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a b s t r a c t 

Background: Internationally, self-sampling for human papillomavirus (HPV) has been shown to increase 

participation in cervical-cancer screening. In Aotearoa New Zealand, there are long-standing ethnic in- 

equalities in cervical-cancer screening, incidence, and mortality, particularly for indigenous M ̄aori women, 

as well as Pacific and Asian women. 

Methods: We invited never- and markedly under-screened ( ≥5 years overdue) 30-69-year-old M ̄aori, Pa- 

cific, and Asian women to participate in an open-label, three-arm, community-based, randomised con- 

trolled trial, with a nested sub-study. We aimed to assess whether two specific invitation methods for 

self-sampling improved screening participation over usual care among the least medically served pop- 

ulations . Women were individually randomised 3:3:1 to: clinic-based self-sampling (CLINIC – invited to 

take a self-sample at their usual general practice); home-based self-sampling (HOME – mailed a kit and 

invited to take a self-sample at home); and usual care (USUAL – invited to attend a clinic for collection of 

a standard cytology sample). Neither participants nor research staff could be blinded to the intervention. 

In a subset of general practices, women who did not participate within three months of invitation were 

opportunistically invited to take a self-sample, either next time they attended a clinic or by mail. 

Findings: We randomised 3,553 women: 1,574 to CLINIC, 1,467 to HOME, and 512 to USUAL. Partici- 

pation was highest in HOME (14.6% among M ̄aori, 8.8% among Pacific, and 18.5% among Asian) with 

CLINIC (7.0%, 5.3% and 6.9%, respectively) and USUAL (2.0%, 1.7% and 4.5%, respectively) being lower. 

In fully adjusted models, participation was statistically significantly more likely in HOME than USUAL: 

M ̄aori OR = 9.7, (95%CI 3.0-31.5); Pacific OR = 6.0 (1.8-19.5); and Asian OR = 5.1 (2.4-10.9). There were no 

adverse outcomes reported. After three months, 2,780 non-responding women were invited to participate 

in a non-randomised, opportunistic, follow-on substudy. After 6 months,192 (6.9%) additional women had 

taken a self-sample. 

Interpretation: Using recruitment methods that mimic usual practice, we provide critical evidence that 

self-sampling increases screening among the groups of women (never and under-screened) who expe- 

rience the most barriers in Aotearoa New Zealand, although the absolute level of participation through 
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this population approach was  

required intensive support. 

Trial registration: ANZCTR Iden  

anzctr.org.au/Trial/Registration/T

Funding: Health Research Coun

Protocol: http://publichealt

screening- a- community- trial.pd
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Research in context 

Evidence before this study 
Internationally, the accuracy of human papillomavirus 

(HPV) self-sampling for cervical-cancer screening has been 

shown to be similar to healthcare-professional-taken samples 
when tested for high-risk (hr) HPVs using polymerase chain 

reaction (PCR). Most studies to date have targeted dominant 
population groups or socioeconomically deprived populations 
rather than indigenous or ethnic-minority groups, who are 
underserved in many health systems. 

In Aotearoa New Zealand, M ̄aori and Pacific women have 
higher cervical cancer incidence and mortality rates than 

European/Other women and lower screening rates. Asian 

women also have lower screening rates, although their in- 
cidence is lower than European/Other women and mortality 
rates are similar. 

It is not established whether offering self-sampling to in- 
digenous and other underserved minorities in the setting of 
standard population-based (as opposed to intensive face-to- 
face) recruitment methods improves uptake of the opportu- 
nity to be screened. 

Added value of this study 
We concentrated on the least served high-priority popu- 

lations of never- and underscreened M ̄aori, Pacific, and Asian 

women in a trial designed to reflect how self-sampling would 

most probably be implemented in Aotearoa New Zealand. 
We aimed to evaluate whether two specific invitation 

methods for self-sampling could increase screening participa- 
tion. We also sought to obtain information on the resources 
required to achieve 90% follow-up of hrHPV-positive women. 

In a randomised community trial involving 3,553 women, 
participation was statistically significantly more likely among 
those offered the opportunity to take their own sample at 
home than those offered a standard smear: M ̄aori were 9.7 
times more likely, Pacific 6.0 times more likely and Asian 5.1 
time more likely to take their own sample at home than un- 
dergo a standard cervical smear. 

Implications of all the available evidence 
Inequities in cervical-cancer screening, incidence, and 

mortality outcome remain high among indigenous and other 
minority women and especially among M ̄aori in Aotearoa 
New Zealand. Adding the opportunity to take their own sam- 
ples at home for HPV testing as a standard practice is likely 
to reduce those inequities among indigenous women. Needed 

resources for follow-up of those with positive findings are 
manageable with existing resources. 

ackground 

Internationally, the accuracy of human papillomavirus (HPV) 

elf-sampling for cervical-cancer screening has been shown to be 

imilar to healthcare-professional-taken samples when tested for 

igh-risk (hr) HPVs using polymerase chain reaction (PCR) [1-5] . 

ffering self-sam pling im proves participation [6] , with differences 
2 
modest. Follow-up for most women was routine but a small proportion

tifier: ACTRN126180 0 0367246 (date registered 12/3/2018) https://www.

rialReview.aspx?id=371741&isReview=true ; UTN: U1111-1189-0531 

cil of New Zealand (HRC 16/405) 

h.massey.ac.nz/assets/Uploads/Study- protocol- V2.1Self- sampling- for- HPV- 

f 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license
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n that improvement shown when it is offered at a population level 

 i.e., mail-out to all potentially eligible women) compared to when 

t is offered at the individual level ( i.e., face-to-face) [2] . However, 

ost studies have been targeted at the dominant population group 

r socioeconomically deprived populations and not Indigenous or 

thnic-minority groups, who are underserved in many health sys- 

ems [ 7 , 8 ]. 

In Aotearoa New Zealand, the success of the National Cervical 

creening Programme (NCSP) has not been equitable for M ̄aori (the 

ndigenous people of Aotearoa New Zealand), Pacific, and Asian 

omen. M ̄aori and Pacific women have higher cervical cancer in- 

idence and mortality rates than European/Other women [9] and 

ower screening rates [9] . Asian women also have lower screen- 

ng rates [9] , although incidence is lower among Asian women 

han European/Other women and mortality rates are similar [9] . 

lthough the women who do not participate in screening are of- 

en referred to as ‘hard-to-reach’ or ‘disengaged’, we consider the 

nequities a systems issue and therefore refer to these groups as 

nderserved. 

The majority of cervical cancer cases in Aotearoa New Zealand 

ccur in women who have never been screened or are under- 

creened [ 10 , 11 ]. There have been a variety of measures intro- 

uced to increase screening rates, but these have underperformed. 

he longstanding nature of the problem shows that novel strate- 

ies are needed. As Aotearoa New Zealand transitions to primary 

PV-based screening, there is an opportunity to introduce self- 

ampling. 

The World Health Organization’s strategy to accelerate the elim- 

nation of cervical cancer notes the need to examine screening 

mplementation in the local context [12] . One recent study of 

elf-testing in Aotearoa New Zealand assessed the impact of in- 

ense recruitment of all overdue women [13] . In contrast, our ap- 

roach concentrated on the least served high-priority populations 

f never- and under-screened M ̄aori, Pacific, and Asian women and 

as designed to reflect how self-sampling will probably be imple- 

ented in Aotearoa New Zealand. We aimed to evaluate whether 

wo specific invitation methods for self-sampling could increase 

creening participation. We also sought to obtain information on 

he resources required to achieve 90% follow-up of hrHPV-positive 

omen. Our study is the first to evaluate the effectiveness of a 

ailed self-sampling kit for cervical-cancer screening in Aotearoa 

ew Zealand. 

ethods 

We have published the study objectives and methods (includ- 

ng the exclusion criteria and the main study interventions) previ- 

usly [14] . Briefly, this was an open-label, three-arm, community- 

ased, randomised controlled trial, with a non-randomised follow- 

n sub-study. We invited never- and under-screened (no screening 

ecorded for at least the last five years [15] ) 30-69-year-old M ̄aori, 

acific, and Asian women in the Auckland area (Waitemat ̄a and 

uckland District Health Boards (DHBs)). 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=371741&isReview=true
http://publichealth.massey.ac.nz/assets/Uploads/Study-protocol-V2.1Self-sampling-for-HPV-screening-a-community-trial.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Participating clinics were selected because they had enrolled 

opulations with high proportions of M ̄aori, Pacific, and Asian 

omen who were never- or under-screened. Clinics were also se- 

ected to represent a range of small and large clinics. 

Women were individually randomised 3:3:1 to: clinic-based 

elf-sampling, in which women were invited to take a self-sample 

t their usual general practice (GP); home-based self-sampling, in 

hich women were mailed a kit and invited to take a self-sample 

t home; and usual care, in which women were offered standard 

ytology (at a clinic, at an independent service provider, or with 

he study nurse). Randomisation was undertaken as follows: the 

linics sent a list of women who had been identified as being eli- 

ible for the study to the study programmer who used the RAND 

unction in MySQL to place them in random order. The system then 

) counted the number of patients already assigned to each arm 

nd b) randomly allocated – to a study arm – the next woman in 

he randomly ordered list to maintain the required ratio across the 

hree arms. 

Women were directed to the study webpage with translated 

tudy documents and study video clips (with subtitles in Te Reo 

 ̄aori, Tongan, Samoan, Korean, and Simplified Chinese). Participa- 

ion was confirmed through the NCSP-Register, GP records, or re- 

eipt of a sample at the lab. All tests were without charge. Prior to 

oining the study, clinic staff were trained in study procedures and 

eturning results to women. 

Women in the self-sampling arms were given a FLOQSwab TM 

Copan Italia, Brescia, Italy), with which to take a low-vaginal sam- 

le and a 12 mL dry tube (Sarstedt AG & Co. KG, Germany) for 

ample transportation. HPV testing was carried out with the cobas 

800 HPV assay (Roche Molecular Systems, Pleasanton, California, 

SA) at a single laboratory: Anatomic Pathology Service (the Inter- 

ational Accreditation New Zealand (IANZ) Accredited laboratory of 

uckland DHB). 

on-randomised follow-on sub-study invitation 

In a subset of clinics, women (including those originally ran- 

omised to usual care) who had not responded three months after 

heir invitation were sent a letter or text message informing them 

hat they could self-sample at their clinic or request that a self- 

ampling kit be mailed to them, both for a limited period of time 

6 or 9 months; the difference was due to study-duration limits). 

omen were able to take the sample at the clinic or take the kit 

ome. 

ample size and power 

We aimed to invite a minimum of 3,550 un- or under-screened 

 ̄aori, Pacific, and Asian women (1,050, 1,250, 1,250 respectively). 

ith 450 M ̄aori women invited in the clinic self-sampling group 

nd 150 M ̄aori women invited to usual-care, we would have > 85% 

ower to detect a 10% difference in uptake between groups ( e.g. , 

5% uptake in the clinic group and 5% usual-care) [14] . For both 

olicy and cultural reasons, we planned to undertake separate 

nalyses by ethnic group as described in our clinical trial registra- 

ion and protocol paper [14] . For completeness, we also report on 

 formal interaction analysis to establish whether there were dif- 

erences in the impact of the different arms across ethnic groups. 

esults management 

Negative results were provided to women by the usual primary- 

are provider and, with agreement from the NCSP, women were 

dvised to return for a routine cervical screen at the appropri- 

te clinical interval (3-year recall interval) [15] , as specified by the 
3 
CSP guidelines and an amended approach to the proposed HPV 

rimary-screening algorithm. 

Women with inadequate or abnormal cytology were followed- 

p according to the NCSP guidelines [15] by the requesting smear- 

aker. 

Positive HPV results were managed as per the NCSP guidelines, 

ith adjustments in accordance with NCSP clinical advice [16] . 

omen who tested HPV16/18 positive were referred directly to 

olposcopy. The pool of 12 other hrHPV genotypes covered by the 

obas HPV test includes 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,

nd 68. Along with types 16 and 18, these HPV’s were designated 

arcinogenic to humans by a working group convened by the In- 

ernational Agency for Research on Cancer in 2005 [ 17 , 18 ]. Women

ho tested positive for any of these other hrHPV types were 

riaged with a clinician-conducted cervical-cytology test; however, 

f a woman declined cytology, she was offered colposcopy to en- 

ure safe follow-up. 

tatistical analysis 

The main analyses focused on the primary outcome of the 

tudy: participation, i.e. the proportion of women who provided a 

elf-sample compared with the proportion who attended for cy- 

ology, stratified by ethnicity. These data were initially assessed 

imply by comparing (with Pearson’s x 2 -tests) the proportions who 

articipated in each group and by logistic regression models to ad- 

ust for potential confounders (study group, age group, screening 

istory, and socioeconomic status (assessed through a measure of 

mall area relative deprivation; the New Zealand Deprivation Index 

018 (NZDep) [19] ). We report here the intention-to-treat analyses. 

The laboratory turnaround time (date received to date reported) 

nd proportion of unsatisfactory samples was monitored. 

Statistical analyses were done using Stata 15.1 (Stata Corp LLC, 

ollege Station, TX, USA). 

thics requirements 

The study was approved by the New Zealand Northern B Health 

nd Disability Ethics Committee (HDEC) (reference: 17/NTB/120). 

he New Zealand Ministry of Health (including the National Kaiti- 

ki Group (a group of M ̄aori women established to monitor the 

afe use of M ̄aori data within the NCSP)) and the participating 

HBs, primary health organisations and clinics approved the use 

f data to identify and contact eligible women. 

ole of the funding source 

The funder had no role in any aspect of the study, other than 

unding the grant application that provided the financial resources 

o conduct the study. 

esults 

Twenty-three clinics agreed to participate, through which we 

dentified 5,546 women who were initially considered eligible for 

he study. Of these, 853 (853/5,546, 15%) were excluded prior to 

eing sent a pre-invitation ( Figure 1 and Supplementary Table 

). Recruitment began 8 th June 2018. After being sent the pre- 

nvitation, a further 128 (128/4,693, 3%) women were excluded 

nd 37 opted out. A further 900 women (900/4,528, 20%) were 

xcluded after being randomised and 75 opted out, leaving 3,553 

andomised women. Exclusions were proportionally similar by eth- 

icity for the major contributors of hysterectomy, pregnancy, and 

ymptoms; however, exclusions for previous high-grade cytology 

ere higher for M ̄aori (60%) than for Pacific (26%) and Asian 

omen (14%). Recruitment ended 13 th May 2020. 
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Figure 1. CONSORT flowchart of participation 

NCSP-R: National Cervical Screening Programme-Register; NZ: Aotearoa New Zealand; PHO: Primary Health Organisation; SS: self-sampling. 

Table 1 

Participant demographics 

Overall 

n (%) 

Ethnic group Previous screening history 

M ̄aori n (%) Pacific n (%) Asian n (%) Never screened n (%) Under-screened n (%) 

Median age 44.0 45.1 45.0 41.9 40.0 46.5 

Age group 

30-39 1,352 (38.1) 364 (33.9) 438 (35.0) 550 (44.8) 783 (50.1) 569 (28.6) 

40-49 955 (26.9) 310 (28.9) 356 (28.5) 289 (23.5) 339 (21.7) 616 (31.0) 

50-59 759 (21.4) 258 (24.0) 306 (24.5) 195 (15.9) 231 (14.9) 528 (26.5) 

60-69 487 (13.7) 141 (13.1) 151 (12.1) 195 (15.9) 210 (13.4) 277 (13.9) 

Ethnicity 

M ̄aori 1,073 (30.2) - - - 234 (21.8) 839 (78.2) 

Pacific 1,251 (35.2) - - - 490 (39.2) 761 (60.8) 

Asian 1,229 (34.6) - - - 839 (68.3) 390 (31.7) 

Previous screening history 

Never screened 1,563 (44.0) 234 (21.8) 490 (39.2) 839 (68.3) - - 

Under-screened 1,990 (56.0) 839 (78.2) 761 (60.8) 390 (31.7) - - 

NZDep2018, quintile 

1 (least deprived) 270 (7.6) 62 (5.8) 44 (3.5) 164 (13.3) 131 (8.4) 139 (7.0) 

2 466 (13.1) 126 (11.7) 90 (7.2) 250 (20.3) 227 (14.5) 239 (12.0) 

3 679 (19.1) 173 (16.1) 205 (16.4) 301 (24.5) 322 (20.7) 357 (17.9) 

4 959 (27.0) 295 (27.5) 351 (28.1) 313 (25.5) 424 (27.1) 535 (26.9) 

5 (most deprived) 1,178 (33.2) 417 (38.9) 560 (44.8) 201 (16.4) 458 (29.3) 720 (36.2) 

Missing 1 (0.0) 0 1 (0.1) 0 1 (0.1) 0 

Column percentages add to 100% (apart from rounding). NZDep: New Zealand Deprivation Index 2018. 
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The median age of the participants was 44 years (interquartile 

ange 36-55 years; Table 1 ). Slightly fewer M ̄aori women (1,073) 

ere randomised than Pacific (1,251) and Asian (1,229) women and 

 slightly higher proportion of Asian women (68%) were in the 

oungest two age categories (30-39 and 40-49 years) than M ̄aori 

63%) and Pacific (64%) women. A higher proportion of never- 

creened women (72%) than under-screened women (60%) were 

n the youngest two age categories and more Asian women (68%) 

han M ̄aori (22%) and Pacific (39%) women were never screened. 

verall, approximately 60% of the women lived in areas of high 

ocioeconomic deprivation (quintiles four and five). 

The highest participation proportions for the initial three- 

onth period (the randomised phase) were in the home-based 

roup (14.0%, p < 0.0 0 01 compared to usual care); compared with 

.4% in the clinic-based group and 2.7% in the usual-care group 

 Table 2 ). Participation was higher in the home-based group than 
4 
ither the clinic-based or usual-care groups across all of the demo- 

raphic variables (although the differences were not always sta- 

istically significant). The pattern was similar for the clinic-based 

roup in comparison to the usual-care group. M ̄aori (14.6%) and 

sian (18.5%) women had greater participation than Pacific women 

8.8%) in the home-based group. Participation proportions gener- 

lly decreased as deprivation level increased in the clinic-based 

nd home-based groups, but this pattern was not seen in the 

sual-care group. 

Figure 2 shows the proportion of women screened up to 90 

ays after invitation (randomised phase). Women randomised to 

he home-based group appeared to take a sample earlier after re- 

eiving an invitation than women who were randomised to clinic- 

ased and usual-care groups ( Figure 2 a). 

Previous screening history did not have a large impact on par- 

icipation: among the never-screened, home-based participation 
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Table 2 

Participation proportions during main randomised phase (90 days from invite) 

Randomised group Took a sample Participation proportion 

Clinic-based 

self-sampling 

n (%) 

Home-based 

self-sampling 

n (%) 

Usual care 

n (%) 

Clinic-based 

self-sampling 

n 

Home-based 

self-sampling 

n 

Usual 

care 

n 

Clinic-based 

self-sampling 

% 

Clinic Pearson 

χ2 ’versus’ 

usual care 

p 

Home-based 

self-sampling 

% 

Home Pearson 

χ2 ’versus’ 

usual care 

p 

Self-sampling 

groups 

combined 

% 

Combined 

Pearson χ2 

’versus’ usual 

care 

p 

Usual care 

% 

All 1574 (44.3) 1467 (41.3) 512 (14.4) 100 205 14 6.4 0.002 14.0 0.000 10.0 0.000 2.7 

Age group 

30-39 578 (36.7) 577 (39.3) 197 (38.5) 29 87 5 5.0 0.142 15.1 0.000 10.0 0.001 2.5 

40-49 434 (27.6) 376 (25.6) 145 (28.3) 35 48 5 8.1 0.058 12.8 0.002 10.2 0.009 3.4 

50-59 341 (21.7) 311 (21.2) 107 (20.9) 21 40 1 6.2 0.029 12.9 0.000 9.4 0.003 0.9 

60-69 221 (14.0) 203 (13.8) 63 (12.3) 15 30 3 6.8 0.561 14.8 0.035 10.6 0.146 4.8 

Ethnicity 

M ̄aori 469 (29.8) 451 (30.7) 153 (29.9) 33 66 3 7.0 0.020 14.6 0.000 10.8 0.001 2.0 

Pacific 569 (36.1) 502 (34.2) 180 (35.2) 30 44 3 5.3 0.040 8.8 0.001 6.9 0.007 1.7 

Asian 536 (34.1) 514 (35.0) 179 (35.0) 37 95 8 6.9 0.246 18.5 0.000 12.6 0.002 4.5 

Screening history 

Never screened 704 (44.7) 657 (44.8) 202 (36.5) 44 96 6 6.3 0.072 14.6 0.000 10.3 0.001 3.0 

Under- screened 870 (55.3) 810 (55.2) 310 (60.5) 56 109 8 6.4 0.010 13.5 0.000 9.8 0.000 2.6 

Ethnicity & Screening 

history 

M ̄aori never screened 109 (23.2) 101 (22.4) 24 (15.7) 8 13 0 7.3 0.171 12.9 0.063 10.0 0.104 0.0 

M ̄aori under-screened 360 (76.8) 350 (77.6) 129 (84.3) 25 53 3 6.9 0.053 15.1 0.000 11.0 0.002 2.3 

Pacific never screened 236 (41.5) 192 (38.3) 62 (34.4) 12 17 2 5.1 0.538 8.9 0.143 6.8 0.283 3.2 

Pacific under-screened 333 (58.5) 310 (61.8) 118 (65.6) 18 27 1 5.4 0.034 8.7 0.003 7.0 0.010 0.8 

Asian never screened 359 (66.9) 364 (70.8) 116 (64.8) 24 66 4 6.7 0.198 18.1 0.000 12.4 0.004 3.4 

Asian under-screened 177 (33.0) 150 (29.2) 63 (35.2) 13 29 4 7.3 0.791 19.3 0.017 12.8 0.143 6.3 

NZDep2018, quintile 

1 (least deprived) 132 (8.4) 105 (7.2) 33 (6.4) 8 23 2 6.1 1.000 21.9 0.039 13.1 0.249 6.1 

2 203 (12.9) 188 (12.8) 75 (14.6) 18 38 1 8.9 0.027 20.2 0.000 14.3 0.002 1.3 

3 287 (18.2) 290 (19.8) 102 (19.9) 22 44 2 7.7 0.040 15.2 0.000 11.4 0.003 2.0 

4 437 (27.8) 387 (26.4) 135 (26.4) 32 57 4 7.3 0.068 14.7 0.000 10.8 0.004 3.0 

5 (most deprived) 515 (32.7) 497 (33.9) 166 (32.4) 20 43 5 3.9 0.604 8.7 0.015 6.2 0.100 3.0 

Missing 0 0 1 (0.2) 0 0 0 - - - - - - - 

Column percentages add to 100% (apart from rounding). P value: Pearson’s x 2 vs. usual care. NZDep: New Zealand Deprivation Index 2018. 
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Figure 2. Participation proportions during main randomised phase (90 days from invite) 

A: Participation proportion by randomised group; B-D: Participation by ethnicity: (B: Clinic group; C: Home-based group; D: Usual-care group.) Note that these graphs are 

on different scales to ensure that the detail within each is clear. 
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as 14.6% and under-screened participation was 13.5%; clinic par- 

icipation was 6.3% and 6.4%, respectively; and usual-care partici- 

ation 3.0% and 2.6% respectively ( Table 2 ). 

Unadjusted regression stratified by ethnicity showed that par- 

icipation in the three-month randomised phase was statistically 

ignificantly higher in the home-based group than in the usual- 

are group (M ̄aori: OR 8.6; 95%CI 2.7-27.7; Pacific: 5.7; 1.7-18.5; 

nd Asian: 4.9; 2.3-10.2; Table 3 ), although the confidence inter- 

als were wide. The ORs remained largely unchanged – and sta- 

istically significant – in the fully adjusted model. Formal interac- 

ion analysis showed that there were no statistically significant dif- 

erences in the impact of the different arms across ethnic groups 

data not shown). M ̄aori women aged 60-69 years had more than 

wice the odds of participation (2.6; 1.4-4.6) of women aged 30- 

9 years, whereas Asian women aged 60-69 years had lower odds 

0.5; 0.3-1.0). Asian women in NZDep quintile 4 had lower odds of 
6 
articipation (0.5; 0.3-0.9) than Asian women living in the least- 

eprived area. Again, these estimates remained largely unchanged 

n the fully adjusted models ( Table 3 ). 

There were no adverse outcomes reported. 

In order to test whether the setting of a formal clinical trial 

rovides only a floor for the estimate of acceptability in this un- 

erserved population, 2,780 non-responding women (1,284 clinic, 

,070 home-based, and 426 usual-care) were invited to participate 

n a non-randomised follow-on substudy involving only the oppor- 

unity to self-sample. After 6 months, 192 (6.9%: 7.0% clinic-group; 

.5% home-based; and 10.1% usual-care) had taken a self-sample. 

he clinics that started recruitment early in the study facilitated 

pportunistic participation up to 9 months and this yielded a fur- 

her 34 self-samples, again with a somewhat higher uptake among 

hose originally randomised to usual-care (7.5%) than among the 

wo self-sampling arms (2.4%). Participation in this substudy was 
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Figure 2. Continued 

Table 3 

Odds of participation during the randomised phase (up to 90 days after invitation) 

Odds ratio (95% CI) of participation 

Unadjusted Adjusted for study group, screening history, NZDep & age group 

M ̄aori Pacific Asian M ̄aori Pacific Asian 

Study group 

Clinic 3.8 (1.1-12.5) 3.3 (1.0-10.9) 1.6 (0.7-3.5) 4.1 (1.2-13.5) 3.3 (1.0-11.0) 1.6 (0.7-3.5) 

Home 8.6 (2.7-27.7) 5.7 (1.7-18.5) 4.8 (2.3-10.2) 9.7 (3.0-31.5) 6.0 (1.8-19.5) 5.1 (2.4-10.9) 

Usual care Ref Ref Ref Ref Ref Ref 

Age group 

Age 30-39 Ref Ref Ref Ref Ref Ref 

Age 40-49 1.4 (0.8-2.4) 1.2 (0.7-2.2) 0.9 (0.6-1.4) 1.3 (0.8-2.3) 1.3 (0.7-2.4) 0.9 (0.5-1.4) 

Age 50-59 1.0 (0.6-1.9) 1.1 (0.6-2.1) 0.9 (0.6-1.5) 1.0 (0.5-1.8) 1.2 (0.7-2.4) 0.8 (0.5-1.3) 

Age 60-69 2.6 (1.4-4.6) 1.2 (0.6-2.6) 0.5 (0.3-1.0) 2.6 (1.4-4.7) 1.2 (0.6-2.6) 0.5 (0.3-0.9) 

Screening history 

Never screened 0.9 (0.6-1.5) 1.0 (0.7-1.7) 0.9 (0.6-1.4) 0.9 (0.5-1.6) 1.1 (0.6-1.7) 0.9 (0.6-1.3) 

Underscreened Ref Ref Ref Ref Ref Ref 

NZDep2018, quintile 

1 (least deprived) Ref Ref Ref Ref Ref Ref 

2 1.4 (0.5-4.2) 1.0 (0.2-4.1) 1.0 (0.6-1.7) 1.8 (0.6-5.5) 0.9 (0.2-3.9) 0.9 (0.5-1.7) 

3 1.8 (0.7-5.0) 0.7 (0.2-2.7) 0.7 (0.4-1.2) 2.2 (0.8-6.2) 0.7 (0.2-2.5) 0.6 (0.3-1.1) 

4 1.7 (0.6-4.5) 1.3 (0.4-4.4) 0.5 (0.3-0.9) 2.0 (0.8-5.5) 1.2 (0.4-4.3) 0.4 (0.2-0.8) 

5 (most deprived) 0.6 (0.2-1.7) 0.7 (0.2-2.5) 0.6 (0.3-1.1) 0.7 (0.3-2.0) 0.7 (0.2-2.3) 0.5 (0.3-1.0) 

95%CI: 95% confidence interval; NZDep: New Zealand Deprivation Index 2018. One woman was included in the unadjusted models but omitted from the adjusted models 

because of missing data on deprivation quintile (see Tables 1 and 2 ). 
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Table 4 

Positive high-risk human papillomavirus results and follow-up results 

Randomised group Screening history Age Range HPV self-sample result 

(type(s) detected) 

Cytology follow-up result Colposcopy follow-up result 

Clinic Never 30-39 16 Unsatisfactory LSIL 

Clinic Under 40-49 16 ASC-US LSIL 

Home Under 30-39 18 & Other Atypical Cells/HSIL/CIN2/3 HSIL/AIS 

Home Under 30-39 18 & Other Negative LSIL 

Home Under 50-59 Other Negative N/A 

Home Never 40-49 Other Negative N/A 

Home Never 30-39 Other Negative N/A 

Clinic Never 40-49 Other Negative N/A 

Home Never 30-39 Other Negative N/A 

Home Under 30-39 Other Negative N/A 

Home Never 30-39 Other Negative N/A 

Home Never 40-49 Other Negative N/A 

Clinic Never 40-49 Other Negative N/A 

Home Never 40-49 Other Negative N/A 

Home Never 50-59 Other Negative N/A 

Home Under 60-69 Other ASC-US N/A 

Home Never 30-39 Other ASC-US N/A 

Home Under 30-39 Other LSIL/CIN1/HPV Negative 

Home Never 30-39 Other LSIL/CIN1/HPV Negative 

Clinic Under 30-39 Other LSIL/CIN1/HPV Immature squamous metaplasia 

Clinic Under 40-49 Other HSIL suspicious for invasion HSIL 

Home Never 30-39 Other Atypical Cells/HSIL/CIN2/3 HSIL/CIN3 

Clinic Never 50-59 Other Not completed Declined follow-up 

Clinic Under 40-49 Other Not completed Lost to follow-up 

HPV: human papillomavirus; never: never screened; LSIL: low-grade squamous intraepithelial lesion; Under: under-screened; ASC-US: atypical squamous cells of undeter- 

mined significance; HSIL: high-grade squamous intraepithelial lesion; CIN2/3: cervical intraepithelial neoplasia 2 or 3; AIS: adenocarcinoma in situ; N/A: not applicable: 

CIN1: cervical intraepithelial neoplasia 1. 
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ensored on 25 th March 2020 when Aotearoa New Zealand went 

nto a strict COVID-19-related lockdown; we reasoned that women 

ould not easily be able to attend a clinic and may not have 

anted to arrange for a courier. Six hundred and eighty-two (of 

,780) women did not have the full six months, although they 

ere no more than 49 days short of six months. 

In the randomised phase, 2/100 women in the clinic group 

ere positive for HPV16 and 6/100 were positive for ‘Other’ hrHPV 

ypes ( Table 4 ). In the home-based group, 16/205 were positive 

or hrHPV ‘Other’, with two of those women also being positive 

or HPV18; in total, 24/305 (7.9%) of the women who self-sampled 

ere hrHPV positive. At colposcopy follow-up, three women had 

igh-grade histology results. One woman who was HPV18 & ‘Other’ 

ositive had a histology result of high-grade squamous intraepithe- 

ial lesion/adenocarcinoma in situ (HSIL/AIS) and two women who 

ere positive for hrHPV ‘Other’ had results of HSIL. 

There were only three invalid/equivocal results among 305 HPV 

ests (1.0%). Two women in the home-based group had an in- 

alid/equivocal result and did not provide a second sample. An- 

ther woman in the home-based group had an invalid/equivocal 

esult and provided a second sample (which was negative for 

rHPV). 

Fourteen women in the usual-care group participated. Five had 

 cytology sample taken, all of which were normal. Nine of the 

omen in the usual-care group actually took an HPV self-sample 

ather than having a cytology sample taken by their healthcare 

rofessional; all of these samples were negative for hrHPV. None 

f the cytology results in the usual-care group were ‘unsatisfac- 

ory’ and none of the hrHPV results in the usual-care group were 

invalid/equivocal’. 

Follow-up was completed for 22/24 women (92%) who tested 

ositive for hrHPV. One woman made an informed decision to de- 

line follow-up after a shared decision-making conversation and 

he other was not contactable despite repeated attempts. The mean 

urse-time required to achieve follow-up was 2.5 hours. 

The laboratory turnaround time for the HPV samples received 

uring the main phase of the study was a mean of 1.23 days, with
 p

8 
 range of 0–18 days. Only 1/314 samples exceeded the expected 

-day turnaround (18 days) due to the Christmas/New Year shut- 

own period. 

iscussion 

Sending women a self-sample kit for hrHPV testing at home re- 

ulted in statistically significantly (p ≤0.001) higher participation 

han an invitation to have a usual-care cytology sample in the 

linic among M ̄aori (14.6% vs. 2.0%) and Asian (18.5% vs. 4.5%) 

nd, to a lesser extent, among Pacific women (8.8% vs. 1.7%). In 

he fully adjusted models, M ̄aori women randomised to the home- 

ased group were almost ten times more likely to participate than 

sual-care women (OR 9.7, 95%CI 3.0-31.5); Pacific women were 

ix times more likely (6.0, 1.8-19.5) and Asian women around five 

imes more likely (5.1, 2.4-10.9). This study is the first in Aotearoa 

ew Zealand that specifically tested a mail-out approach for self- 

ampling for cervical-cancer screening and an intensive nurse- 

upport model to achieve high rates of follow-up. 

An invitation to take a self-sample at a clinic was less effec- 

ive, suggesting that at least some of the barriers to clinic atten- 

ance are the same whether for self-sampling or a healthcare- 

rofessional-taken sample. Known opportunity costs and barriers 

o clinic attendance for cervical screening may explain why a 

igher proportion of home-based women participated [20] ; they 

ay also explain why the home-based group participated earlier 

han the clinic-based and usual-care groups. 

The participation in our study was lower than that in a recent 

eta-analysis, which showed a pooled average intention-to-treat 

articipation in the self-sampler mail-out group of 24.8%, com- 

ared to 11.5% in those who received a routine invitation or re- 

inder strategies [2] . In contrast, the relative increase in participa- 

ion was higher in our study i.e. , uptake in the home-based group 

as almost five times that of the usual-care group (when compar- 

ng crude percentages of uptake between groups). Compared to the 

Pap trial [21] in Australia, which involved women from the general 

opulation, did not include a clinic-based self-sampling group, and 
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ad a 6-month time period during which women could participate 

compared to our 3-month period), our study had lower partici- 

ation: 15% of never-screened and 14% of under-screened women, 

ompared to 20% and 12%, respectively, in the iPap trial. Our study 

lso had a lower participation in the usual-care group: 3% among 

ever- and under-screened, compared to 6% and 6% in the iPap trial 

21] . One likely contributor to the lower absolute participation ob- 

erved in our study may have been our target population, which 

as intentionally focused on those women least served in the cur- 

ent health system: nondominant population groups and women 

iving in areas of high socioeconomic deprivation, known to expe- 

ience substantial barriers to care and differences in quality across 

he screening, diagnostic, and treatment pathway[ 11 , 22 , 23 ]. In ad-

ition, the higher participation in the iPap trial may be due to 

he longer time period during which the women could participate, 

lthough women in our study were sent a reminder letter/text, 

hich did not occur in the iPap trial [24] . 

A recent community-based cluster-randomised controlled trial 

 He Tapu Te Whare Tangata ) in Aotearoa New Zealand, which in- 

olved intense recruitment of all overdue women, found that 59.0% 

f M ̄aori women took up the face-to-face offer to self-sample com- 

ared to 21.8% who attended for a smear, with an adjusted risk 

atio of 2.8 (2.4-3.1) [13] . The absolute participation proportions 

ere therefore considerably higher; however, the odds ratio (re- 

ecting a relative difference) was lower than that reported in our 

tudy (OR 9.7, 95%CI: 3.0-31.5). The differences in participation 

ay be due to different recruitment approaches: MacDonald et 

l [13] used texting, email, letters, phone calls, and outreach ser- 

ices (nurses and kai ̄awhina (non-clinical community M ̄aori health 

orkers)) to invite women to screening. As with the iPAP study, 

here are also likely to be differences in the target populations –

verdue vs. our never-screened and highly under-screened popu- 

ations and no European participants in our study. Population ap- 

roaches, such as ours, are known to achieve lower participation 

han individual approaches [2] but they do mimic the recruitment 

ethods of routine screening. The degree of non-contactability 

women not receiving an invitation) is unknown in our study. Our 

npublished feasibility work revealed a very high proportion of 

on-contactable women (up to 50%) among a similar group, sug- 

esting that participation may be substantially underestimated. As 

e expect that the proportion of non-contactable women is the 

ame for the different arms of the trial, this should not affect the 

elative differences across groups. 

In our study, 7.6% of the women who took a self-sample were 

ositive for a hrHPV type, similar to the proportion in the iPap trial 

8.5%) [21] , but lower than that in the He Tapu Te Whare Tangata 

rial (11.0%) [13] (the latter trial included younger women known 

o have higher HPV prevalence). Our positivity proportion is at the 

ower end of the range found in the above-mentioned recent meta- 

nalysis (6.0–29.4%) [2] . Despite the modest overall participation, 

he identification of clinically significant disease ( Table 4 ) amongst 

PV positive women from underserved groups is important to ad- 

ress known inequities in cervical cancer incidence and mortality. 

During the six-month follow-on non-randomised sub-study, 192 

of 2,780; 6.9%) additional women self-sampled, suggesting that 

ffering women home kits and self-sampling when they present 

or other reasons may also modestly increase screening uptake. It 

s notable that the women randomised to usual care took up the 

ubsequent self-sampling opportunity more enthusiastically than 

hose originally offered self-sampling. As with other forms of op- 

ortunistic invitation, it is important to ensure that women do not 

eel unduly pressured to be screened. 

Clinically appropriate follow-up was discussed with all women 

ith a positive HPV test (n = 24) and was achieved in 92% (n = 22).

oth women who were not followed up have a recall notice in 

he practice- management system for discussion and the offer of 
9 
elated future follow-up. Follow-up was higher in our study than 

n the trial by MacDonald et al [13] (78%) and the iPAP trial 

21] (62%). Most HPV-positive women (18/24; 75%) needed a short 

nterval of phone support to achieve clinically appropriate follow- 

p; however, 5/24 women (20%) needed additional support ( e.g., a 

ome visit for a follow-up cytology test) and 4% (1/24) of women 

eeded very intensive support ( e.g., multiple phone-calls and vis- 

ts to discuss options plus transport and support to attend col- 

oscopy). 

A strength of our study was that we robustly tested different 

rimary-care invitation approaches, which are potential policy op- 

ions in Aotearoa New Zealand; this enabled us to assess the ef- 

ects of different elements of the invitation approaches. Previous 

ork had suggested that M ̄aori women would respond better to 

ace-to-face offers, [25] although recent open community discus- 

ions indicated that M ̄aori women would take up the offer of a 

ailed kit [20] . 

The limitations of our study include the inability to ascertain 

hether we had the correct address or phone number for all 

omen who appeared to be non-responders, a known limitation 

f population-recruitment approaches. Participation may therefore 

e underestimated. We invited women only in the Auckland and 

aitemat ̄a DHB areas, so our findings may not be generalisable to 

omen outside of those areas ( e.g., rural areas). We were unable 

o blind participants and researchers to study-group allocation. 

Based on feedback from the participating clinics, it may be that 

ur participation is an underestimate of potential uptake if self- 

ampling were to be integrated into the NCSP because, in the set- 

ing of the study, there was a need to provide a large amount of 

rial-specific information; reading all this may have been a bar- 

ier, particularly for women for whom English is a second lan- 

uage and those with low health literacy. Our results thus reveal 

he lower bound of participation if self-sampling were introduced 

n Aotearoa New Zealand. 

onclusion 

The results of our study show that offering the opportunity to 

elf-sample to underserved women who are also M ̄aori, Pacific, 

nd Asian, in Aotearoa New Zealand is likely to increase partici- 

ation in cervical-cancer screening, particularly when mailed-out 

nd completed at home. 
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