report, which included a recommendation for management.

Fig 1. Trial profile: CONSORT 2010 flow diagram. *The number of eligible women was estimated using the total number

of samples sent to the Victorian Cytology Service for cervical screening from the participating clinics. Two recruiting clinics

were excluded from this estimate as their non-Compass cervical cytology samples were processed through a different

laboratory and thus their precise recruitment rate cannot be obtained. **A total of 5,303 women were initially recruited.

***A total of 297 women were subsequently found to be ineligible because of their age, or because they were currently in

follow-up for a previously diagnosed low-grade or high-grade abnormality, or the consent form was not received at the

laboratory. ****A further 11 women subsequently withdrew from the trial; these were excluded (1 expressed concerns

about the longer interval for screening, 1 did not wish to participate in verification colposcopy, 1 was anxious, 1 moved

overseas and requested to be withdrawn, and 7 did not provide specific reasons). This left a total of 4,995 eligible

participants for the primary outcome analysis. HPV, human papillomavirus; LBC, liquid-based cytology.

https://doi.org/10.1371/journal.pmed.1002388.g001
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Fig 2. Schematic showing screening and management for each group in the trial. (i) LBC screening, (ii)

HPV+LBC triage screening, and (iii) HPV+DS triage screening. *For more detailed management flowcharts,

refer to S1 Text. −ve, negative; +ve, positive; ASC-H, atypical squamous cells–cannot exclude high-grade

squamous intraepithelial lesion; ASCUS, atypical squamous cells of undetermined significance; cyto,

cytology; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesion; LBC, liquid-based

cytology; LSIL, low-grade squamous intraepithelial lesion.

https://doi.org/10.1371/journal.pmed.1002388.g002
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Procedures

For LBC screening and triage testing, ThinPrep (Hologic, US) was used. For HPV screening

and triage testing, both HC2 (Qiagen, US) and Cobas 4800 (Roche Molecular Systems, US)

technologies were used since the objectives of the study included laboratory evaluation of dif-

ferent HPV test technologies (see S1 Text); Cobas 4800 was used for the initial 3,104 (78%) of

the total 4,003 HPV-screened women, and HC2 was used for the remainder. These different

tests were not considered different treatment groups; the use of different technologies is con-

sistent with the approach that will be used in the renewed National Cervical Screening Pro-

gram, i.e., a range of clinically validated test platforms will be used for HPV testing, provided

that these pre-qualify according to set criteria. For dual-stained cytology testing, CINtec PLUS

technology was used (Roche Tissue Diagnostics, US), which stains for the markers p16 and

Ki67 [19]. Initially, it was planned that screen-negative women randomised to cytology screen-

ing would have a screening interval of 3 years and those randomised to HPV screening would

have a screening interval of 6 years. After the new 5-yearly HPV screening recommendations

for Australia were announced (April 2014), ethics committee approval was obtained on 8 July

2015 to change the screening interval for the HPV-screened women in the pilot to 5 years.

This change was made after all participants were recruited, and primary practitioners and

enrolled participants were then informed of the change via letter. However, it should be noted

that this change has no impact on the baseline screening round analysis reported here.

A total of 181 women were referred to colposcopy; attendance could be verified and histo-

logical outcomes ascertained for 177 (98%). A proportion (16%) of all women not referred to

colposcopy were randomly selected and invited for verification colposcopy performed at the

Royal Women’s Hospital, Melbourne. It was anticipated that this would assist in the statistical

correction of potential verification bias. However, in practice, the attendance rate for invited

women was low (25%), and those who attended are unlikely to represent an unbiased sample

of participants. Three additional CIN2+ cases (1 in the LBC-screened group and 2 in the HPV

+LBC triage group) were identified via verification colposcopy; each of these participants had

screening tests with results indicating intermediate risk (therefore, if they had not been sent

for verification colposcopy, they would have been followed up in 12 months). Because of the

low response rate for verification colposcopy, there are substantial challenges associated with

interpreting the findings, and because the current analysis focuses on referral and detection

rates for screen-positive women, the verification colposcopy findings were not considered fur-

ther here. More detail on the verification colposcopy is provided in S2 Text.

Objectives

The first pre-specified primary objective was to estimate the recruitment rate and test positivity

rate (summarised here as the rate of colposcopy referral); this was assessed after follow-up of

the subgroup of women in each arm who were initially screen positive but based on triage test

results were referred to 12 months of follow-up, and after a further 6 months of follow-up for

histological outcomes (dataset closed 31 August 2016). The second primary objective was to

assess the rate of detected CIN2+ in this first screening round in each group. Analysis was

adjusted according to whether women had been age-eligible for HPV vaccination (in Australia,

�33 years in 2014) or not (34+ years in 2014) (information on individual-level vaccination sta-

tus was not available, because vaccination occurred many years prior to the screening test).

Other objectives, assessed in a subgroup of participants and not reported here, included labo-

ratory feasibility assessment for different HPV test technologies and the sensitivity and speci-

ficity of parallel dual-stained cytology in all HPV-positive women (for more detail, see S1

Text). Safety analyses included reported adverse events, Stage Ia2+ invasive cervical cancers
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(Stage Ia1 cancers were not considered here because screen-detected), and deaths in each

group; event rates for the latter 2 outcomes were compared with those in the population. A

proportion (10.5%) of screen-negative women in the HPV screening groups were also ran-

domly selected for future safety monitoring with early LBC testing at 2.5 years.

Statistical analysis

The target sample size of 5,000 was calculated in order to achieve precision in estimating the

test positivity rates in women <30 and 30+ years, an approximation of the strata defined by

age eligibility for vaccination as of 2013. We took into account the expected impact of HPV

vaccination via estimation of the age profile of the study cohort (using historical data from the

screening program), and estimated vaccine effect based on international data on effectiveness

against CIN2+ (see S1 Text). This gave an expected 95% confidence interval width of 5% or

less for the estimated test positivity rate in each randomisation group and stratum, taking into

account the expected impact of HPV vaccination (see S1 Text). All eligible participants

(excluding those who withdrew) were included in the primary and safety analyses on an inten-

tion-to-treat basis. In the analysis presented here, the Mantel–Haenszel test was used to com-

pare the colposcopy referral rates and CIN2+ detection rates in the LBC screening arm with

those in the combined HPV screening arms, and between the 2 HPV screening arms, after

adjusting for HPV vaccination age eligibility. No adjustments for multiple testing were made

(e.g., instead of using 0.05 as a cutoff for the p-values in hypothesis testing, a lower cutoff can

be used [e.g., 0.01]); instead all p-values are quoted directly. All analyses were conducted using

STATA (version 13.1).

A trial scientific advisory committee and an independent data and safety monitoring com-

mittee (IDSMC) were established. The trial was registered in the Australian New Zealand Clin-

ical Trials Registry (ACTRN12613001207707) (retrospective registration after 1 participant

was recruited), and recruitment was closed on 7 November 2014.

Results

Of an estimated 8,595 eligible women presenting for cervical screening from 29 October 2013

to 7 November 2014, a total of 5,303 participants were initially recruited, but 297 women were

subsequently found to be ineligible (according to trial inclusion/exclusion criteria) when the

sample was received at the laboratory and were not randomised. Data on 4,995 participants

were analysed after 11 women subsequently withdrew (Fig 1); a total of 998 were assigned to,

and 995 analysed (99.7%) in, the LBC-screened group; 1,996 were assigned to and 1,992 ana-

lysed (99.8%) in the HPV+LBC triage group; and 2,012 were assigned to and 2,008 analysed

(99.8%) in the HPV+DS triage group. The final estimated recruitment rate as a proportion of

all women having cervical screening over the recruitment period at participating centres was

58% (range 25%–95% across centres). The randomisation allocation for eligible participants in

each vaccine age-eligibility stratum is given in Table 1.

Table 1. Randomisation allocation by age eligibility for vaccination.

Age eligibility LBC screening HPV+LBC triage screening HPV+DS triage screening Total (%)

Offered HPV vaccination (�33 years in 2014) 211 (21%) 418 (21%) 449 (22%) 1,078 (22%)

Not offered HPV vaccination (34+ years in 2014) 784 (79%) 1,574 (79%) 1,559 (79%) 3,917 (78%)

Total 995 (100%) 1,992 (100%) 2,008 (100%) 4,995 (100%)

Percentages by column.

DS, dual-stained; HPV, human papillomavirus; LBC, liquid-based cytology.

https://doi.org/10.1371/journal.pmed.1002388.t001
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Because this was a screening trial, available demographic information was confined to rou-

tinely collected data available from the pathology request form returned by providers and

based on self-reported information; this information was compared to that from women rou-

tinely attending cervical screening in Victoria in 2012–2013 [20,21]. The women recruited

to the trial were broadly age-representative of those routinely attending cervical screening

(Fig 3), except that a slightly lower proportion of trial participants were aged 25–29 years

(10.4% versus 13.0% of screening participants aged 25–64 years). A total of 80% of participants

were Australian-born, compared to 76% in the screening population, and 91% (of 54% overall

with status recorded) spoke English at home, compared to 84% (of 18% with status recorded)

in the general screening population.

For the LBC screening group, the initial observed high-grade cytology rate (ASC-H/HSIL)

was 0.1% (95% CI 0.0%–0.6%), and the low-grade cytology rate (ASCUS/LSIL) was 6.6% (95%

CI 5.2%–8.4%); 66.7% of participants with low-grade cytology were HPV-triage negative. Due

to the low rates of high-grade cytology observed, a blinded independent quality control (QC)

slide re-read was performed at another laboratory routinely performing LBC, Douglass Hanly

Moir Pathology, Sydney, Australia, after appropriate ethical approval was obtained and results

Fig 3. Participant age distribution, compared to those routinely attending cervical screening in Victoria. Data on women attending in Victoria for

cervical screening in Australia 2012–2013 are from the Australian Institute of Health and Welfare [21].

https://doi.org/10.1371/journal.pmed.1002388.g003
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were reported to the IDSMC. The weighted percentage agreement between the original and

re-read was 96.0%, and the weighted kappa-statistic was 0.56, representing moderate agree-

ment beyond chance. The IDSMC determined that the original reading had been appropriately

and adequately performed; the main findings reported here, therefore, are from the original

reading (more details on the QC re-reading process, results, and follow-up actions are pro-

vided in S3 Text). For HPV-screened women, the initial observed HPV16/18 rate was 1.2%

(95% CI 0.9%–1.6%). In the HPV+LBC triage group, 1.3% (95% CI 0.8%–1.8%) of participants

were HPV16/18 positive and 5.5% (95% CI 4.5%–6.6%) were OHR HPV positive; of the 109

participants who were OHR positive, 15 (13.8% [95% CI 7.9%–21.7%]) had an ASC-H/HSIL

result on their reflex LBC triage test and were referred to colposcopy. In the HPV+DS triage

group, 1.1% (95% CI 0.7%–1.7%) of participants were HPV16/18 positive and 6.0% (95% CI

5.0%–7.1%) were OHR HPV positive; of the 120 participants who were OHR positive, 32

(26.9% [95% CI 19.0%–35.5%]) had a positive result on their reflex dual-stained triage test and

were referred to colposcopy.

Fig 4 shows the referral rates for each group and stratum by referral pathway (whether

referred on the basis of the primary screening test, referred on the basis of a positive triage test,

or detected at 12-month follow-up). The overall colposcopy referral rate in the LBC screening

group was 2.7% (95% CI 1.8%–3.9%), in the HPV+LBC triage group was 3.8% (95% CI 3.0%–

4.7%), and in the HPV+DS triage group was 3.9% (95% CI 3.1%–4.9%). Overall, after adjusting

for HPV vaccination age eligibility, no significant difference (p = 0.09) was found between the

referral rates in the LBC-screened and all HPV-screened women (this was also the case when

the LBC QC re-reading results were used: p = 0.17 between LBC- and HPV-screened women).

For the HPV+DS triage group, the percentage of OHR HPV initially referred as a result of a

dual-stained positive result was approximately double that referred on the basis of a high-

grade LBC result in the HPV+LBC triage group, but after the 12-month follow-up was taken

into account, no significant difference was detected between the rates in the 2 HPV screening

groups overall (p = 0.89) (Fig 4). The initial colposcopy referral rates in each group (i.e.

referred on basis of primary screening or reflex triage test) were also compared to a historical

reference rate of 1.5%, which was the colposcopy referral rate observed in women aged 20–69

years in Victoria in 2013. The initial rate in the LBC screening group was significantly lower

than the reference rate (p = 0.02), the rate in the HPV+DS triage group was significantly higher

than the reference rate (p< 0.001), and the rate in the HPV+LBC triage group was not signifi-

cantly different from the reference rate (p = 0.06). However, this comparison with historical

data should be interpreted cautiously given that it included initial referrals only and the trial

did not include women who were currently under active surveillance for a previous abnormal-

ity, and the historical data reflects a mix of different indications for referral in a well screened

population.

Table 2 shows the confirmed CIN2+ and CIN3+ rates in each group. The overall CIN2+

rates in the LBC screening, HPV+LBC triage, and HPV+DS triage groups were 0.1%, 1.0%,

and 1.2%, respectively, and the corresponding CIN3+ rates were 0.1%, 0.7%, and 0.8%, respec-

tively. A significant difference (p = 0.003) was identified between the CIN2+ rates in the LBC-

screened versus all HPV-screened women combined, but no significant difference was identi-

fied between overall CIN2+ rates in the 2 HPV-screened groups (p = 0.62) after adjusting

for HPV vaccination eligibility. The overall positive predictive values (PPVs) for CIN2+ and

CIN3+ by referral mechanism are shown in Table 3. In the HPV-screened women, for the sub-

group of women immediately referred as HPV16/18 positive, the point estimates of the PPVs

for CIN2+ and CIN3+ were 40.0% and 32.0% in the HPV+LBC triage group and 39.1% and

30.4% in the HPV+DS triage group. The overall PPVs for CIN2+ and CIN3+, considering
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Fig 4. Estimated colposcopy referral rates by study group. (i) Women age-eligible for vaccination (�33

years in 2014) (N = 1,078). (ii) Women not age-eligible for vaccination (34+ years in 2014) (N = 3,917). (iii) All

study participants (N = 4,995). Bars represent 95% confidence intervals. Arm 1: LBC screening; arm 2: HPV

+LBC triage screening; arm 3: HPV+DS triage screening. DS, dual-stained; HPV, human papillomavirus;

LBC, liquid-based cytology.

https://doi.org/10.1371/journal.pmed.1002388.g004

Table 2. Case numbers and rates for detected CIN2+ and CIN3+, by age eligibility for vaccination.

Group CIN2+ CIN3+

LBC screening (N = 995)

Age-eligible for HPV vaccination (N = 211)

Rate 1 1

Percent 0.5% 0.5%

95% CI 0.0%–2.6% 0.0%–2.6%

Not age-eligible for HPV vaccination (N = 784)

Rate 0 0

Percent 0.0% 0.0%

95% CI 0.0%–0.5% 0.0%–0.5%

Total (N = 995)

Rate 1 1

Percent 0.1% 0.1%

95% CI 0.0%–0.6% 0.0%–0.6%

HPV+LBC triage screening (N = 1,992)

Age-eligible for HPV vaccination (N = 418)

Rate 11 9

Percent 2.6% 2.2%

95% CI 1.3%–4.7% 1.0%–4.0%

Not age-eligible for HPV vaccination (N = 1,574)

Rate 9 4

Percent 0.6% 0.3%

95% CI 0.3%–1.1% 0.1%–0.6%

Total (N = 1,992)

Rate 20 13

Percent 1.0% 0.7%

95% CI 0.6%–1.5% 0.3%–1.1%

HPV+DS triage screening (N = 2,008)

Age-eligible for HPV vaccination (N = 449)

Rate 13 9

Percent 2.9% 2.0%

95% CI 1.6%–4.9% 0.9%–3.8%

Not age-eligible for HPV vaccination (N = 1,559)

Rate 11 8

Percent 0.7% 0.5%

95% CI 0.4%–1.3% 0.2%–1.0%

Total (N = 2,008)

Rate 24 17

Percent 1.2% 0.8%

95% CI 0.8%–1.8% 0.5%–1.4%

CIN, cervical intraepithelial neoplasia; DS, dual-stained; HPV, human papillomavirus; LBC, liquid-based

cytology.

https://doi.org/10.1371/journal.pmed.1002388.t002
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both primary and triage referral mechanisms and 12-month follow-up, were 3.7% and 3.7%

for LBC screening, 26.7% and 17.3% for HPV+LBC triage, and 30.4% and 21.5% for HPV+DS

triage.

Table 3. PPVs for CIN2+ and CIN3+, by allocation group and referral pathway.

CIN grade and group Referral pathway

Referred on basis of primary

screening test*
Referred as reflex triage

positive*
Referred to colposcopy for the first time at

12-month follow-up test

All referrals

CIN2+

LBC screening (N = 995)

PPV 0/2 0/3 1/22 1/27

Percent 0.0% 0.0% 4.5% 3.7%

95% CI 0.0%–84.2% 0.0%–70.8% 0.1%–22.8% 0.0%–

19.0%

HPV+LBC triage

screening (N = 1,992)

PPV 10/25 8/15 2/35 20/75

Percent 40.0% 53.3% 5.7% 26.7%

95% CI 21.1%–61.3% 26.6%–78.7% 0.7%–19.2% 17.1%–

38.1%

HPV+DS triage screening

(N = 2,008)

PPV 9/23 13/34 2/22 24/79

Percent 39.1% 38.2% 9.1% 30.4%

95% CI 19.7%–61.5% 22.2%–56.4% 1.1%–29.2% 20.5%–

41.8%

CIN3+

LBC screening (N = 995)

PPV 0/2 0/3 1/22 1/27

Percent 0.0% 0.0% 4.5% 3.7%

95% CI 0.0%–84.2% 0.0%–70.8% 0.1%–22.8% 0.0%–

19.0%

HPV+LBC triage

screening (N = 1,992)

PPV 8/25 4/15 1/35 13/75

Percent 32.0% 26.7% 2.9% 17.3%

95% CI 14.9%–53.5% 7.8%–55.1% 0.0%–14.9% 9.6%–

27.8%

HPV+DS triage screening

(N = 2,008)

PPV 7/23 9/34 1/22 17/79

Percent 30.4% 26.5% 4.5% 21.5%

95% CI 13.2%–52.9% 12.9%–44.4% 0.1%–22.8% 13.1%–

32.2%

Overall, 181 women were referred to colposcopy; histological outcomes could be ascertained for 177 (98%), which are reported here; those for whom no

histology result was available were assumed to have not received biopsy and were thus considered as screen positive but without detected CIN2+ in this

intention-to-treat analysis.

*Each of these groups includes 2 women referred to colposcopy initially who had a histological result of a grade lower than CIN2 and were then referred for

follow-up at 12 months, and in whom CIN2+ was then detected at the 12-month colposcopy. See protocol (S1 Text).

CIN, cervical intraepithelial neoplasia; DS, dual-stained; HPV, human papillomavirus; LBC, liquid-based cytology; PPV, positive predictive value.

https://doi.org/10.1371/journal.pmed.1002388.t003
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In young women, previously age-eligible for vaccination, the overall colposcopy referral

rate and detected CIN2+ rate (including 12-month follow-up) for LBC screening were 10/211

(4.7% [95% CI 2.3%–8.5%]) and 1/211 (0.5% [95% CI 0.0%–2.6%]), respectively; for HPV

+LBC triage these were 34/418 (8.1% [95% CI 5.7%–11.2%]) and 11/418 (2.6% [95% CI 1.3%–

4.7%]), and for HPV+DS triage these were 40/449 (8.9% [95% CI 6.4%–11.9%]) and 13/449

(2.9% [95% CI 1.6%–4.9%]) (p = 0.81 between HPV screening groups; p = 0.05 for difference

in detected CIN2+ in cytology-screened women versus all HPV-screened women). In older

women, age-ineligible for vaccination, the colposcopy referral rate and detected CIN2+ rate

for cytology screening were 17/784 (2.2% [95% CI 1.3%–3.4%]) and 0/784 (0.0% [95% CI

0.0%–0.5%]), respectively; for HPV+LBC triage screening these were 41/1,574 (2.6% [95% CI

1.9%–3.5%]) and 9/1,574 (0.6% [95% CI 0.3%–1.1%]), and for HPV+DS triage screening these

were 39/1,559 (2.5% [95% CI 1.8%–3.4%]) and 11/1,559 (0.7% [95% CI 0.4%–1.3%]) (p = 0.64

between HPV screening groups; p = 0.02 for difference in detected CIN2+ in cytology-

screened women versus all HPV-screened women).

Follow-up for adverse events was done to 31 August 2016. Two deaths were reported in fol-

low-up for the HPV+LBC triage group (0.1% of participants in this group), and 2 deaths were

reported for the HPV+DS triage group (0.1% of participants in this group), but all 4 were clas-

sified as unrelated to the trial by the IDSMC. No other serious adverse events were reported.

Adverse events were reported in 1 participant in the LBC screening group (0.1%) and 1 partici-

pant in the HPV+LBC triage group (0.05%); these adverse events were related to management

of communication of screening results. No invasive cervical cancer cases (Stage Ia2 and above)

were reported in follow-up (it should be noted that 1 Stage Ia1 microinvasive cancer was

detected after the initial screen in the HPV+LBC triage group, but this is not an adverse event

since the invasive cancer was appropriately screen-detected). See S4 Text for more detail on

adverse events.

Discussion

Compass is, to our knowledge, the first randomized trial of cervical screening conducted in an

extensively HPV-vaccinated population and one of the first trials of HPV screening using a

partial genotyping strategy in which women with the highest risk HPV infections (HPV16 and

HPV18) are directly referred to colposcopy. In the current study, we have demonstrated

acceptably high rates of trial participation and, by implication, high rates of acceptability of

primary HPV screening at longer intervals. In this first analysis, we found an increased detec-

tion rate of high-grade precancerous disease (CIN2+) in the first round of screening for HPV-

screened compared to cytology-screened women, and for the first time, to our knowledge, we

have demonstrated that this increased detection rate is also seen in a population for whom the

younger cohort had been offered HPV vaccination, with high levels of vaccine uptake.

These findings for the relative benefits of HPV versus cytology screening are consistent

with those from earlier trials conducted in unvaccinated populations. Meta-analysis of 8 ran-

domised trials conducted mainly in Europe and North America found that in the first round

of screening, the relative sensitivity of HPV versus cytology for the detection of CIN2+ was

1.27 (95% CI 1.06–1.52) [22]. Longitudinal follow-up of trials in unvaccinated populations has

consistently demonstrated that this increased detection of CIN2/3, which is then treated, leads to

longer term protection against the development of CIN3 and invasive cervical cancer. A pooled

analysis of 4 European trials demonstrated that rates of invasive cervical cancer in HPV-screened

women are significantly and substantially lower than those in cytology-screened women at about

5–6 years of follow-up [1]. Our demonstration that this higher detection rate for CIN2+ in the

first screening round is observed in HPV-screened women even in a vaccinated population
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suggests that HPV screening will also provide increased long-term protection against cervical

cancer in this context.

Our estimates of the PPV of HPV16/18 test positivity for the concurrent detection of CIN2+

(up to about 27–30% when all referrals are considered) are broadly consistent with the baseline

screening round estimates for the predominantly unvaccinated women in the ATHENA trial.

However, because HPV infection is a predictor of future, as well as current, CIN2+ develop-

ment, the PPV for CIN2+ in ATHENA rose over the duration of 3 years of trial follow-up [8].

For example, for HPV16, the PPV for CIN2+ in ATHENA was>20% at baseline, rising to

about 30% over 3 years. In the Compass trial, and in the new HPV-based screening program for

Australia, women referred to colposcopy with HPV16/18 infection who do not have a detected

CIN2+ lesion are referred to ongoing 12-month surveillance and repeat colposcopy referral if

they remain HPV16/18 positive [25]; hence, there are ongoing opportunities to detect CIN2+ in

this group of higher risk women. Therefore, further follow-up analysis from this study and the

Compass main trial will provide important information about the long-term protective effect of

HPV screening in relation to that of cytology screening. The Compass main trial is powered to

detect a difference in the longitudinal rates of CIN3 and invasive cancer (CIN3+) at 5 years

between cytology-screened and HPV-screened women as the primary outcome.

The majority of prior trials of HPV screening have involved testing for a pool of oncogenic

types and triaging all HPV-positive women using cytology. The current analysis also provides,

to our knowledge for the first time in a randomised trial, key findings for colposcopy referral

rates in the first round of screening when using a partial genotyping strategy for HPV screen-

ing starting at age 25 years in a vaccinated population. We found that the initial colposcopy

referral rate in women screened with HPV+LBC triage testing was not significantly higher

than a historical reference rate (1.5%); initial referrals would have been expected to be substan-

tially higher for partial genotyping-based HPV screening in the pre-vaccination era, when

rates of HPV16/18 infection in young women were much higher [26]. An earlier US-based

trial of HPV screening with partial genotyping starting at age 25 years conducted in a predom-

inantly unvaccinated population, ATHENA, found that rates of detected HPV16/18 infection

were almost 6% in women aged 25–34 years [24], compared to approximately 2% as observed

in the current study for a similar age group (Fig 4). However, in relation to the interpretation

of our findings for colposcopy referral rates, it should be noted that in this initial study we

enrolled only women who were presenting for routine screening, and therefore it is likely that

the initial referral and abnormality rates observed will be somewhat lower than those in the

program overall, where referrals from women presenting for follow-up surveillance testing are

also considered. The next phase of Compass has been designed to address these issues since, in

the Compass main trial, recruitment of women in follow-up is also being performed.

When we considered the additional colposcopy referrals after 12 months follow-up testing,

our finding of a difference in the overall colposcopy referral rate between cytology-screened

and HPV-screened women was not significant, although the point estimates for referral rates

in women in each HPV-screened group were 41%–44% higher than in cytology-screened

women. A recent modelled analysis of anticipated health resource utilisation after the transi-

tion from cytology screening to primary HPV screening in Australia has suggested that colpos-

copy referrals could transiently increase by around 50% in the first round of HPV screening

[27], which is broadly consistent with our results. Evidence from trials and modelling [22,27]

suggests that this increased referral rate for HPV screening in the first round results in large

part from an increased sensitivity for CIN2+ and thus represents increased detection of preva-

lent precancerous disease; it is expected that colposcopy referral rates after the transition to the

HPV screening program will decrease in later screening rounds, which will then be detecting

mainly incident disease. Although, for the reasons cited above, careful interpretation of our
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findings for referral rates is required, the current results do provide important initial information

on the health service implications of implementing partial genotyping strategies for HPV16/18

in a population vaccinated against these same genotypes. This is important because the partial

genotyping screening strategy allows for a highly integrated approach to screening and vaccina-

tion; the same screening and management pathways can be used independently of a woman’s

vaccination status, which will not necessarily be known at the time of screening [23].

Our analysis has some limitations. We did not have information on individual women’s

vaccination status, because vaccination occurred several years prior to screening; future work

will involve post hoc linkage of data on Compass participants to Australia’s National HPV

Vaccination Program Register to determine vaccination timing and dose status for individual

participants. Our findings reflect a previously well-screened population and are most directly

applicable to settings in which relatively high coverage has already been achieved for cervical

screening. Since we excluded women currently under follow-up surveillance after treatment,

and since women are more likely to be treated at a younger age, it is possible that this might

have had an impact on the study population. However, it should be noted that the age distribu-

tion of our study population was broadly representative of the age distribution of women pre-

senting for cervical screening in Victoria, although we did have a slightly lower proportion

aged 25–29 years. As discussed above, more information will be obtained from the next phase

of the trial, in which recruitment of women in follow-up is also being performed. Our finding

of a low rate of high-grade cytology and detected CIN2+ in the LBC screening group was

somewhat unexpected, but likely reflects the lower risk population recruited, which included

only those presenting for routine screening (although participating women may have had a

prior abnormality in the past, we did not recruit those currently under surveillance follow-up

for a previous low-grade abnormality or prior CIN2/3 treatment). A complete QC re-read at

an independent laboratory identified no additional histologically confirmed CIN2+ disease,

and the rate of low-grade abnormalities (about 7%) was consistent with rates routinely

observed in the laboratory. It is possible that this low rate of disease detection by cytology

reflects the impact of vaccination against HPV16/18 in the population, and future analysis of

data from the Compass main trial is expected to provide more detailed estimates on the cytol-

ogy rates by age stratum. Recent analysis of Victorian data on detected CIN2+ rate with the

current cytology-based program in women aged 25–29 years suggests a rate of about 2% in

2011, decreasing to about 1.5% in 2014 [15], and this decrease has been attributed to vaccine

impact. In our study, in young women age-eligible for vaccination (�33 years in 2014), the

overall detected CIN2+ rate (including CIN2+ detected at 12-month surveillance) for LBC

screening in 2014–2015 was 0.5%; this lower point estimate compared to that in the Victorian

program data (general population presenting for screening) is consistent with the lower risk

profile expected in the study group. However, it should be noted that the 95% confidence inter-

val for the trial estimate extends up to 2.6%, which is consistent with the observed data in the

Victorian population. In Victoria, 2014 rates of CIN2+ in women>40 years in 2014 were about

0.3% [15], which is also broadly consistent with the trial estimate of 0.0% (95% CI 0.0–0.5) for

cytology screening in the older cohort age-ineligible for vaccination. Over time, it is expected

that the ongoing impact of vaccination on younger cohorts will work to reduce CIN2+ rates fur-

ther and to extend the vaccination effect to older ages as vaccinated cohorts mature.

We have reported initial results on the performance of dual-stained cytology using p16/

Ki67 in the direct management of the subgroup of HPV-positive women who have other high-

risk (not HPV16/18) infections. Compared to using LBC with a high-grade cytology threshold

as a triage test for referral, we found an approximate doubling of initial referrals when using

dual-stained cytology as a triage test. However, once the additional cases detected at 12-month

surveillance of triage-negative women were taken into account, we did not detect a significant
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difference between the 2 HPV triaging strategies, which had similar overall referral rates and

PPVs. Further analysis from the Compass main trial is expected to provide more detailed data

on the accuracy of dual-stained cytology for triaging HPV-positive women in screening pro-

grams. Future results will also yield detailed information on the loss to follow-up experienced

for women referred to 12-month surveillance, which might act to decrease the “effective” rela-

tive performance of LBC compared to dual-stained triage testing, since a higher proportion of

disease was found during surveillance after LBC triage. The performance of dual-stained cytol-

ogy has future implications for workforce planning, since there is the potential to automate

dual-stained cytology, and as countries transition to longer interval HPV screening, there are

likely to be significant fluctuations in test volumes for triage tests, as well as for the numbers of

primary screening tests [27]. The automation of the triage testing process, as well as of the pri-

mary screening step, will therefore be of potential importance in the practical implementation

of large-scale HPV-based screening programs.

Because the Compass trial is acting as a sentinel experience for program transition, the find-

ings reported here are directly informing several aspects of the implementation of Australia’s

new screening program, which is due to transition to primary HPV screening on 1 December

2017. For example, the HPV test positivity rates reported here have underpinned the design of

new quality assurance processes that describe the expected rates to be observed in individual lab-

oratories. The trial will also underpin national safety monitoring processes for the new screening

program, since it will continue to provide early information on how HPV test positivity rates,

colposcopy referral rates, and detected abnormality rates change over time as the impact of HPV

vaccination continues to change outcomes in the screening program as vaccinated cohorts age.

Our findings also have relevance for other countries currently transitioning to primary HPV

screening in the context of vaccination. These results represent, to our knowledge, the first dem-

onstration of partial genotyping strategies for primary HPV screening in a vaccinated population

and provide the first evidence that HPV screening is associated with increased detection of cervi-

cal precancerous lesions in vaccinated, as well as unvaccinated, populations.
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