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Summary

Background—Human Papillomavirus (HPV) self-collection offered by community health
workers (CHWSs) during home visits has been hampered by low levels of triage Pap among HPV-
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positive women. We investigated effectiveness of a mHealth intervention to increase adherence to
triage Pap.

Methods—We conducted a hybrid type I cluster randomised effectiveness-implementation trial
in Jujuy, Argentina. CHWs (clusters) were eligible if actively offering HPV self-collection and
served at least 26 women aged 30 years and over. Women were eligible if they conducted
self-collection and provided a mobile phone number. 260 CHWs were randomly allocated (3:2
ratio) to a multi-component intervention (Up to four SMS messages sent to HPV-positive women,
and one SMS message to CHWSs to prompt a visit of women with no triage Pap 60 days after

a positive-test), or control group (Usual care: Women instructed to attend their health centre

30 days after HPV self-collection to pick-up results). The primary effectiveness outcome was
percentage of HPV-positive women with triage 120 days after the HPV-test result. We evaluated
implementation of the intervention using the RE-AIM framework.

Findings—221 CHWs (132 intervention, 89 control group) contacted 5389 women; and 5351
agreed to participate (3241 intervention, 2110 control group). In total 314/445 (70-5%) HPV-
positive women of the intervention group had triage at 120 days after the HPV result, compared to
163/292 (55-1%) in the control group: 15-5% point improvement; 95%CIl: 6-8-24-1; relative risk:
1.28; 95%Cl: 1.11-1.48. 97-2% of women accepted the intervention and 86-9% of CHWSs agreed
to its adoption.

Interpretation—The multicomponent mHealth intervention was effective in increasing the
percentage of HPV-positive women who had triage Pap, allowing for many more women at risk of
cervical cancer to receive timely follow-up.

Funding—National Cancer Institute of the National Institutes of Health (USA) under Award
Number RO1CA218306.
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Introduction

Cervical cancer (CC) is one of the leading causes of cancer death among women from

low- and middle-income countries (LMIC).! Paradoxically, the disease is preventable with
existing knowledge and technologies, and that is why the World Health Organization
(WHO) has launched a global initiative to eliminate CC through vaccination, screening

and treatment.2 Human papillomavirus (HPV) DNA testing is a highly effective screening
method? and allows women to self-collect samples. HPV self-collection has been shown to
increase screening uptake,* especially when offered during home visits by community health
workers (CHWSs),® with great potential to contribute to the WHO proposed elimination goal
(90% of girls fully HPV vaccinated, 70% of women screened by the age of 30, 90% of
women with precancer and cancer treated/managed).?

In an HPV self-collection screening program, triage of HPV-positive women is a key
step to identify who will need further diagnostic and treatment procedures. While several

Lancet Reg Health Am. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Arrossi et al.

Page 3

triage methods are available for detecting precancerous lesions, cytology is one of the
recommended methods per WHO guidelines® and screening policies of several high-

and middle-income countries.”8 Cytologic triage involves HPV-positive women attending
health centres to have a Papanicolaou (Pap) smear performed by a health professional.
However, low adherence to follow-up after positive screening is a widespread and long-
standing problem for CC programs in LMICs.? Though self-collection has been deemed as
particularly appropriate to increase screening among socially disadvantaged women, it may
actually further decrease adherence to follow-up, as women with reduced contact with the
healthcare system are less likely to adhere to screening/follow-up recommendations.1°

Yet another major barrier is the delivery of test results after an abnormal screening result.11
In several studies that have evaluated HPV self-collection in LMICs, efforts to assure

that women know their result and are aware of the need to continuing the process with

a triage Pap have included home visits by CHWSs® or trained nurses,12 or phone calls
performed by study staff.13 However, these strategies are difficult to sustain in real-world
programmatic conditions. For example, in Argentina, around 13%8 of all screened women
will be HPV-positive and would need to be contacted. Effective interventions aimed at
improving adherence to triage are needed.

Using mobile phone text messages (SMS messages) to communicate with patients and
providers has proven to be effective in a variety of settings and health problems.1* SMS
messages can be automated, requiring less staff time, and in many LMICs, have improved
clinic attendance rates.1® It is therefore safe to assume that mobile health (mHealth)
interventions have the potential to increase triage adherence among HPV-positive women
without being heavily dependent on human resources. In addition, in the context of

the COVID-19 pandemic/post pandemic, combining HPV self-collection with mHealth
strategies could be an effective strategy to overcoming challenges faced by both women
and the health system to assure that the screening process continues.16

Little data exist about SMS message effectiveness in CC prevention.1” Regarding adherence
to follow-up, one trial in Tanzanial® found that sending women SMS message did not
increase follow-up screening after a visual inspection (VIA) based screen and treat
approach. Given the dearth of evidence, additional evidence is needed to assess the
effectiveness of mHealth interventions to increase triage after HPV-self-collection.

In Argentina, programmatic HPV self-collection offered by CHWSs during home visits was
introduced in 2014 to increase uptake among socially disadvantaged women and at present
7 provinces have implemented it. However, adherence to triage remains a challenge,810
with an estimated 25% of women attending triage at 120 days after the HPV result.10 We
hypothesized that a real difference could be made in adherence to triage in CC screening
by combining HPV self-collection and a multi-component mHealth intervention (SMS
messages sent to HPV-positive women and SMS message sent to CHWSs to visit those
HPV+ women who, at 60 days since the HPV result, have not attended triage).1® This paper
presents results from the ATICA study (Application of Information and Communication
Technologies to HPV Self-collection, for its initials in Spanish), a hybrid type | trial set in
Jujuy, Argentina.
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Design overview

Setting

Methods of the ATICA study have been extensively described elsewhere.1® ATICA is an
effectiveness-implementation hybrid type I trial, combining a cluster randomised controlled
trial (RCT) to evaluate the effectiveness of a multi-component mHealth intervention (Figure
1) with a mixed-methods approach involving quantitative and qualitative evaluations of

the implementation. In this report we present results from the cluster RCT and the
quantitative evaluation of the implementation using the Reach, Effectiveness, Adoption,
Implementation and Maintenance (RE-AIM) framework, specifically developed to assess
interventions beyond efficacy across multiple public health criteria.2 RE-AIM framework
was integrated in all stages of the research process, including conceptualization (e.g.,
selecting implementation processes that would be evaluated), data collection and analysis.19

The study was approved by the Bioethics Review Committee of Jujuy’s Ministry of Health

and Institutional Review Boards of CEMIC, Harvard T.H Chan School of Public Health and
Rutgers University, and the Deakin University Human Research Ethics Committee. Women
signed an informed consent, as well as CHWs participating in the CHW survey. The trial is
registered in ClinicalTrials.gov (NCT03478397).

Jujuy province is located in northwest Argentina and 85% of its population live in urban
areas.19 The primary health care (PHC) system has 270 health centres and employs about
700 full-time CHWs who visit approximately 110,000 households twice a year for health-
related tasks.

Since 2012, HPV-testing has been the primary CC screening test, available for women aged
30 years or older attending public health centres. Women are screened with HPV-testing
every five years. Since 2014, HPV self-collection is offered during the CHW routine home
visits. Women self-collect samples with a cervical sampler kit (Qiagen, Gaithersburg, MD,
USA), which is comprised of a cervical brush, specimen container, and transport medium.
Community health workers transport specimens at room temperature to health centres;
from where they are sent to the provincial HPV laboratory to be analysed for 13 high-risk
HPV types using hybrid-capture 2, following the manufacturer’s instructions. According to
the national guidelines,2! HPV-positive women with self-collected tests must go through
cytology (triage Pap), and those HPV-positive women whose triage Paps are classified as
atypical squamous cells of undetermined significance or worse (ASCUS+) are referred to
colposcopy, then to biopsy if colposcopy images are classified as abnormal following the
International Federation of Cervical Pathology and Colposcopy (IFCPC) classification.22
Women with histologically confirmed cervical intraepithelial neoplasia (CIN) of grade 2 or
worse are referred to treatment.

All HPV-testing/diagnoses/treatments of women screened in the public health system are
registered on the national screening information system (SITAM, for its initials in Spanish).
Results of HPV tests and triage Paps are instantly available online to providers at public
health establishments.
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Participant eligibility and recruitment

We regarded CHWs as clusters and judged them eligible if they were actively offering
HPV self-collection, that is, they had offered HPV self-collection during the three years
preceding the study (2014-2017). We also required that eligible CHWSs served a population
of at least 26 target women (aged 30 years and older with no HPV testing in the last five
years). The rationale for this was the following: Assuming approximately 13% of women
with self-collected tests would be positive® and conservatively assuming that 60% of these
women would be willing to participate in the study, a CHW serving 26 women aged 30
years and over would contribute, in average, with at least two HPV-positive women to the
study.

A woman was eligible if she performed HPV self-collection during the CHW home visit;
and was able to provide a mobile phone number.1® All women satisfying the eligibility
criteria were invited to participate by the CHW and signed a written informed consent.

Randomisation and masking

Eligible CHWSs were classified into four groups according to gender and the area where they
worked (urban/rural areas), and a stratified sample of 260 CHWSs was randomly selected
with allocation proportional to strata. The set of randomly selected CHWS which were
already randomly allocated to the study arms were invited by the primary health care
authorities to participate in the trial and attend the first training session. The invitation

did not disclose the group allocation. During the first training session, they were informed
that participation was voluntary, and they could opt out with no consequences. They were
then informed about group allocation and explained the study procedures. 85% and 86%
of the invited CHWs in the intervention and control group, respectively, completed the
training and participated in the study. The sample of 260 CHWs were randomly allocated
to intervention or control (3:2 ratio) within strata defined by gender and urban/rural area.
The study statistician produced a computer-generated random number lists for the CHWs
random selection and intervention allocation.1® All CHWs were assigned to the trial arms
at the same time guaranteeing allocation concealment. Regarding women’s consent, the
CHWs were instructed to invite the woman and seek consent before disclosing their group
allocation. Blinding of intervention and outcome assessments were not feasible due to the
characteristics of the study.

Sample size and power considerations

The unit of randomisation was the CHW, and the unit of observation was the woman. We
expected an average of two HPV-positive women per CHWSs (240 in the intervention and
160 in the control group).1® For the primary outcome (triage Pap percentage at 120 days),
the target sample size had 97% power to detect a 20% absolute difference between the two
groups when the triage in the control group is 30% (two-sided test, alpha = 0.05, intraclass
correlation coefficient (ICC) 0.10). For the secondary outcome (triage Pap percentage at 60
days), the proposed sample size had 90% power to detect a 10% absolute difference when
the control group had a 15% triage by day 60.
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Intervention development

Procedures

The intervention was rooted in the Health Belief Model (HBM) as described elsewhere,1®
anticipating that the SMS messages would serve as specific cues to action and stimulate
triage behaviour. The CHW visit would be an additional cue to action to non-adherent
women, as well as an opportunity to provide counselling and support which will change
women’s perceived benefits of and barriers to screening, as well as the perceived threat of
CC. We expected both components of the intervention to increase adherence to triage in

the intervention group.19:23.24 |n addition, the HBM guided formative research carried out
to inform the design of the multicomponent intervention23:24: Firstly, focus group (FGs)
included discussions with women to incorporate in the SMS messages a persuasive element
that would reinforce the SMS message as a cue to action from women point of view.23
Secondly, formative research provided information on women’s individual beliefs regarding
CC, HPV testing and triage2* that was used to train CHWSs about messages and support to be
provided during their visit of positive women who had not been to triage at 60 days.

We also developed an automated messaging system (MATYS) that connected
asynchronously with SITAM to identify women and CHWs to whom messages should
be sent. MATY'S was designed to register data on delivery and receipt of SMS messages;
a phone number was considered valid if MATY'S did not kick back an error notification
signalling the number was non-existent.

The intervention was planned in consultation with staff from the National Program on
Cervical Cancer Prevention (NPCCP), the Jujuy Ministry of Health, the HPV laboratory
at Pablo Soria Hospital, and women (through formative research and pilot testing)Z® with
the goals of high acceptability and feasibility, and widespread usability. The intervention
was also designed to reduce the number of CHW visits aimed at providing women with
counselling and support.

CHWs from both groups identified eligible women and invited them to participate during
their routine home visits. Once women have performed HPV self-collection, they checked
the eligibility criteria and invited them to participate in the study. Once women consented,
the CHWs described the procedures according to the group the CHW was allocated to.

Women with HPV-positive self-collected tests recruited by CHWs allocated to the
intervention group received a multi-component intervention (Figure 1). Those women with
an HPV-negative test received one SMS message stating that HPV results were available at
the health centre.

Intervention first component.—HPV-positive women received one weekly SMS
message over a four-week period, notifying that HPV results were available and that they
should attend the health centre.1® The final number of SMS messages delivered to HPV-
positive women depended on triage Pap adherence, MATY'S stopped sending SMS messages
when a triage Pap was registered in SITAM.

Lancet Reg Health Am. Author manuscript; available in PMC 2022 June 01.
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Intervention second component.—CHWSs received an SMS message to visit HPV-
positive women who did not have a triage Pap registered 60 days after the HPV result.
Although initially we had planned to send an e-mail to the CHWSs, during the training
sessions we learned that many CHWSs did not use their e-mail account. Therefore, MATY'S
delivered both an SMS message and an e-mail. The SMS message and e-mail included a
secure link to MATY'S giving access to information regarding the non-adherent women.
Then, they should visit those women to provide counselling about the importance of triage
and encourage them to attend the health centre for triage in the following 30 days. The
intervention evaluation only includes outcomes related to SMS messages.

Once women had performed HPV self-collection, CHWs allocated to intervention explained
the sequence and content of SMS messages, and that they might come back for a personal
visit. Women with HPV-positive self-collected tests participating in the control group
received usual care: once they performed HPV self-collection offered by CHWs during

the home visits, women were instructed by CHWs to attend their health centre within 30
days after the HPV self-collection, to pick-up results.

Training of CHWs

CHWs participated in three training sessions carried out between July and December
2018. Training sessions were run separately for CHWs allocated to the intervention and
control group. Training included presentations about study design and methods, recruiting
women, obtaining informed consent, data collection, filling in study forms, and ethical
considerations. In Jujuy province HPV self-collection is routinely offered by CHWs during
home visits. All CHWs periodically trained by the national and provincial programs on
cervical cancer prevention on how to communicate with women regarding the cervical
cancer prevention process and how to provide counselling and support to HPV-positive
women. Therefore, the training sessions for the CHWs selected to participate in the trial
included a refresher module about these two topics (providing information and counselling).
These sessions were delivered by staff from NPCCP using programmatic materials on
counselling.22:2% Training of CHWs from the intervention group also included modules

to address women’s beliefs that may negatively influence their adherence to triage Pap

and promote behavioural change. Different techniques were used to train CHWs about
how to proceed during the visit to non-adherent women: oral presentations by health
communication specialists, role playing, and videos specifically produced for the ATICA
study showing different scenarios of women’s beliefs and strategies to overcome possible
barriers.

Regarding the second component of the intervention, home visits to those women who did
not have triage Paps at 60 days, CHWSs were instructed to inquire about the reasons why
they did not have triage Paps. This would allow them to identify individual beliefs and
barriers to triage Pap. CHW were also instructed to provide them with information about
the importance and benefits of triage and support to help them reduce barriers. For example,
if the problem was related to a subjective barrier (e.g, the women being afraid of the HPV
result), CHWSs would reinforce the idea that HPV is a highly prevalent infection and that

a positive HPV result does not mean cancer. They would also stress that the triage Pap is
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necessary to identify a precancerous lesion that can be easily treated, but that it can develop
into CC over time, if not treated.

Sensitisation of key stakeholders

Before the trial started, we held a meeting with directors of health centres, PHC supervisors
and gynaecologists. The objective of this meeting was to present the ATICA study, sensitize
these key stakeholders about women’s beliefs and barriers faced by HPV positive women
and discuss possible facilitators. Thus, we stressed the importance of reducing barriers
mentioned by women and facilitating their access to triage (e.g., by performing the triage
Pap on the same day that women attended the health centre after receiving the HPV-test
result if possible, and if not, scheduling an appointment as soon as possible).

Data collection

Effectiveness trial women recruitment took place between December 4, 2018 and July 31,
2019. CHWs from both groups used an ad-hoc trial form to collect data on women’s
characteristics: age, education level, household with children younger than five, over-
crowding, health insurance, screening in the last ten years, use of cell phone, and computers/
internet/social media. Data on HPV testing, triage, diagnosis, and treatment were extracted
from SITAM.

End of follow-up was March 4, 2020, when lock down was established in Argentina due to
the COVID-19 pandemic.

RCT outcome measures

The primary outcome was the percentage of HPV-positive women with triage 120 days after
the HPV result. The secondary outcome was the percentage of HPV-positive women with
triage 60 days after the HPV result, which measures the effect of the first component of the
intervention - i.e., SMS messages sent to women. Date of HPV result was defined as the date
the result was uploaded to SITAM.

In addition, we are presenting the following additional data on the care continuum
(screening, diagnosis, and treatment), which is essential for effective disease prevention:

a. The percentage of HPV-positive women with abnormal triage Paps (ASCUS+)
who had colposcopy and biopsy.

b. The percentage of women with histologically diagnosed CIN2+ who received
treatment.

Evaluation of the intervention implementation

We evaluated the implementation of the intervention using the RE-AIM framework,20
(Outcome definitions and data sources presented in Table 1). Although planned semi-
structured interviews with stakeholders!® to evaluate their acceptability of the intervention
and perspectives on how to build and enhance project sustainability were delayed due to
the COVID-19 pandemic, we present data on current activities being carried out with the
Argentinean National Cancer Institute (ARG-NCI) to scale-up the ATICA strategy as a
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measure of the Maintenance dimension. RE-AIM measures were derived using data from the
trial, a survey of HPV-positive women?® and a self-administered survey of CHWs.1° Data
regarding delivery and receipt of SMS message were extracted from MATYS.19

Women survey.—All HPV-positive women from the intervention group were contacted
by trained interviewers for an in-person/phone interview.1® The questionnaire included open
and closed questions related to women’s experiences and perceptions, including receipt,
acceptability and relevance of SMS message frequency, time and content, the perceived
effect of the multiple components of the intervention on their adherence, and reasons

for adhering/not adhering to triage. Interviews took place between December 2019 and
October 2020. 370 (83%) HPV-positive women were interviewed (59 women could not be
reached, 3 had died and 13 refused to answer the survey). We report results on acceptability
and number of SMS messages effectively received. Acceptability was measured through
agreement (highly agree or agree) with the statement “An SMS message is a good
communication channel to be informed that the HPV self-collection result is available at
the health centre” (options: Highly agree/agree, disagree, highly disagree, nor agree or
disagree).

CHWSs survey.—Ten weeks after the recruitment of women was completed, we held a
workshop as a closing activity to present preliminary results to CHWs and health authorities.
During this workshop, CHWs were asked to complete an anonymous, self-administered
semi-structured survey to evaluate their acceptability of the intervention, and barriers

and facilitators in implementing and adopting the intervention.1® 122 CHWs from the
intervention group completed the survey. We report results on acceptability (percentage of
CHWs that agreed with programmatic incorporation of the mHealth intervention).

Data analysis

Baseline characteristics of CHWSs (gender, rural/urban area) were compared between trial
groups using the Chi-squared test to assess potential imbalances due to the fact that not

all the randomly selected and randomized CHWSs ultimately participated in the study (85%
in the intervention group and 86% in the control group). Baseline characteristics of HPV-
positive women were compared between groups using generalized estimating equations
(GEE) models which account for clustering, with distribution and link function selected
based on the type of variable. Groups were compared to investigate potential biases in the
recruitment and/or consent process as CHWs might have disclosed the group allocation
before inviting women to participate in the study. All analyses were conducted on an
intention-to-treat approach. The effectiveness of the intervention on the two outcomes, triage
percentage at 120 and 60 days, was estimated using generalized estimating equations (GEE)
with log link and binomial distribution. An exchangeable working correlation matrix was
assumed to account for the clustering induced by the CHWSs. We report estimated triage
percentages for each group, difference in percentages and risk ratios along with their 95%
confidence intervals (Cls). Effect modification by baseline factors (age, health insurance,
education level, rural/urban area) was explored using the same GEE model including group
(intervention/control), the potential effect modifier and the interaction modifier by group.
Cox models for the outcome time to triage Pap, with a robust sandwich covariance matrix,
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were fitted to estimate the hazard ratios of intervention relative to control overall and
by rural/urban status. Plots of the Kaplan-Meier estimates for each group and according
to rural/urban area are presented. Descriptive statistics were used to report data on other
RE-AIM outcomes.

All analyses were performed with SAS software, version 9.4 (SAS Institute, Cary, NC).

Role of the funding source

Results

The funder had no role in study design, data collection, analysis, or writing of the report.
The corresponding author had full access to all data in the study and had final responsibility
for the decision to submit for publication.

Figure 2 shows the study flow chart. Of the 260 randomised CHWSs, 221 participated in the
study. CHWSs who participated were predominantly women (n=181, 81.9%) and worked in
urban area (n=165, 74-7%; Table 2). No difference was noted in sex (p=0-68) or urban/rural
area (p=0-32) between participating and non-participating (84-6% women; 82-1% urban
area) CHWs.

The 221 participating CHWSs (132 in the intervention and 89 in the control group) invited
5389 eligible women, of whom 5351 (99-3%) agreed to participate (3241 in the intervention
and 2110 in the control group).

A total of 737 women had an HPV-positive result, 445 in the intervention (13-7%) and
292 in the control group (13:8%). Of them, 322 (43:7%) had no screening in the last 10
years, and 94 (12-8%) shared phones with other family members (Table 2). There were no
significant differences between groups regarding sociodemographic characteristics.

In total, 314 (70-5%) HPV-positive women of the intervention group had a triage Pap at
120 days after the HPV result, compared to 163 (55:1%) in the control group (Table 3).
Regarding the intervention first component (SMS messages sent to women), in total, 242
(53:9%) HPV-positive women in the intervention group and 101 (33-4%) in the control
group had a triage Pap at day 60 (Table 3).

Women follow-up

Median total follow-up until March 4, 2020, was 306 days (range 187-447).

Of 98 women with abnormal triage Pap in the intervention group, 59 (60-2%) attended
colposcopy during the total follow-up period and 32 (54.2%) had an abnormal result (Figure
3). Biopsy was performed in 100% of abnormal colposcopies, in which 21 CIN2+ cases
were detected, and 14 (66-7%) had been treated by March 4, 2020.

Of 41 women from the control group with abnormal triage Pap, 25 (60-9%) had colposcopy
during the study follow-up period. Nine (36.0%) had abnormal findings and biopsy was
performed in all of them. Six women had CIN2+ disease detected and four (66-7%) had been
treated by March 4, 2020.
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The average time between receiving the HPV result and colposcopy was shorter in the
intervention group (134 days, SD 74-3) compared to the control group (173 days, SD 89-5;
=0-058).

Evaluation of the intervention implementation

Effectiveness.—The multicomponent intervention produced a 15-5% point improvement
in adherence to triage Pap by day 120 compared to usual care (95%CI: 6-8 — 24-1) (Table 3).
The relative risk was 1:28 (95%Cl: 1-11 — 1-48), indicating that women in the intervention
group were 28-0% more likely to have a triage Pap by day 120 relative to the control group.
The intervention first component significantly increased adherence to triage Pap at day 60
with a 20-5% point improvement in the intervention group compared to the control group
(95%CI: 12:0-29-0) and a relative risk of 1-61 (CI: 1.29-2-02) indicating that women in the
intervention group were 61-0% more likely to have a triage Pap by day 60 relative to the
control group.

Figure 4 shows the estimated probability of having a triage Pap at a given time for each
group and the estimated hazard ratio (HR) for the intervention group relative to the control
group. The intervention significantly decreased the time to triage (p < 0-:0001). For example,
a triage level of 50% was reached around day 50 in the intervention group and around day
100 in the control group. The intervention effect was stronger among women from rural
areas (Figure 5). However, the interaction urban/rural area x group was not significant (Cox
model, p=0-244).

Reach.—In total 5351 (99-3%) eligible women were included in the study: mean age
was 44-1 (SD 11.-4); 2745 (51-3%) had secondary and tertiary education level (complete/
incomplete); and 4472 (83-4%) had public health insurance (Table 4).

Implementation.—89-1% of CHWs in the intervention group participated in training
(139 of 156) (Table 4). Among them, 132 (94-9%) had at least one woman enrolled in

the study. In the first component of the intervention, MATY'S reached 419 valid phone
numbers of the 445 HPV-positive women. Cases which it did not reach a phone number
were due to registration of an invalid phone number (8) or to problems in MATYS-SITAM
communication (18). 78:-1% of the HPV-positive women interviewed from the intervention
group reported receiving at least one SMS message (289 of 370); 7:0% reported that

their number was registered incorrectly (26 of 370), and 14-8% reported that they did not
receive or did not remember receiving the SMS message (55 of 370). Regarding the second
component of the intervention, in total, 96.2% (227 of 237) of SMS messages sent to CHWSs
to alert them to visit women with no triage Pap registered in SITAM at day 60 reached a
valid phone number.

Acceptability by women was high: 97-2% of women agreed with the statement “An SMS
message is a good communication channel to be informed that the HPV self-collection result
is available at the health centre” (278 of 286).

Adoption of the intervention by CHWs.—For the second component of the
intervention, 90-8% (89/98) of CHWSs with women with no triage Pap registered in SITAM
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at day 60, visited at least one HPV-positive woman after receiving the SMS message (Table
4). 86-9% (106 of 122) of interviewed CHWSs from the intervention group agreed that the
intervention should be incorporated in routine screening program activities.
Maintenance.—Collaborative work with the Argentinean NCI to plan the scaling-up of the
ATICA strategy began in November 2021 and the implementation is planned for 2022.
Discussion

This is, to our knowledge, one of the first trials demonstrating the effectiveness of an
mHealth intervention to increase triage of HPV-positive women with self-collected tests.
The ATICA trial was implemented in the province of Jujuy, Argentina, a low resource
setting where HPV-testing has been routinely offered in the public health sector since

2012. SMS messages were sent by an automated system (MATY'S) connected with SITAM,
the national information system on screening. Thus, our results demonstrate what can be
achieved when an mHealth intervention is rooted in programmatic, real-world conditions.

Our intervention resulted in a 15-5% increase in the percentage of women with triage Pap
at 120 days after the HPV result, showing that the mHealth multicomponent intervention
was effective in improving triage adherence. When we considered triage at 60 days (which
captures only the effect of sending SMS messages to the women), the positive effect of

the intervention was higher, showing a 20-5% increase compared to the control group.

Our results contrast with those of a study carried out in Tanzanial® showing no effect

of SMS messages to increase attendance at follow-up by HPV-positive women screened
with a VIA-based screen-and-treat approach. In that study, HPV-positive women who
received SMS message included women already treated, and VVIA-negative women for
evaluation of HPV-testing clinical performance, which might have limited the effect of

the intervention. The distinction is important, because SMS message is a tool to convey a
message, and analysis of its impact cannot be separated from the health system challenges
they address.26 CC screening entails multiple steps (screening/triage/diagnosis/treatment),
each of them presenting specific challenges and barriers. Our intervention was intended

to facilitate communication between HPV-positive women and the health system regarding
triage, an essential step of the diagnosis/treatment process, and this might have contributed
to its effectiveness. Also, mHealth interventions grounded in health behaviour theories are
generally more effective than those with no theoretical foundation.1® Whereas we used the
HBM to design and anticipate the effect of the intervention, in the Tanzanian study the lack
of a framework might have influenced the impact of the intervention on follow-up.18

The multicomponent intervention increased the proportion of women with triage Pap at

120 days. However, the effect was smaller than that of the first component, despite the

high level of adoption (90-8%) of the visit to HPV-positive women who had not triage

at day 60 by CHWs. This is probably a result of two concurrent factors. The first one is
time, as a main effect of the intervention was to decrease the time to triage Pap. Thus,

the difference between the intervention and control group in the first 60-day period was
reduced as time went by, with women in the control group slowly catching up. This is
coincident with routine programmatic data from Argentina showing that adherence to triage
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increased with time, from 18-0% at 60 days to 42:9% at 18 months.1? Secondly, many
women who did not have triage at day 60 might be facing barriers that could not be solved
by CHW visits (e.g., socio-structural barriers such as work, domestic or childcare barriers),
reducing the effect of the second component on the effectiveness of the multicomponent
intervention. Evidence has shown that socio-structural barriers are more difficult to address
by the health system, needing intersectoral action and social participation.2” The first
component probably resulted in improved and earlier communication of results, especially
among women whose reduced adherence was mainly linked to gaps in the women’s health
system communication process. As no human resources are involved in the first component,
in settings where no CHW visit is possible, only sending SMS messages to HPV-positive
women will significantly increase adherence to triage without over-burdening scarce health
staff. Also, the first component of the intervention might be implemented in settings where
self-collection is not offered during home visits. Thus, SMS messages could be sent to
HPV-positive women who have performed self-collection, irrespective of the method used to
offer it (i.e., invitation letters, offer at health centres by health providers, during home visits,
etc.).

In our study, the decrease in time from the HPV result to triage Pap had also an impact

on the time to colposcopy, which was shorter in the intervention group. Although this
reduction was marginally statistically significant, this might be due to the study not being
designed to detect this difference. Longer times to colposcopy have been associated with a
decreased life-time benefit of screening and a decrement in life years gained.28 Meanwhile,
shorter times to colposcopy will probably have an impact on time to treatment, given

that colposcopy, and biopsy, when needed, are the diagnostic procedures to confirm high
grade intraepithelial lesions or higher and refer women for treatment. Thus, our mHealth
intervention can contribute to increase the quality of the entire screening/diagnosis/treatment
process.

Our study provides some evidence that the intervention might be more effective for rural
women although we could not demonstrate a significative interaction between rural/urban
status and intervention. This was probably due to the small number of rural women in our
sample (137). Our result corroborates those by ErwinZ® who found that, compared to urban
women, rural women who received SMS or SMS + voucher for transportation were more
likely to perform clinician-collected HPV-testing at health centres. For Erwin et al,2% a lower
level of baseline knowledge among rural women could have amplified the effects of the
SMS message in the rural area.

In our study, SMS messages reached the vast majority of HPV-positive women and CHWSs.
Frequent changes in phone numbers or loss of cell phones have been signalled as a

barrier for using SMS messages to communicate with patients,30 but the fact that SMS
messages were sent to women during a short period of time (four weeks) immediately after
the HPV result was available might have limited these problems. Women’s acceptability
of the intervention was high, and most considered that an SMS message was a good
communication channel to be informed that the HPV self-collection result was available

at the health centre. Message content and tone were carefully designed, which is a key
element for the success of mHealth interventions.3! We conducted formative research and
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pilot testing with key stakeholders23 to convey the health system’s intention of caring for the
population. Although the protocol initially stipulated that the SMS message would include
the HPV result, our previous formative research indicated that women preferred not to
receive it, as they raised concerns about confidentiality, and considered that result delivery
was a responsibility of a health professional. Therefore, the SMS message only mentioned
the term “self-collection”, and informed women about the test result availability and the
importance of attending the health centre.23 This is similar to results by Moodley et al3?

in South Africa showing that women rejected receiving abnormal screening results through
SMS messages and asked to be told “please come to the clinic” to get the results from a
health professional. Two studies carried out in Africa that analysed women’s preferences
regarding SMS messages showed that most women did not prefer to receive their CC
screening result through SMS messages (range 7-32%).13:33 In our study, omitting the
result and the term HPV-testing in the SMS message might have reduced worries related

to privacy and increased the intervention acceptability. Importantly, our study was carried
out before the change in the use of mHealth interventions produced by the COVID-19
pandemic.3# Additional evidence will be necessary to analyse how this change has modified
the acceptability of including the actual result in SMS messages, or in newer social media
technologies (i.e. WhatsApp and other instant messaging apps).

In our study, the CHWs selected had at least 26 women as their target population for HPV
self-collection. Those CHWs with lower amounts of target women and, therefore not eligible
for inclusion in the study, are mainly located in very small rural areas. Effectiveness of

the intervention might have been different if women from these small rural areas had been
included. However, since our results show that the intervention effect was stronger among
women from rural areas, effectiveness would not be decreased if CHWSs and women from
very small rural settings had been included but, if anything, this caveat would likely have an
additive influence in the presented effects.

In conclusion, sending SMS messages to HPV-positive women after using self-collection,
and to CHWs informing them to visit those women who were not triaged at day 60 is
effective in increasing adherence to triage Pap, allowing for many more women at risk

of CC to receive timely follow-up. These results are particularly important in the midst

of the COVID-19 pandemic (and post pandemic), as using mHealth strategies has been
signalled as a key intervention that may help health workers to contact individuals needing
follow-up more efficiently while minimizing person-to-person contact.14 In summary, our
study provides key evidence on the effectiveness of digital tools to improve the quality and
effectiveness of the screening process associated with HPV-self collection, which will highly
contribute to the CC elimination goal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context ATICA Study
Evidence before this study

Relevant publications with the key terms “cervical cancer”, “SMS messages”, “mobile
health”, “cervical cancer screening”, “clinical trials”, “self-collection”, “triage”, “follow-
up” were reviewed for quality and relevance. The initial search to define the study
protocol covered PubMed between 2010 and 2016. The search was extended to April
2021 when writing the manuscript. Only studies written in English and Spanish were

considered.
Added value of this study

Our main hypothesis was that mHealth interventions are an effective strategy to increase
triage among HPV-positive women who perform HPV self-collection. It was based on
previous evidence indicating that sending SMS messages to patients as reminders is
effective in a variety of settings and for different health problems. We were interested

in this approach because HPV self-collection offered by community health workers
during home visits has been shown to dramatically increase screening uptake among
women with lower access to the health care system, but adherence to triage after a
positive HPV-self collected test in programmatic contexts of low-middle income settings
remains low. A mobile health (mHealth) intervention has the potential to increase triage
adherence among HPV-positive women without being heavily dependent on scarce
human resources. Although some RCTs have evaluated effectiveness of SMS messages to
increase screening uptake, we did not find any RCT evaluating effectiveness of sending
SMS messages to women and CHWs to increase triage or follow-up among HPV-positive
women with self-collected tests.

Implications of all available evidence

The data from the ATICA study demonstrate that sending SMS messages to women

and community health workers is a highly effective to increase triage after an HPV-
positive, self-collected test. The intervention decreased the time to triage, allowing

for more women at risk of cervical cancer to receive timely follow-up. The

intervention was accepted by women and community health workers and had few
implementation problems. Our results have strong implications for middle- and low-
income countries implementing or considering implementing HPV self-collection with
mHealth interventions to ensure high follow-up adherence and make progress toward the
WHO targets to eliminate cervical cancer.
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INTERVENTION GROUP

l

CONTROL GROUP

HPV-positive women

y

HPV-positive women

y

|

Weekly SMS message until triage
Pap was registered (Max. four
weeks)

{

With triage Pap at 60 days

YES \J/ NO

Usual care: CHWs informed
women that they should go to
the health center to get test
results.

Stop SMS
intervention message
to CHWs
CHWs visit

Figurel.

Flow diagram of the mHealth intervention.

CHW: community health worker, HPV: DNA human papillomavirus.
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568 Elegible CHWs |

l

260 randomly selected CHWs |

!

Randomization 3:2 |

\

156 CHWs allocated
to the intervention

104 CHWs allocated
to control group

women invited

group
Excluded (n=24): CHWs
notable to ic
(did not attend training,
retired, etc.)
132 participating 89 participating
CHWs CHWs
3272 elegible 2117 elegible

women invited

Refused to participate
(n=31)

4Twomen
accepted to
participate

2796 HPV-
negative
women

participate

445 HPV- 292 HPV-
positive women positive women

242 women 101 women with
with triage Pap triage Pap at 60

at60 days days

Refused to participate
(n=7)

Excluded (n=15): CHWs nof|
able to participate (did not
attend training, retired, etc.)|

1818 HPV-
negative
women

Figure2.
Trial profile.

CHWSs: community health workers; HPV: human papillomavirus.
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732 CHWs in the
intervention group
3241 women

445 HPV-positive

women
83 women
without triage
Pay

89 CHWs in the
control group
2110 women,

292 HPV-positive

71 women
without triage
Pap

264 with
normal triage

98 women with
abnormal triage’|

180 women
with normal

39 women without
colposcopy

227 women with
triage Pap”

41 women
with abnormal

riage triage
- 76 women ;
59 women with e 25 women with
Iposcopy without colposcopy
colp colposcopy
) - )
32 women with g women with
27 women with abnormal 16 women abnormal
" with normal
normal results results* with results with
! results u
biop: moiasy
T1 women with ; 3 women with ;
21 women with 6 women with
normal/CINt CIN2+ lesions normal/CINt CIN2+ lesions
lesions lesions

14 women with
treatment

4 women with
treatment

Figure 3.

Follow up of HPV-positive women.
L Includes 314 women with triage Pap at 120 days and 48 with triage Pap in the remaining
follow-up period (day 121-447).
2 Includes 163 women with triage Pap at 120 days and 58 with triage Pap in the remaining
follow-up period (day 121-447).
3 Abnormal triage Pap is defined as atypical squamous cells of undetermined significance or

worse (ASCUSH).

3 Colposcopy is classified as abnormal following the International Federation of Cervical
Pathology and Colposcopy (IFCPC) classification.22.
HPV: human papilomavirus; CIN1: cervical intraepithelial neoplasia of grade 1; CIN2+:
cervical intraepithelial neoplasia of grade 2 or worse.
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1.0
0.9 HR=1-37 (95%ClI: 1-18-1-58), p<0-0001
0.8
0.7
T R i it
0.5

0.4

034

Estimated Probabilty of tiage Pap

0.2 1

0.1

0.0

4444

_______

Control group
95% Confidence Interval
Intervention group

95% Confidence Interval

T T T T T
0 20 40 60 80

Days since HPV-positive test result

T T
100 120

Figure 4.
Estimated probability of having a triage Pap by group.

HR: hazard ratio. Cl: confidence interval. HR and CI estimated under a Cox model with

robust sandwich covariance matrix to account for clustering.
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Estimated probability of having a triage Pap by rural/urban area and group.
HR: hazard ratio. CI: confidence interval. HR and CI estimated under a Cox model with
robust sandwich covariance matrix to account for clustering.

Number of women in each stratum: Urban: intervention (353), control (247); Rural:

intervention (92), control (45).
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