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Abstract

Background: Accurate safety monitoring in HIV vaccine trialsisvital to eventual licensure and consequent uptake of products.
Current practice in preventive vaccine trials, under the HIV Vaccine Trials Network (HVTN), is to capture related side effects
in ahardcopy tool. The reconciliation of thistool, 2 weeks after vaccination at the safety visit, istime consuming, laborious, and
fraught with error. Unstructured Supplementary Service Data (USSD), commonly used to purchase airtime, has been suggested
for collection of safety datain vaccine trials. With saturated access to mobile phonesin South Africa, this cheap, accessible tool
may improve accuracy and completeness of collected data and prove feasible and acceptabl e over the hardcopy tool.

Objective: The objective of our study is to develop and implement a USSD tool for real-time safety data collection that is
feasible and acceptable to participants and staff, allowing for a comparison with the hardcopy tool in terms of completeness and
accuracy.

Methods: This feasibility study is being conducted at a single study site, the Centre for the AIDS Programme of Research in
South AfricaeThekwini Clinical Research site, in South Africa. The feasibility study is nested within aparent phase 1/2a preventive
HIV vaccine trial (HVTN 108) as an open-label, randomized controlled trial, open to all consenting parent trial participants.
Participants are randomly assigned in a 1:1 ratio to the hardcopy or USSD tool, with data collection targeted to the third and
fourth injection time pointsin the parent trial. Online feasibility and acceptability surveyswill be completed by staff and participants
at the safety visit. We will itemize and compare error rates between the hardcopy tool and the USSD printout and associated
source documentation. We hypothesize that the USSD tool will be shown to be feasible and acceptable to staff and participants
and to have superior quality and completion rates to the hardcopy tool.

Results: The study has received regulatory approval. We have designed and developed the USSD tool to include al the data
fields required for reactogenicity reporting. Online feasibility and accessibility surveysin both English and isiZulu have been
successfully installed on atablet. Data collection is complete, but analysisis pending.

Conclusions: Several HIV preventive vaccine trias are active in Southern Africa, making tools to improve efficiencies and
minimize error necessary. Our results will help to determine whether the USSD tool can be used in future vaccine studies and
can eventually berolled out.

Trial Registration: ClincalTrials.gov NCT02915016; https://clinicaltrial s.gov/ct2/show/NCT02915016 (Archived by WebCite
at http://www.webcitation.org/71h0cztDM)

Registered Report Identifier: RR1-10.2196/9396

(JMIR Res Protoc 2018;7(10):e175) doi:10.2196/resprot.9396
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Introduction

Rationale

Despite the gains made in the provision of antiretroviral
treatment and, more recently, prevention globally, in 2015 there
were 1.8 million new infections worldwide. South Africa has
the biggest antiretroviral treatment program in the world, with
approximately 3.4 million peoplebeing treated [1]. In November
2015, South Africaregistered emtricitabine/tenofovir disoproxil
fumarate (Truvada) for preexposure prophylaxis in key
populationsyet, in 2016 al one, approximately 270,000 incident
infections occurred [2]. A safe, effective HIV vaccine is still
seen as the solution to epidemic control and, ultimately,
elimination.

Safety monitoring in HIV vaccine clinical trialsis vital, from
early-phase safety and immunogenicity testing, to late-phase
efficacy testing and eventual licensure of candidate vaccines.
An essentia part of safety monitoring is the collection of side
effects data reported by participants after they have received a
study product and for 3 to 7 days after leaving the clinic. All
preventive HIV vaccine trials collect reactogenicity data: this
is a set of known and expected injection site and systemic
symptoms and signsthat are related to the vaccine. Unexpected
side effects (classified as adverse events) are also collected on
study-specific case report forms (CRFs). The duration of the
reactogenicity period depends on the protocol, and adverse event
data collection periods are defined per protocol, depending on
the seriousness of the event. In sub—Saharan Africa, a suite of
trials in response to the modest results of the RvV144 trial [3]
has been launched to progressamaodified HIV clade C—specific
vaccine candidate to licensure and to deepen the understanding
of the mechanisms of immune protection against HIV.
Concurrently, several early-phase HIV vaccinetrias, 2 efficacy
trials, and a proof-of-concept neutralizing antibody infusion
tria are being conducted. The possibility of increased occurrence
of safety events is thus greater in these populations and
simultaneously demands more accurate, efficient methods of
data collection.

Vaccine Uptake and Efficacy

Public perception and tolerance of licensed vaccinerisk indicates
that, in the absence of adirect threat from disease, some people
will not undergo vaccination unless absolute safety can be
assured [4]. If a successful HIV vaccine candidate is licensed
in the future, there is arisk that people may avoid vaccination
due to safety concerns. A systematic review of barriers to
participating in an HIV vaccine trial analyzed common themes
between studies and found that vaccine side effects and safety
were noted as barriers to participation [5]. The collection of
accurate safety data is vital to address these concerns. In a
systematic review of 50 randomized controlled vaccine trials
in developing countries, consistent documentation was key to
the successful implementation of international safety standards
in resource-poor settings [6]. Modern technologies, including
short message service (SMS) and mobile phone apps, were

https://www.researchprotocols.org/2018/10/e175/

recommended as possibly facilitating the monitoring of vaccine
safety in remote areas, where access to internet connectivity
may not always be possible [6]. This technology would allow
for real-time data collection, offering an improvement over the
hardcopy tool. Standardization of safety reporting across
multiple sites in developing countries was borne out in a
systematic review of safety data reporting in vaccine trials for
malaria, tuberculosis, and HIV, which focused partly on methods
used to collect and report side effects [7]. This review noted
imprecision and inconsistency of body temperature reporting,
whichisakey objective safety parameter. The proper collection
and documentation of unexpected side effects also allows for
regulators and sponsors alike to link uncommon side effects
across trials and sites, enabling the identification of sporadic,
serious side effects [7].

The Hardcopy Tool

Research staff collect reactogenicity datainitialy at the study
site before and up to 60 minutes after vaccination on CRFs. For
the remainder of the reporting period, participants collect data
off-site on a hardcopy tool. This demands extensive, intensive
training of participants on completion of this tool (in the
language of their choice) and training on the use of a
thermometer and ruler, for temperature and injection site
reactogenicity assessments, respectively. Participants are also
taught to objectively grade the severity of symptoms using a
standardized set of symptom criteria. Research staff are directed
to contact participants by telephone daily (in early-phase
protocols) or after 3 or 7 days (for later-phase protocols) to
check on participants health, collect and objectively grade
symptoms, and provide refresher training as needed. Objective
grading determines whether a symptom is mild, moderate,
severe, or life-threatening and facilitates clinical decision
making and symptom management on continuation of
vaccinations per participant and protocolwide. Staff document
these data directly onto corresponding CRFs on working days
and in a site-developed document outside of clinic operational
hours. This is then transcribed to CRFs on the next working
day. At the 2-week postvaccination safety visit, research staff
review the CRFs, hardcopy tool, and site-developed source
document (if applicable) with each participant to ensure that
CRF data are accurate. This process is repeated for each
vaccination visit within the protocol.

This exercise remains fraught with error from a multitude of
sources: daily data collection is not directly attributable to
participants, and there is no evidence that data are completed
contemporaneously; participants are often uncontactable at the
agreed-upon time or do not have the hardcopy tool with them
when contacted by staff to complete CRFs; participants may
not return the hardcopy tool to the site at the safety visit or at
all, and datahave to be reconstructed based on participant recall
2 weekslater; participantstend to grade symptoms subjectively
despite training; many hardcopy tool entries are incomplete or
incorrect; and staff need to document each error in detall
between the relevant documentation, making thetime and labor
the task consumes proportional to the number of errors. In
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addition, national research regulators may consider all or part
of the hardcopy tool as a source document, and errors such as
incorrect dates, overwriting, and entry of redundant or unclear
information by the participant must be documented in explicit
detail. If not, the siterisksincurring seriousfindings by external
monitors, directly affecting protocol quality metrics. For
moderate reactogenicity and other adverse events, the siterelies
on participant-initiated contact to determine whether a clinic
visit isrequired as mandated by the protocol. If thisis missed,
aprotocol deviation must be reported to the sponsor, regulator,
and ethics committee. Moreimportantly, participant safety may
be severely compromised if an unreported symptom fulfills a
pauserulefor the study, when all further vaccinations at all sites
may be held, pending arisk assessment.

The alternative to the systems detailed above would be daily
clinic visits for the duration of the reactogenicity period for
each vaccination time point. This would increase the cost of
participant reimbursements, negatively affect travel and
convenience for participants, and increase the research site's
workload for the day. The conduct of multiple studies per site,
necessitating a process efficiency system to reducevisit duration,
does not support this labor-intensive and inefficient process.

Mobile Health and Unstructured Supplementary
Service Data

Mobile health (mHealth) isthe practice of medicine and public
health supported by mobile devices, which have the potential
to facilitate aerts, reminders, and data collection, substantially
reducing the burden on health care systems|[8-11]. Unstructured
Supplementary Service Data (USSD) is a tool that transfers
messages directly over the mobile operator network, allowing
for an exchange between mobile phones and a network app. It
is accessed by user request, making use of short codes or text
strings to trigger certain services and facilitate high-speed,
interactive, session-based communication. The text string, up
to 160 characters long, can be used to establish a new session
or to continue an established session, with asterisk (*) and hash
(#) codes signifying the beginning and end of the request,
respectively. Most importantly, it is accessible on basic mobile
phones. In Botswana, research recommendations in mHealth
have alluded to the successful use of USSD by hedlth care
workers to retrieve treatment guidelines[12].

South Africais highly ranked fifth in the world for mobile data
usage[13,14], with more active subscriber identity module cards
than people and 128% active mobile connections among the
population [15]. By mid-2013, total mobile phone subscriptions
wereestimated at over 68 million [13]. USSD could prove useful
to implement real-time reactogenicity data collection, having
several advantages courtesy of its menu-based platform, namely,
speed and responsivity, affordability, real-time entry and access,
automation, user initiation, and simultaneous mass usage. It is
affordable and accessible, with the total cost of atypical session
depending on duration of the session (20 cents per 20 seconds;
US $0.074 dollar = 100 cents or 1 R). It allows only “yes’ or
“no” responses, thus shortening the session length and improving
affordability. SMS text messaging is managed manually, can
cost up to 100 cents per message, and would need to beinitiated
by the provider. Responses submitted by USSD are
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automatically deleted on the device, complying with data
confidentiality requirements of Good Clinical Practice and the
US Food and Drug Administration’s Code of Federal
Regulations Part 11. One of the cornerstones of the South
African National Department of Health’smHealth strategy [16]
commits the government to providing an mHealth
implementation plan to strengthen research and devel opment.

In this study, we propose the collection of reactogenicity and
adverse event data using a customized USSD tool, with the
objectives of developing and implementing a basic mobile
phone-based USSD tool for the collection of reactogenicity
data, establishing feasibility and acceptability among research
staff and participants, and determining whether the accuracy
and compl etenessis superior to the hardcopy tool. Piloting this
technology in the research setting in adevel oping country such
as South Africa in an early-phase tria will allow for
optimization of the system to facilitate collection of safety data
across multiple sites, in late-phase, large-scale studies and
eventual programmatic rollout.

The South African regulator follows South African Good
Clinical Practice Guidelines [17], which confirms the
compliance of USSD data collection as acceptable.

Methods

Study Design

Thisisan open-label, randomized controlled trial under the HIV
Vaccine Trials Network (HVTN) nested in the parent HVTN
108 trial, a phase 1/2a clinical trial to evaluate the safety and
immunogenicity of HIV clade C DNA, and of MF59- or
AS01B-adjuvanted clade C Env protein in various combinations,
in healthy, HIV-uninfected adult participants. The parent study
has a series of 4 vaccination time points in a 6-month period:
a months 0, 1, 3, and 6. The study will use 2 consecutive
vaccination time points, namely months 3 and 6, to implement
the USSD tool, with postvaccination feasibility and acceptability
surveys at the 2-week postvaccination safety visits. At months
0 and 1, al participants complete the hardcopy tool for
reactogenicity —assessment. The intervention is a
purpose-designed, study-specific USSD tool that collects all
the protocol-mandated reactogenicity data collected by the
hardcopy tool. At the time of initiating this paper, the USSD
tool and electronic surveys had been developed and approved,
and enrollment was ongoing.

Setting
The Centre for the AIDS Programme of Research in South

Africa (CAPRISA) eThekwini Clinical Research Site (ECRYS)
was chosen as the sole site for this study.

Approvals

The parent and this study were approved by the University of
Kwazulu-Natal's Biomedical Research Ethics Committee; in
addition, the parent study was approved by the University of
Kwazulu-Natal’s Institutional Biosafety Committee, the South
African Medicines Control Council, and the Department of
Agriculture, Forestry and Fisheries. The South African National
Clinical Trials Registry number for the parent study is
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NCT02915016. This pilot trial did not meet the US Food and
Drug Administration requirements for trial registration. We
received further review and approvals for this study from the
HVTN 108 protocol team, the HV TN Regulatory Affairsoffice,
HVTN Initiatives Program’sreview board, and HV TN Scientific
Governance Committee.

Statistical Consider ations

Accrual

Up to 30 slots may be allocated to the CAPRISA ECRSfor the
parent study. Recruitment for this nested study will target
enrolling al consenting, heathy, HIV-uninfected adult
participants aged 18 to 40 years enrolled in the parent study at
the CAPRISA ECRS in a 1:1 ratio to the hardcopy or USSD
tool.

Sample Size Calculations

We estimated the power for detecting areduction in error rates
for the USSD relative to the hardcopy tool arm via simulation.
We assumed that the total number of errors for a single
participant at a single visit would follow a Poisson distribution
whose mean we determined by the study arm the participant
was assigned to and differs depending on whether the participant
was randomly assigned to use the USSD or the hardcopy tool.
Data were simulated assuming 2 possible error rates for the
hardcopy group and 2 possible group sizes, and the error rate
for the USSD group was varied over a small range of values.
The simulated data were fit using a Poisson regression model
consisting of an intercept and a term for the study group, and
the coefficient of the study group was tested for equality with
0.

Study End Points

We will calculate error rates for both the USSD and hardcopy
tool for completeness (defined as an entry that should have been
completed, but was not) and for accuracy (thelevel of agreement
between the data collected either by hardcopy tool or by USSD
and the entries on the reactogenicity CRFs following a
discussion with the participant to confirm fina data; staff

Table 1. Power for differential sample size and error rates.

Mngadi et a

transcription errors and participant completion errors will also
be taken into account). Thiswill be expressed as errors per 100
pages compl eted.

Conditions Under Which Power is Computed

For means, the reported error count range for the hardcopy tool
is5 (“very good”) to 26 (“very bad’). We used a calculated
average (mean) error rate, likely lying in the range of 13to 17,
to compute power (Table 1).

For sample size, we used a maximum possible enrollment into
this ancillary study of 30 participants, based on the expected
dlot alocation for HVTN 108, which would result in 15
participants assigned to each of the USSD and hardcopy arms.
Since we are unlikely to achieve the maximum enrollment, we
computed power for 2 levels of enrollment that reflect poor and
good consent rates. The poor level assumes that a total of 20
participants consent to the ancillary study—an expected 10 per
group—which is a 56% consent rate. The good level of
enrollment assumes that 30 participants will consent—an 83%
rate—and would give us an expected 15 participants per group.

Since the data consist of repeated measures from individual
participants, they require modelling that accounts for the
correlation between measurements from the same person, and
one standard way is to use mixed-effects models. Count data
require us to use the generalized linear mixed-effects model
framework, and we will employ the negative binomial family
(rather than the Poisson) for the extra flexibility it provides.
Our model will contain at a minimum a fixed effect for the
method of data collection (USSD or hardcopy tool) and a
random effect for participant. When writing the statistical
analysis plan, we may consider models containing additional
fixed-effect terms (eg, for sex, visit number), as well as more
complex random-effect structures, and wewill incorporateterms
as appropriate based on modé fit criteria such as the Akaike
information criterion. Inference on the difference between
methods will be made by testing whether the estimate of the
collection method parameter is significantly different from O at
the .05 level.

Mean errors per participant per visit

Power to detect difference in means between HCT? and USSD® groups (%)

HCT ussD Reduction in error rate® n (%) 10 participants per group 15 participants per group
17 14 3(18) 40 55
17 13 4.(24) 65 80
17 12 5(29) 83 94
17 11 6(35) 95 99
13 10 3(23) 51 69
13 9 4(31) 80 90
13 8 5(38) 95 99

8Unstructured Supplementary Service Data vs hardcopy too.
bHCT: hardcopy tool.
CUSSD: Unstructured Supplementary Service Data.
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Discontinuation and Early Study Termination

The number and percentage of participants who discontinue
vaccination and thus who terminate the nested study early will
be tabulated by reason and intervention arm in the pilot study.

Data Management

For participants enrolled into the hardcopy tool arm, the tool,
CRFs, and other study documentation are the source for the
reactogenicity data over the 7-day postvaccination reporting
period.

For those randomly assigned to the USSD arm, thetool database
printouts, CRFs, and other study documentation are the source
for reactogenicity data. All participants randomly assigned to
the USSD arm will also receive a backup hardcopy tool in the
event of system errorsthat cannot be overcome with site support;
thesewill also be used as source, if applicable. Thetool database
printouts of reactogenicity reports are transcribed onto CRFs
by research staff.

Tools

Unstructured Supplementary Service Data Tool
Devel opment

The tool has been designed through a collaborative effort
between the service provider Channel Mobile (Cape Town,
South Africa) in consultation with the investigators and the
parent study HVTN Clinical Safety Specialist team. The tool
nameis pMOTAR (pilot study of Mobile Technology to Assess
Reactogenicity) for ease of reference for participants and
research staff.

Thefollowing design featuresfacilitate datainput and collection.
(1) All the data elements are included in the hardcopy tool of
the parent study. (2) As data are entered on the mobile phone,
uploads to the database are immediate. (3) Participants can
access the system multiple times in one day, to facilitate
completion of incomplete sessions. (4) A “preserve state’
enables participantsto continue from the last active screen where
they left off, if they were previously timed out or could not
complete the session for any reason. (5) Only minimal responses
arerequired for ease of use, for example, selection of anumber
corresponding to the symptom, followed by selection of a
number corresponding to the objective grading. (6) Participant
responses indicative of potential safety events, such asa“yes’
response to any expected or unexpected symptoms followed by
free text to denote the symptom, will also be available to staff
through contemporaneous alerts from the system routed to
designated staff mobile phone numbers. (7) Participants can
choose between 2 languages: English and Zulu. (8) Risk of harm
is minimal, as confidentiality is assured in that entered data
cannot be saved to the handset or transferred to another handset,
and are automatically deleted following submission; only
research staff have access to the entered data in the tool
database. (9) Reverse hilling is applied, such that participants
can log on to the system even if they have no airtime. At the
end of the session, the cost of the session is charged to the
research site. Thisensures ease of accessto and use of pMOTAR
with no possibility of the participant running out of airtime
during a session. (10) Automated SM'S reminders are sent out

https://www.researchprotocols.org/2018/10/e175/

Mngadi et a

at 08:00, 12:00, and 15:00 if the system is not accessed and the
tool is not completed. (11) Double entries have not been
disallowed so asto facilitate entry of updated measurements or
missed entries from a previous day that have been captured on
a hardcopy tool, perhaps because of connectivity issues on the
day of measurement. Each entry will trigger an SMS text
message to alert study staff, who can call the participant
immediately to clarify the reason and document the samein a
chart note, such that duplicate entries in the database can be
explained and analyzed appropriately.

Unstructured Supplementary Service Data Tool Database

Thefollowing tool database featuresfacilitate contemporaneous
access of information by research staff. (1) Printouts from the
tool database will serve as source documentation for compl etion
of CRFs. (2) Real-time access to the tool database allows staff
to review data in a timely manner and determine whether
immediate action to assess a participant’s response is required
to clarify an entry or to facilitate a site visit to assess safety. (3)
Reports can be downloaded and printed, and usage can be
tracked based on mobile phone number patterns from the tool
database. (4) An audit trail and an automatic daily backup of
the tool database is made to an external drive at 04:00. (5)
Physical serversare hosted at a secure data center with failovers
(switching to a redundant or standby computer server on the
failure or abnormal termination of the current server) to the
Amazon cloud (Amazon.com, Inc, Seattle, WA, USA) and
Azure (Microsoft Corporation, Redmond, WA, USA).

Unstructured Supplementary Service Data Tool Specifics

Theflow of the USSD app service for reactogenicity symptom
assessment isasfollows. First, amobile user initiates the service
by dialing the USSD string defined by the service provider
Figures 1-4 show sample screen flow strings.

Second, the USSD app server receives the service request from
the user and responds by sending the user a menu of options.
(1) The first menu allows selection of the preferred language,
either 1 for English or 2 for Zulu; the user responds by selecting
option 1 or 2 and then presses <SEND>. If the incorrect option
is selected, the user selects <CANCEL > and reselects. (2) The
next screen includes a greeting and a request to enter a 4-digit
unique identifying code provided by the research staff. (3) Once
the code is entered, an invitation to capture the temperature is
loaded, alowing the participant to enter a measurement to 1
decimal point. (4) After the participant selects <SEND>, an
automated menu of numbered local symptoms and choice of
responses is sent to the user. Local symptoms also reflect
whether vaccinations are given in the right or left upper arm,
or both. (5) If the participant selects either redness or swelling
at theinjection site, they will be prompted to enter measurements
in centimeters, initially from top to bottom, and then from side
to side. (6) If the participant responds by making a single
selection of another symptom, this will trigger an automated
response from the app, which sends out the sel ection of grading
(minimal, some, or major) by the participant. (7) Once the
participant selects <SEND>, they are returned to the original
symptom selection screen to select any other symptoms that
may be experienced. (8) If no other symptoms have been
experienced, the participant selects <NEXT>, then the system

JMIR Res Protoc 2018 | vol. 7 | iss. 10 €175 | p.8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Mngadi et a
loads the selection of systemic symptomsfor completion. (9) If  major, which equates to minimal, moderate, and severe) by the
the participant responds by making a single selection of a participant. (10) Once the grading for the selected symptom is
symptom, thiswill trigger an automated responsefromtheapp,  selected and the participant sel ects <SEND>, they will betaken
which sends out the selection of grading (minimal, some, or  back to the original systemic symptom selection screen.

Figure 1. The Sample Unstructured Supplementary Service Data Tool (string 1).

You have entered an
invalid unique code.

Welcometo MOTAR.

Incorrect Unique Code] ~ Please enter your

Correct Unigue Codg

Please choose your
prefered Language

Please measure your
temperature and enter

Selectnecessary
symptom/s and tell us
how it affected your
daily life. LEFT arm.

Please try again. unique code 1. English the value 1.Pain
- 2, Zulu 2 Tenderness
3 Redness
4.Swelling
5. Next
I:J
T T T 1
Option 4 Option 3 Option 2 Option 1
v ¥
Go to string 2 TENDERNESS Left PAIN Left Arm: Your

SWELLING Left Arm:
Measure your injection
site and enter the size in
CM, left to right

SWELLING Left Arm:
Measure your injection
site and enter the size in
CM, top to bottom

REDNESS Left Arm:
Measure your injection
site and enter the size in
CM, left to right

REDNESS Left Arm:
Measure your infection
site and enter the size in
CM, top to bottom

ARM:Your injection site
hurts only when itis
touched

1. Minimal

2. Some
3. Major

injection site hurts
even when it isn’t
touched.

1. Minimal

2. Some
3. Major
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Figure 2. Part 1 of the Sample Unstructured Supplementary Service Data Tool (string 2).

Select necessary
symptoms and tell us
how it affected your

for right arm

Option 5 for Left Arm = none, then skip
to right arm instructions and screens

daily life. Right Arm/
Thigh.

. Pain
. Tenderness

. Redness
. Swelling
. None

Option 5

Option 4

Please select one
option at a time and
press SEND if you
have the following
problems. We want to
know how much they
are affecting your daily
life.

Right Arm/Thigh
SWELLING (if swelling
at both injection sites,
measure and enter
the larger one. If they
overlap, measure and
enter the combined

1. Unusually tired/ area)

feeling unwell
. Muscle Pain
Headache
. Nausea
None

area)

LEFT TO RIGHT

(11) The last prompt from the system is for the occurrence of
any other unexpected symptoms, not previously listed on any
screens, and alows for free entry of text to describe the
symptom. (12) Each response occurs in amatter of seconds, in
quick succession, and in real time, and the participant is not
able to skip any screensto get to the end.

Third, once a participant selects <SEND>, the entered data are
automatically uploaded to the tool database and simultaneously
deleted from the handset, ensuring confidentiality.

Fourth, the app automatically endsthe session when <FINISH>
is selected, then delivers a “Thank you” message to confirm
completion of all questions to the participant.

Mobile phone numbers of consenting participants are obtained
from the locator information of the parent study records and
linked to unique confidentia identifying 4-digit codes, which
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RenderX

Right Arm/Thigh
REDNESS (if redness
at both injection sites,
measure and enter
the larger one. If they
ovelap, measure and
enter the combined

LEFT TO RIGHT

Option 1

Right Arm/Thigh
Tenderness: Your
injection site hurts only
when it is touched.

Right Arm/Thigh Pain:
Your injection site
hurts even when it isn’t
touched.

1. Minimal
2. Some
3. Major

1. Minimal
2. Some
3. Major

are assigned to the participant during training on the USSD
program and used by the participant to access the app.

The Hardcopy Tool

The hardcopy tool (Figures 5-7) is provided by the research
staff to the participant, who is trained in how to complete this
tool on the day of vaccination, before leaving the clinic. If a
participant experiences difficulty completing the tool at home,
they are informed to contact the site for support or inform the
staff during the daily call. Research staff telephone participants
either daily or according to the protocol directive, with the
expectation that the participant has access to the hardcopy tool
at thetime of the call. Research staff will ask the participant to
share temperature and any local injection site lesion
measurements with the research staff member, who then enters
thisinformation either directly onto the CRF on aworking day
or into a site-devel oped document for use on nonworking days
off-site.
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Figure 3. Part 2 of the Sample Unstructured Supplementary Service Data Tool (string 2).
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pMOTAR Clinical Procedures

Informed Consent and Screening Procedures

Research staff obtain written informed consent in the preferred
language of the participant and prior to any screening
procedures.

Participants are screened at avisit prior to the third vaccination
inthe parent study vaccination series, followed by an assessment
of eligibility, as per theinclusion and exclusion criteria. Selected
information from the parent study, namely informed consent
form and locator information, are accessed to confirm ligibility.
The participant identifying number from the parent study is
used to link data from this ancillary study to the parent study.

Mngadi et a

Enrollment and Randomization

Participants are enrolled and randomly assigned on the same
day as the third vaccination, following a review and
confirmation of eligibility, revisiting theinformed consent form
(as needed). Participantsin the intervention arm are assigned a
unique 4-digit code to accessthe USSD tool; participantsin the
control arm follow procedures for the parent study.

The randomization system uses computer-generated random
numbers, so that if 30 participants are enrolled, therewill be 15
in each arm. Sedled opaque randomization envelopes are
provided to the study coordinator for storage, to be opened in
sequential order. After the envelopes are opened, the date and
time of opening the envelopes, as well as the research staff
member's name, are documented on the envelope. This
information is then noted on the randomization sheet.

Figure 4. Part 3 of the Sample Unstructured Supplementary Service Data Tool (string 2).

You will be contacted
shortly for further
information if you
experienced any
symptoms. Thanks for
your responses. [end
screen]

Enter other symptoms

1. Minimal
2. Some
3. Major

https://www.researchprotocols.org/2018/10/e175/

Joint Pain

1. Minimal
2. Some
3. Major

Chills Vomiting

1. Minimal
2. Some
3. Major

1. Minimal
2. Some
3. Major
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Figure 5. Sample hardcopy tool (page 1).

POST-VACCINATION SYMPTOM LOG

wcammonvs. QOO O
1 2 3 4

STUDY SITE CONTACT:

Figure 6. Sample hardcopy tool (page 2).

DAY OF INJECTION PTID# DATE[ 10 /0 10 1l 1/20[ I 1

Docurnent any symptoms from the time you leave the clinic until 11:59 PM (23:59).

@ TAKE YOUR TEMPERATURE

[]AM

°C . OR :

. : : CIem
TIME TAKEN TIME TAKEN
(24 hour clock) {12 hour clock)

@ INJECTION SITE SYMPTOMS
Does the injection site hurt? Is the injection site red or swollen? If the injection site is red or swollen, please
measure the area of redness or swelling. How much do these symptoms affect your daily life, such as work, school, shopping,
cooking, fitness activities, and hobbies? Document any symptoms from the time you leave the clinic until 11:59 PM (23:59)

injection
IF ANY, MEASURE (cm):

P
site 1 - -
. w .q I—II— w (left/right) (top/bottom)
NONE MINIMAL SOME MAJOR NONE ¢ > I
w0 G00O00d s O
cm cm
tenderness: () 4).0.0.(:).0_0_(:) swelling: () — T
LR

By pain we mean that the place where you got your injection hurts even when it isn’t touched.
By tenderness we mean that the place where you got your injection hurts only when it is touched.

TURN OVER —x

injection

site 2 and 3 [ ] IF ANY, MEASURE (cm):
w % H w {left/right) (top/bottom)
NONE  MINIMAL  SOME MAJOR NONE — I

pain: ¢_O_O_¢_O_o_¢ redness: (O
cm cm
tenderness: swelling: —_— ——
0 0000000 0 —

By pain we mean that the place where you got your injection hurts even when it isn’t touched,
By tenderness we mean that the place where you got your injection hurts only when it is touched.

If redness or swelling appears at both injection sites, measure and record the larger one. If they overlap,
measure and record the combined area.

All participants are trained in the use of either the hardcopy or are trained in the use of the hardcopy tool as a backup; this
USSD tool, depending on arm assignment, and intheuse of the  training isrepeated at the next vaccination time point (3 months
thermometer and ruler. The participantsin theinterventionarm  after enrollment). Likewise, all participants, irrespective of arm
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assignment, receive site contact details to assist with tool
completion (if they experience difficulty once off-site) or to
report additional problems.

Eligibility Criteria
Participants are healthy, HIV-uninfected (seronegative) adults

enrolled in the parent study, who comprehend the purpose of
the study and have provided written informed consent.

The inclusion criteria are (1) HIV-uninfected male and female
adults, 18 to 40 years of age, who are enrolled in the parent
study at the CAPRISA ECRS; (2) participants who have
confirmed full accessto acompatible mobile phoneand willing
to receive text reminders; (3) participants who have the ability
and willingness to provide informed consent; (4) participants

Figure 7. Sample hardcopy tool (page 3).

Mngadi et a

who are English or Zulu speaking; and (5) participants who
have demonstrable text message literacy.

The exclusion criteria are (1) participants who have missed
vaccination visits at month 0 or 1 in the parent study; (2)
participants who have had vaccination visits discontinued
(temporarily or permanently); (3) participantswho have mobile
phones on a contractual basis, paying a monthly service and
airtime fee over 24 months from purchase, asreverse billing is
not compatible with this system; and (4) participants who have
any significant condition or process that renders the participant
incapable of participating that would interfere with or serve as
a contraindication to protocol adherence, assessment of safety
or reactogenicity, or a volunteer’s ability to give informed
consent as per the investigator’s decision.

@ TELL US HOW YOU FEEL
Do you have any of these problems? How much are they
affecting your daily life, such as work, school, shopping,
cooking, fithess activities, and hobbies?

I B

NONE
4 unusually
@ tired/feeling unwell: O
@ muscle aches: O
3
‘.‘ 4 . headache: O
)
_‘_@ nausea: O
vomiting: @)
&
chills: O
2
@ Joint pain: O

AFFECTING DAILY LIFE

MINIMAL SOME MAJOR

NOTES (OPTIONAL)

..............................................
..............................................

DO NOT SUBMIT TO SDMC

HOW TO MEASURE REDNESS & SWELLING

(Left/right) (top/bottom)
—
@ injectionsite— @ ==
area of redness/ _—
swelling L
— “
L
1 2 3 (em)

{cm)
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Blinding

Participants and site staff are unblinded as to participant
intervention group assignments for the 2 arms of this study but
remain blinded to the treatment assignment of the parent study.
The Statistical Data Management Centre staff for the parent
study are blinded to the group assignments in this nested study
to maintain the integrity of the blinding for the parent study.

Follow-Up

Follow-up visits are aligned with the 2-week postvaccination
safety visit of the parent study at each designated vaccination
time point. At these scheduled safety visits, in addition to the
parent study procedures, a computerized feasibility and
acceptability survey is completed on a tablet, by both
participants and research staff members. Participants have
separate surveysfor either the USSD tool (M ultimedia Appendix
1) or hardcopy tool (Multimedia Appendix 2), while staff have
one survey that compares the two (Multimedia Appendix 3).

Reactogenicity Assessments

The reactogenicity assessment period for the parent study is 7
full days following each vaccination (Tables 2 and 3). For

Mngadi et a

participants assigned to the hardcopy tool arm, participants
complete the tool off-site daily for 8 days (day O to day 7, day
0 being the night of the vaccination). Research staff contact
participants daily for thefirst 4 days only (a phone call is made
to check on the reactogenicity assessment done the day before)
during the assessment period to determine whether the objective
grading, as per the US Nationa Institute of Allergy and
Infectious Diseases Division of AIDS (DAIDS) adult and
pediatric toxicity table [18], is confirmed. If the grading is
confirmed, arepeat call the next day will be made to determine
whether the symptom is resolving. If the symptom is not
resolving, the participant will be brought into the clinic for a
clinician assessment within 48 hours of onset of the symptom,
as per the protocol. Participants document day 4 to 7 data on
the tool without daily telephone review by the staff and return
the tool at the 2-week postvaccination safety visit for review
and reconciliation with CRFs and other site documentation.
Data from the day 0 to day 3 contacts are entered directly onto
the relevant CRFs during working days and into site-devel oped
source on nonworking days. Participants are instructed to alert
the site of any moderate reactogenicity symptoms on the day
or any unexpected adverse events, that is, symptoms not listed
in the hardcopy tool.

Table 2. Reactogenicity procedures hardcopy versus Unstructured Supplementary Service Data (USSD) tool.

Reactogenicity day  Hardcopy tool

USSD tool

Day O Train on use of tool, thermometer, and ruler

Train on use of tool, thermometer, and ruler; provide unique access
code

Day 1

Call participant and complete source documentation for
reactogenicity for day O; enter into parent study database

Day 2 Call participant and complete source documentation for
reactogenicity for day 1; enter into parent study database

Day 3 Call and complete source documentation for reactogenicity
for day 2; enter into parent study database

Day 4 Call and compl ete source documentation for reactogenicity
for day 3; enter into parent study database

Day 5 Call and complete source documentation for reactogenicity
for day 4; enter into parent study database

Day 6 Call and complete source documentation for reactogenicity
for day 5; enter into parent study database

Day 7 Call and complete source documentation for reactogenicity
for day 6; enter into parent study database

Day 8 Call and complete source documentation for reactogenicity

for day 7; enter into parent study database

Send reminder text Access database and print reactogenicity data
for day O; transcribe onto CRFand enter into parent study database

Send reminder to accessthe USSD A ccess database and print reac-
togenicity datafor day 1; transcribe onto CRF and enter into parent
study database

Send reminder mail to accessthe USSD by bulk SM SPtext messag-
ing Access database and print reactogenicity datafor day 2; tran-
scribe onto CRF and enter into parent study database

Send reminder to accessthe USSD Access database and print reac-
togenicity datafor day 3; transcribe onto CRF and enter into parent
study database

Send reminder to accessthe USSD A ccess database and print reac-
togenicity datafor day 4; transcribe onto CRF and enter into parent
study database

Send reminder to accessthe USSD Access database and print reac-
togenicity datafor day 5; transcribe onto CRF and enter into parent
study database

Send reminder to accessthe USSD A ccess database and print reac-
togenicity datafor day 6; transcribe onto CRF and enter into parent
study database

Send reminder to accessthe USSD Access database and print reac-
togenicity datafor day 7; transcribe onto CRF and enter into parent
study database

8CRF: case report form.
bsMmSS: short message service.
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Table 3. Schedule of reactogenicity assessments.

Mngadi et a

Day Time Performed by

R Baseline: before vaccination HIV Vaccine Trials Network clinical research site staff

0 Early: 25-60 minutes after vaccination HIV Vaccine Trials Network clinical research site staff

0 Between early assessment and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
1 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
2 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
3 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
4 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
5 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
6 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool
70 Between 12:00 AM and 11:59 PM Unstructured Supplementary Service Data or hardcopy tool

3Day of vaccination.

BNew or unresolved reactogenicity symptoms present on day 3 are followed until resolution.

Participants allocated to the USSD arm are instructed to await
areminder text message daily during the 7-day reactogenicity
period to accessthe system, enter the unique code, and complete
the tool. Any symptoms reported and graded subjectively by
the participant as moderate result in an immediate aert to
selected research staff, via SM'S text message to their mobile
phones. A clinica staff member will then contact the participant
by telephone to determine whether the objective grading, as per
the DAIDS adult and pediatric toxicity table[18], is confirmed.
If it is confirmed, the file is flagged to check the grading the
next day on the database to determine whether a clinic visit is
required, as per the protocol. Alerts for unexpected symptoms
will also result in a site-initiated telephone contact to obtain
detail, grade the symptom objectively, and facilitate reporting.
Printouts from the USSD database of completed reactogenicity
assessments per day will be stored in the participant binder
following transcription onto a CRF and entry into the parent
study database. Participants complete the USSD tool daily for
8 days on the day and at the time of the assessment; no phone
cals from the site are necessary unless grade 2 or higher
symptoms are reported, repeated entries are made, or the system
shows that the participant has not logged in by 15:00 of the
same day. If a participant misses a day, they can complete the
tool retroactively for the previous day. If symptomsincreasein
severity after the USSD tool has been completed, it may be
updated by the participant on the same day. Any dua entries
on a single day prompt a call from site staff to ascertain the
reason, which is documented in the site records.

Symptoms that are present at day 7 can only be detected
contemporaneously and followed up in the intervention arm,
allowing follow-up until resolution at a frequency determined
by the investigator, for example, a call a few days later to
document a resolution date. For the hardcopy tool, symptoms
present at day 7 will only be known at the follow-up safety visit
when the hardcopy tool is returned and reviewed or if the
participant proactively alertsthe site staff. If the participant does
not document thisin the hardcopy tool on the day that symptoms
resolve, recall bias may affect the accuracy of the data when
checked at the safety visit.

https://www.researchprotocols.org/2018/10/e175/

A backup hardcopy tool is given to al participants assigned to
the USSD arm, so that in the event of technical challenges that
cannot be resolved by site or provider staff, reactogenicity data
are not lost to the parent study.

Termination From the Study

Under certain circumstances, an individual participant may be
terminated from participation in this study. Specific eventsthat
will result in early termination are (1) the participant refuses
further participation, (2) the participant no longer possesses a
mobile phone, (3) the participant isterminated from the parent
study before the vaccination series is completed, (4) the
participant relocates, (5) research staff determine that the
participant is lost to follow-up, (6) the investigator decidesin
consultation with the coinvestigator to terminate participation,
for example, if a participant exhibits inappropriate behavior
toward clinic staff, and (7) any condition where termination
from the study is required by applicable regulations.

In the event of early participant termination from the ancillary
study only, research staff would consider whether thefollowing
assessments are appropriate: afinal feasibility and acceptability
guestionnaire with participant consent, and a reminder in the
participant binder to provide a hardcopy tool at the next visit,
if appropriate. Data already collected would still be used in the
final analysis.

The pMOTAR may be terminated early by the determination
of the parent protocol Safety Review Team, the regulatory body,
the ethics committee, or the sponsor.

Social | mpacts

Social impacts occur when participants experience any
psychological, legal, economic, or emotional harms as a direct
result of their participation in a research study; these will be
reported in the parent study. The possibility of participantsin
thisancillary study experiencing social impactsislow to none,
asdata are del eted from the device automatically on submission
and can only be accessed with the unique 4-digit identifying
code.
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Results

The USSD app has been developed and implemented. Data
collection has been completed, and results will be published in

aprimary paper.

Discussion

Implications of the Research

If collection of reactogenicity data by the USSD tool is proven
to be feasible, accessible, and superior in completeness and
accuracy to the hardcopy tool, it will leverage the use of maobile
phones and USSD apps for routine collection of reactogenicity
datain future safety and efficacy studies of vaccine candidates,
and in eventual programmatic rollout. Our experience in
development and implementation of the USSD app will alow
for adjustmentsto any future devel opment and implementation
in order to reduce challenges and facilitate seamless collection
of dataacross al sites and studies, with appropriate training. If
successful, it will facilitate contemporaneous reactogenicity
data capture, whileimproving efficiency and accuracy. Accurate
safety data collection may allay participant and public fears of
side effects, leading to increased uptake of HIV vaccines in
research studies, and eventualy in programmatic rollout.
Improved uptake will contribute to producing the herd immunity
required to ensure a halt to transmission in endemic areas.

Strengths and Limitations

Using arandomized controlled clinical trial to assessfeasibility,
accessibility, completeness, and accuracy of the USSD isakey
strength of this study. Ensuring that the USSD and hardcopy
tools collect exactly the same saf ety data means that the saf ety
end points and potential impact on the objectives and analysis
of the parent study are not compromised. Unlike the hardcopy
tool, the USSD tool cannot be lost, even if the mobile phoneis
lost, because the data having been uploaded to the database will
still be available for entry onto CRFs. From a technology
innovation perspective, the selection of USSD as the delivery
mechanism for the intervention is an added strength, based on
accessibility on any basic mobile phone. Contemporaneous
alerts to research staff of moderate symptoms allows for
real-time follow-up to ensure symptoms are resolving and to

Acknowledgments

Mngadi et a

assess Whether aclinic assessment is required or a parent study
pause rule has been met. Erroneous temperature data can also
be immediately identified, and the participant can be contacted
inatimely manner to repeat the measurement. The USSD unique
code increases the likelihood that the participant is completing
the data; the prepopul ation of the user, dates, and timesrecorded
by the system on log-in removes duplication of data fields for
possible error, thus improving the overall quality of the data.
Data can be accessed in real time by staff and transcribed onto
CRFs, facilitating earlier entry into the parent study database.
Confidentiality is assured by autodeletion of any data entries
after completion of a USSD string and submission to the tool
database, averting the possibility of social harm. Preservation
of thelast active screen buildsin efficiency, so that a participant
does not double enter data for the same data field erroneoudly.

Limitations include that the study is not blinded, in terms of
alocation of intervention; however, data analysis staff at the
Statistical Data Management Centre will be blinded to the
allocation at the time of analysis of the parent study safety data,
thus maintaining the integrity of the parent study blinding. Errors
in USSD entry cannot be corrected in real time without a
duplicate entry on the same or next day. The USSD toal is
limited to text only, and the lack of graphical representations,
including the use of bold typeface and color, reduces the
attractiveness of the user interface, as well as the appea to
participants who respond to graphics more easily than text.
Technological challenges when the network signa is poor or
handsets are not fully charged are also potential limitations, as
is the recruitment from only 1 site and the small sample size,
which reduces the generalizability of this study and the
reliability of the answer. It is possible that countries with lower
mobile phone coverage and access may have reduced text
literacy, which would affect the utility of thetool acrossregions.

Conclusion

This s, to our knowledge, the first South African randomized
clinical trial to test thefeasibility and accessibility of the USSD
tool for collection of reactogenicity datainan HIV vaccinetrid,
and to attempt to prove superior accuracy and completion to
the hardcopy tool. Thiswould, we hope, improve thereliability
of safety data and possibly increase uptake of vaccinesthrough
accurate reporting of safety data.
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Multimedia Appendix 1

Survey for participants on acceptability of the pilot study of Mobile Technology to Assess Reactogenicity (pMOTAR) app.
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Multimedia Appendix 2
Survey for participants on acceptability of the hardcopy tool.
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Multimedia Appendix 3
Survey for staff members on acceptability of the pilot study of Mobile Technology to Assess Reactogenicity (pMOTAR) app.
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CRF: case report form

DAIDS: Division of AIDS

ECRS: eThekwini Clinical Research Site
HVTN: HIV Vaccine Trials Network

mHealth: mobile health

SM S: short message service

USSD: Unstructured Supplementary Service Data
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Abstract

Background: Varenicline and bupropion are efficacious, prescription-only pharmacotherapies for smoking cessation; however,
their real-world impact is limited by prescriber knowledge, affordability, and accessibility.

Objective: The primary objective of the MATCH (Medication Aids for Tobacco Cessation Health) study was to evaluate the
real-world, long-term effectiveness of mailed bupropion and varenicline in a sample of interested smokers with the utilization of
Web-based recruitment and follow-up. In addition, the study aims to investigate the genotypic and phenotypic predictors of
cessation.

Methods: Thisis atwo-group, paralel block, randomized (1:1) open-label clinical trial. This study will be conducted online
with the baseline enrolIment through the study’s website and follow-up by emails. In addition, medication prescriptions will be
filled by the study contract pharmacy and couriered to participants. Individuals who smoke =10 cigarettes per day and intend to
quit within the next 30 dayswill be recruited through Public Health Units and Tobacco Control Area Networksthroughout Ontario
by word-of-mouth and the internet. Eligible participantswill receive an email with aprescription for 12-week assigned medication
and aletter to taketo their physician. The recruitment and randomization will continue until 500 participants per arm have received
medication. All participants will receive weekly motivational emails during the treatment phase. The primary outcome measure
is the smoking status after 6 months, biochemically confirmed by mailed-in salivary cotinine. Follow-ups will be conducted
through emails after 4, 8, 12, 26, and 52 weeks of starting the treatment to assess the smoking preval ence and continuous smoking
abstinence. In addition, mailed-in saliva samples will be used for genetic and nicotine metabolism analyses. Furthermore,
personality characteristics will be assessed using the Big Five Aspect Scales.

Results: The project was funded in 2014 and enrollment was completed in January 2017. Data analysisis currently underway.
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Conclusions: Tothebest of our knowledge, thisisthefirst randomized controlled trial to mass distribute prescription medications
for smoking cessation. We expect this method to be logistically feasible and cost effective with quit outcomesthat are comparable

to published clinical trials.

Trial Registration: ClinicaTrials.gov NCT02146911; https://clinicaltrials.gov/ct2/show/NCT02146911 (Archived by WebCite

at http://lwww.webcitation.org/72CZ6AvX Z)
Registered Report Identifier: RR1-10.2196/10826

(JMIR Res Protoc 2018;7(10):€10826) doi:10.2196/10826

KEYWORDS

bupropion; genetics; internet; personality traits; smoking cessation; tobacco; varenicline

Introduction

Background

The prevalence of tobacco smoking in developed countries has
steadily declined over the past three decades. However, with
16% of the general Canadian population aged =15 years [1],
the prevalence of smoking remains a formidable cause of
mortality and morbidity in Canada. The burden of tobacco use
ishigh, resulting in Can $17 billion in direct and indirect costs
to the Canadian economy [2]. Clinical interventions are an
important component of comprehensive tobacco control
strategies [3]. Nicotine replacement therapy, bupropion, and
varenicline are proven to be efficacious pharmacological aids,
doubling the chances of successin quitting smoking [4-6].

To date, 3 randomized controlled trials (RCTs) have compared
varenicline, bupropion, and placebo [6-8]. The primary outcome
measure was continuous abstinence rates (CARS) at various
time points as follows. weeks 9-12 (end of treatment), weeks
9-24 (6-month time point), and weeks 9-52 (1-year time point).
Only one trial reported a significant difference in CARs after
52 weeks [7] with varenicline having significantly higher
long-term abstinence rates than bupropion (23% vs 14.6%,
respectively; oddsratio [OR] 1.77, 95% CI 1.19-2.63, P=.004).
However, an identical clinical trial conducted in parallel with
the same sample size [6] did not show a significant difference
in CARs between varenicline (21.9%) and bupropion (16.1%;
OR 1.46, 95% CI 0.99-2.17, P=.06) after 52 weeks.

Therefore, although there is limited evidence for the superior
long-term efficacy of varenicline, no study has assessed the
real-world effectiveness of these medications for long-term
abstinence. This is important because of some significant
differences between clinical trialsand real-world settings, which
could influence cessation treatment outcomes; for example,
clinical trials have strict dligibility criteria, excluding
participants with certain comorbidities. Therefore, participants
in these studies are in better health compared with the general
population. In addition, treatment with medicationsin clinical
trials is accompanied by one-on-one smoking cessation
behavioral counseling often on aweekly basis, whichislargely
unavailable in real-world settings [7]. These factors together
havethe potential to restrict the external validity of clinical trial
findings. As such, there is a need to assess the real-world
effectiveness of these prescription medications at a population
level to further strengthen the evidence base for the effective
treatment of tobacco dependence.

https://www.researchprotocols.org/2018/10/e10826/

Even though proven efficaciousin clinica trials, according to
the Canadian Tobacco Use Monitoring Survey in 2007, less
than half of smokerswho have ever attempted to quit have used
asmoking cessation aid [9]. Most of these smokersidentify the
lack of access to adequate and evidence-based information, in
addition to the cogt, as reasons for not using these smoking
cessation pharmacotherapies [9]. Furthermore, bupropion and
varenicline are only available by a prescription from alicensed
practitioner. Therefore, in addition to knowledge and
affordability, their population-level impact is limited by
accessibility. Furthermore, smoking cessation clinicsarelimited
in number, and a survey conducted in Canada demonstrated
that the occurrence of smoking cessation discussion between
physicians and patients is not common. In fact, of 88% of
smokerswho visited aprimary care physician in the year prior,
only half received any advice on quitting or reducing smoking
[10]. Effortsto addressthese barriers could greatly improve the
use and effectiveness of these smoking cessation medications
in real-world settings [11]. Furthermore, mass distribution
approaches, bypassing clinics and physicians, have been
successful for nicotine replacement therapy [12,13]. However,
bupropion and varenicline have the potential to make a greater
impact, given their superior results from clinical trials.

Study Aims

The primary aim of this large RCT is to assess the long-term
cessation rates associated with bupropion and varenicline
treatment using the internet as a novel approach. Secondary
aims include investigating the pharmacogenetic factors and
phenotypic characteristics affecting nicotine dependence and
smoking cessation outcomes.

Hypotheses

The hyphotheses of the study are as follows: the long-term
abstinence rates (at 6-month follow-up) will be significantly
higher in the varenicline group than in the bupropion group; the
overall quit rates will be similar to those reported from
traditional RCTSs; and specific genotypes and phenotypes of
individuals will influence smoking treatment outcomes.

Methods

Study Design

The Medication Aids for Tobacco Cessation Health (MATCH)
study is an internet-based pragmatic randomized clinical trial.
This study is open-label, wherein €eligible participants are
randomly assigned to study medication, bupropion (Zyban) or
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varenicline (Champix), for 12 weeksin conjunction with weekly
motivational emails. All participants will receive medication
plus an identical email-based behavioral intervention. The
research methods and protocol for this study have been approved
by the standing Research Ethics Board (REB) at the Centre for
Addiction and Mental Health (CAMH) with the reference
number 200/2012. This study isregistered at Clinical Trials.gov
(NCT02146911). Figure 1 shows a CONSORT (Consolidated
Standards of Reporting Trials) diagram for the study outlining
estimates for the recruitment and dropout. Thefigureillustrates
the estimated participant flow of the proposed intervention trial.
It demonstrates the expected participant numbers in the
enrollment and study completion processes. The estimated
number of participants active at each stage of the study are
estimated based on the pilot study conducted previously [14].

Setting

Web-Based Consent, Self-Assessment, and Automated
Eligibility Determination

Figure 2 shows the flowchart of participants through different
components of the study. It includes the enrollment process,
followed by randomization, mailing of the medication, and
follow-up surveys completed at various time points.

Interested individuals will visit the study website and read a
brief description of the study purpose, its procedures, and
treatments provided. Those interested in participating will read
the study information and consent form and provide their
consent by clicking “yes’ on the study website; they may also
indicate whether they would like to be contacted for future

Zawertailo et al

studies. Individuals are permitted to participate in the study
even if they do not give consent to be contacted for future
studies. After completing the consent form, participants will
complete the baseline survey, which will take approximately
20 minutes. The baseline questionnaire collects information on
demographics, socioeconomic factors, education, ethnicity,
smoking habits (cigarettes smoked per day, duration of daily
smoking, and when participants first began smoking),
importance and confidenceto quit, substance and a cohol usage,
concurrent usage of other medication(s), and any psychiatric
comorbidities (ie, depression, anxiety, and schizophrenia).

Inaddition, if eligible, participantswill be asked if they consent
to provide a saliva sample for the genetic testing component of
the study. If they agree to enroll in this substudy, they will
complete the Big Five Aspect Scale personality test online
through the study website, which will take approximately 10-15
minutes. Big Five Aspect Scaleisaself-reported public domain
test, which assesses the big 5 personality traits by asking 100
guestions answered on a 5-point scale ranging from “ strongly
disagree” to “strongly agree” [14]. Individualswill be permitted
to take part in the efficacy study even if they do not consent to
participation in the genetics substudy. The questionnaires used
have been published previously and include the Fagerstrom test
for nicotine dependence [15], the BFAs for accessing the big 5
personality traits—extraversion, neuroticism, conscientiousness,
agreeableness, and openness to experience [14]—and Patient
Health Questionnaire for the evaluation of depression [16].
These questionnaires have been widely used in clinical studies,
involving smoking, and extensively validated [14-16].

Figurel. Anoverview of the proposed intervention trial (CONSORT [Consolidated Standards of Reporting Trials] diagram).

| Participants Assessed (n=3000) |

Ineligible (n=1000)

4| Participants Randomized (n=2000) }7

Allocated to Treatment A (n=1000)
Received Treatment A (n=500)
Did not receive Treatment A (n=500)

Allocated to Treatment B (n=1000)
Received Treatment B (n=500)
Did not receive Treatment B (n=500)

Discontinued Treatment A (n=75)

Discontinued Treatment B (n=75)

12 Week Follow Up
70% Attrition

12 Week Follow Up
70% Attrition

Included in efficacy |

I Included in efficacy

analysis (n=450)
26 Week Follow Up

Included in Safety 60% Attrition

analysis (n=450)
26 Week Follow Up

60% Attrition Included in Safety

analysis (n=500) |

| analysis (n=500)

52 Week Follow Up
50% Attrition

52 Week Follow Up
50% Attrition
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Figure 2. Participants’ flowchart. BFAS: Big Five Aspect Scale.
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After submitting the completed questionnaires, individual swill
be notified, through an on-screen message, whether they are
eligible for the study. Those who are eligible will receive an
email, including their medication assignment, the study
information and consent form, astandardized | etter to the doctor
to convey information about the study, and a standard script for
the study medication they have been assigned to for their
physician (or other licensed prescriber) to sign. Because there
are no in-person study visits, Salivette kits will be mailed out
at the time of study enrollment to verify the participants
smoking status.

In addition, baseline saliva sample will be used to measure the
nicotine metaboliteratio, whichistheratio of 3-hydroxycotinine
and cotinine (COT) concentration; thisisavalidated phenotypic
biomarker of the CYP2A6 enzyme activity [17]. Furthermore,
Salivettekitswill be sent at weeks 4, 26, and 52 to measure the
sdivary COT level for the biochemical verification of
abstinence. Those who consent to the genetics substudy will
receive a second email with the genetics study information and
consent form and the Oragene salivaDNA kitsby mail to collect
a DNA sample for the pharmacogenetics component of the
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study. Participants will be compensated for each DNA (if
applicable) and subsequent saliva samples received.

Patient Visit to a Licensed Practitioner

All eligible participantswill berequired to visit their physician
or another licensed prescriber within 5 weeks from the
enrollment date to sign the prescription for their assigned
medication. Reminder emails will be sent after 2 weeks of the
enrollment date to make sure that the participants have booked
an appointment to visit their practitioner. At the visit,
participants will discuss their medical history, the medications
they are on, and any other concerns they have regarding the
treatment. At hisor her discretion, alicensed practitioner may
either sign the prescription for study medication or choose not
to prescribe the assigned medication to their patient. The
practitioner’s office will then fax the signed prescription to a
mail-order pharmacy contracted to do the study that will then
fill the prescription.

Mail-Out Pharmacy
Prescriptions signed by a licensed practitioner and verified to
be authentic will be filled and mailed to the participants
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addresses by the contract mail-order pharmacy. In accordance
with the Ontario College of Pharmacists' standard of practice,
pharmacists will call each study participant at the time of
dispensing (ie, mailing) the medication to inform participants
about directionsto use the medication, discuss possiblealergies,
concomitant medications, and offer counseling.

Participants

Inclusion and Exclusion Criteria

Thefollowing inclusion criteriawill need to be met before any
individual israndomly assigned to one of the 2 treatment arms:
Ontario resident; having avalid email address; aged at least 19
years, current daily smoker; smoking at least 10 cigarettes per
day; smoked daily for at least the past year; and have an
intention to quit smoking within 30 days of receiving the
medication. The following are criteria that will exclude an
individual from being randomly assigned to one of the 2
treatment arms: a history of psychotic disorder (schizophrenia
or bipolar disorder) or eating disorder; brain injury; seizure
disorder; pregnancy, lactation, or at risk of becoming pregnant;
allergy or sensitivity to bupropion or varenicline; or currently
taking varenicline or Champix, bupropion or Zyban or
Wellbutrin, monoamine oxidase inhibitors, thioridazine,
antidepressants, or other medications containing bupropion
hydrochloride.

Recruitment and Randomization

The primary method of recruitment for this study will be by
word-of-mouth through family, friends, or health care providers.
The Smoking Treatment for Ontario Patients Study [12,13],
also conducted by theinvestigators of thistrial, has successfully
built a collaborative network of providers from public health
units, community health centers, family health teams, and
community pharmacies across Ontario. This network of
providers has proven to be effective in disseminating new
treatment opportunities to smokers in their area. Interested
individuals will self-identify and will be directed to enroll
through the study website. Moreover, as part of the consenting
procedure for those who participated in the Smoking Treatment
for Ontario Patients Program, individualswill be asked whether
they would liketo be contacted about new research opportunities
by CAMH. Those who choose “yes” will then beincludedin a
database forming a smokers' registry that can be contacted in
case new research opportunities come up. Thissmokers' registry
will be another method of recruitment used for this study.
Furthermore, the public will beinformed about the study through
CAMH social mediaaccounts, Smokers' Helpline, and Facebook
advertisements.

Randomization

Eligible participants will be randomly assigned to one of the 2
study arms (varenicline or bupropion). Permuted block
randomizationinal:1 ratio in blocks of 100 will be employed.
The randomization process will be computerized. Owing to the
large proposed sample size in this study, there will be no
stratification or minimization.
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Current Recruitment Status

Study recruitment is no longer active; however, there are still
few 1-year follow-ups that are yet to be completed by
participants.

Retention Strategies

Weekly motivational emails and payment for mailed-in saliva
samples at the 4-week time point will be used to encourage
treatment fidelity and maintain engagement in the study.

Sample Size

In the 2 head-to-head RCTs of varenicline versus bupropion
[6,7], participants were randomized 1:1:1 to varenicline,
bupropion, or placebo arms with 341-345 participants in each
group. In the trial conducted by Gonzales et a [6], the 9- to
52-week CARs were 21.9% in the varenicline group versus
16.1% in the bupropion group (OR 1.49, 95% CI 0.99-2.17,
P=.057). In the trial conducted by Jorenby et a [7], the 9- to
52-week CARs were 23% in the varenicline group compared
with 14.6% in the bupropion group (OR 1.77, 95% CI 1.19-2.63;
P=.004). Because this is an effectiveness trial, we anticipate
lower quit ratesoverall. Indeed, in our previousfeasibility study
[18], 7-day point prevalence abstinence (PPA) rates after 6
months (intention-to-treat analysis) were 18.9% in those who
received varenicline and 17.4% in those who received
bupropion.

To be sufficiently powered to detect a significant differencein
the 26-week CARs, we plan to randomize 500 subjects to each
medication arm. We predict that the real -world abstinence rates
will be dightly lower than those observed in clinical trials and
may be similar to what we found in our nonrandomized study
that this protocol is based on [19]. Therefore, we assumed that
the 26-week CAR in the varenicline-treated group would be
20% compared with 15% in the bupropion-treated group. At
500 subjects per group, we will have 80% power to detect a
significant difference between groups a a .05 level of
significance.

Blinding

This is an open-label, clinical trial; therefore, the procedures
will not be blinded because participants will need to visit their
physician to approve their randomized medi cation. Pharmacists,

primary care providersand research personnel will know which
medi cation participants have been assigned to.

M edication

Compliance with the prescribed regimen will be measured by
participants’ self-report follow-up assessments at weeks 4, 8,
and 12. In addition, saliva sample kits will be mailed out to
participants at week 4 for the biochemical analysisof drug levels
to confirm medication compliance. Participants will be
compensated for each sample received.

Behavioral Support

All eligible participants will receive 12 weekly motivational
emailsfor the duration of treatment. The emailsincludetipson
several things, other than the medications, which participants
can do to help them quit smoking. The contents of the emails
vary from week to week (Multimedia Appendix 1).
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Participant Follow-Up by Email

Participants will be contacted by email at weeks 4, 8, 12, 26,
and 52 to complete follow-up surveys. The follow-up surveys
will collect data on changesto the participants smoking pattern
and medication use and any possible adverse reactions
experienced. During each follow-up survey, participants will
be asked whether they have experienced any adverse events. If
the participants at any point are experiencing intolerable adverse
events, they can contact the study personnel to withdraw from
the study. They will be compensated for al the saliva and
genetic samples that they had submitted prior to being
withdrawn. Therewill be no modificationsto interventions even
if adverse side effects are reported. Instead, participants will
either be discontinuing their treatment or will be advised to
speak with their physician regarding the intervention. If
participants withdraw from the study, they will still be asked
to complete follow-up surveys.

Cost-Effectiveness

To make an impact on the prevalence of smoking in the overall
population, it is necessary for an intervention to reach a high
number of people. Efficacious pharmacotherapies are available
for smoking cessation but their reach is typically limited. To
the best of our knowledge, thisis the first study to attempt the
mass distribution of prescription medications for smoking
cessation using a randomized study design. The method
proposed has been previously demonstrated by theinvestigators
of thisstudy to be logistically feasible and effective in terms of
cessation rates [18] and has provided crucial evidence for an
approach that has the potential to make a significant impact on
cessation rates at a population level by demonstrating away to
take full advantage of the available smoking cessation aids.

All recruitment, consenting, and data coll ection are Web-based.
The mail-order pharmacy is less expensive than dispensing
through a research pharmacy, and we do not need to pay
physiciansto recruit their patientsinto studies because subjects
self-identify first and then go to their physician (in Canada, all
physician visitsare paid for by our universal health care system).
As such, this large randomized trial can be extremely cost
effective with an estimated cost of under Can $150,000. We
aim to provide medication to 1000 participants; therefore, the
cost per enrollment isestimated to be Can $133.33. The 52-week
CAR in the varenicline-treated group is assumed to be 18%
compared with 12.5% in the bupropion group. Therefore, the
cost per quit is estimated to be about Can $873.36 plus Can
$33.70for avisit to the prescriber if the government’s universal
health plan is billed; this is much lower compared with the
economic burden of continued smoking. A report published in
2015 estimated the annual health care cost in Canadato be Can
$3071 per smoker [20].

Primary Outcome

The primary outcome measures will be related to the
effectiveness of treatment. The primary outcome will
biochemically confirm 30-day continuous abstinence by
mailed-in salivary COT 26 weeks after the start of treatment.
Secondary outcome variables will be self-reported 30-day
continuous abstinence at the end of the treatment (weeks 9-12)
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and at weeks 26 and 52; thisis defined as not having smoked,
even a puff, in the past 30 days and lack of relapse during this
period. Other outcome variables include self-reported 7-day
PPA measured at weeks 4, 8, 12, 26, and 52. The 7-day PPA is
defined as not having smoked, even a puff, over thelast 7 days.

Exploratory Measures and Potential Covariates

The tertiary outcome measures will be related to variations in
genetic polymorphisms, metabolic factors, and personality traits
observed in each treatment group. A 3-way analysislooking at
the interaction between genetic polymorphism and treatment
outcome, personality traits and treatment outcome, and genetic
polymorphism and personality traitswill be conducted; this part
of the study should be considered exploratory. We have no
specific hypotheses currently.

Data Access

Datasets will only be available to CAMH research personnel
only or those involved in the study. The funder does not have
access to the trial dataset. Currently, there is no ability for the
study data to be openly accessed by other researchers because
of the restrictions placed by our REB.

Data Analysis

Anaysis of study results will be conducted using the
intention-to-treat analysis, wherein all participants who are
randomized to a treatment arm and receive their assigned
medication are included in the final analysis whether they
complete the study or respond to follow-up surveys at study
end points. This method will be used to avoid any bias that can
potentially arise because of crossover and dropouts, affecting
theinitial random assignment to treatment groups. Participants
who are lost to follow-up or do not provide a saliva sample for
the COT confirmation of abstinence will be considered as
smokers according to recommendations by the Society for
Research on Nicotine and Tobacco's subcommittee on
Biochemical Verification (2002) [21].

The baseline characteristics will be analyzed and compared
between intervention groups using the Student’s t test for
continuous variables and cross-tabs chi-square analysis for all
categorical variables. Any characteristicsthat differ significantly
across our 2 study groups will be included as covariatesin all
subsequent analyses. The effect of intervention over time will
be evaluated using the longitudinal logistic regression analysis
with abstinence as the dependent variable and treatment
condition aong with other basdine characteristics as
independent predictors. We will construct a longitudinal
generalized estimating equations (GEE) model for each binary
outcome. GEE is a suitable analysis method because it
accommodates for the statistical dependence among repeated
observations within subjects. Because our primary outcome is
abstinence from smoking (Yes or No) at each follow-up time
point, GEE is appropriate because it allows for the estimation
of population-averaged effects while accounting for the
dependencies among the repeated measures. The dataanalysis
for this study will be overseen by the principal investigator in
consultation with the Biostatistical Consulting Service at
CAMH.

JMIR Res Protoc 2018 | val. 7 | iss. 10 |€10826 | p.25
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Results

The project was funded in 2014 and enrollment was compl eted
in January 2017. Data analysis is currently underway and the

Zawertailo et al

policy makers to consider as part of a comprehensive tobacco
control strategy. This can help reduce the prevalence of smoking
and its related costs to our health care system and the overall
economy. With the knowledge gained, the method can be

modified according to the peculiarities of other health care
jurisdictions to impact the smoking prevalence in those areas
aswell.

first results are expected to be submitted for publication in
October 2018.

Discussion

The proposed trial on providing free medication mailed to
smokers is expected to be cost effective and will be useful for
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Abstract

Background: Knee osteoarthritis (OA) has been the main cause behind chronic pain and disabilities in the elderly population.
The traditional treatment for knee OA pain currently concerns a number of combinations of pharmacological and
nonpharmacological therapies. However, such combinations have displayed little effects on a significant group of subjects. In
addition to this, pharmacological treatments often cause adverse effects, which limitstheir use on this population. Previous studies
showed that chronic knee OA pain may be associated with maladaptive compensatory plasticity in pain-related neural central
circuitsindexed by a defective descending pain-inhibitory system. Transcranial direct current stimulation (tDCS) can revert some
of these mal adaptive changes, thus decreasing chronic pain sensation. Numerous studies have demonstrated that the use of anodal
tDCS stimulation over the primary motor cortex (M 1) has positive effects on chronic neuropathic pain. Yet, data on OA painin
elderly patients, including its effects on the endogenous pain-inhibitory system, remain limited.

Objective: The objective of this study is to evaluate the efficacy of tDCS in reducing pain intensity caused by knee OA in
elderly subjects with defective endogenous pain-inhibitory systems.

Methods: We designed a randomized, sham-controlled, single-center, double-blinded clinical trial. Patients with knee OA who
have maintained a chronic pain level during the previous 6 months and report a pain score of 4 or more on a0-10 numeric rating
scale (NRS) for pain in that period will undergo a conditioned pain modulation (CPM) task. Participants who present a reduced
CPM response, defined as a decrease in NRS during the CPM task of less than 10%, and meet all of theinclusion criteriawill be
randomly assigned to receive 15 sessionsof 2 mA active or sham tDCSfor 20 minutes. A sample size of 94 subjectswas cal cul ated.
The Brief Pain Inventory painitemswill be used to assess pain intensity asour primary outcome. Secondary outcomeswill include
pain impact on functioning, mobility performance, quality of life, CPM, pressure pain threshold, touch-test sensory evaluation,
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and safety. Follow-up visits will be performed 2, 4, and 8 weeks following intervention. The data will be analyzed using the
principle of intention-to-treat.

Results. Thisstudy was approved by the institutional review board with the protocol number 1685/2016. The enrollment started
in April 2018; at the time of publication of this protocol, 25 subjects have been enrolled. We estimate we will complete the
enrollment process within 2 years.

Conclusions: Thisclinical trial will provide relevant data to evaluate if anodal tDCS stimulation over M1 can decrease chronic
knee OA pain in elderly subjects with defective CPM. In addition, this trial will advance the investigation of the role of central
sensitization in knee OA and evaluate how tDCS stimulation may affect it.

Trial Registration: ClinicaTrials.gov NCT03117231; https://clinicaltrials.gov/ct2/show/NCT03117231 (Archived by WebCite

at http://webcitation.org/73WM 1L CdJ)
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2018;7(10):€11660) doi:10.2196/11660

RR1-10.2196/11660

KEYWORDS

transcrania direct current stimulation; elderly; chronic pain; knee osteoarthritis; conditioned pain modulation

Introduction

Osteoarthritis (OA) is the most common cause of pain and
disabilities in elderly populations, and the knee is the most
commonly affected joint [1,2]. OA is a disease characterized
by cell stressand extracellular matrix degradation that stimulates
mal adaptive repair responses as proinflammatory pathways of
innate immunity [3]. It has been determined that 33.6% of
individuals older than 65 years suffer from OA, and 10% of
individuals aged 60 years and older have symptomatic knee OA
[4]. Subjects with chronic knee OA pain may experience
depressive symptoms, sleep disorders, functional dependency,
and a decrease in life quality, and this can have a subsequent
impact on public health system costs [5]. OA knee pain is
traditionally managed with a combination of pharmacological
and nonpharmacological therapies including weight loss,
physical therapy, several exercise modalities, anti-inflammatory
drugs, topical agents, and opioidsanalgesics[6]. Although these
treatments can decrease the pain intensity, they can also lead to
substantial adverse effects (eg, dizziness, dry mouth,
congtipation, and naused), and the treatment benefits may
decrease over time (eg, opioid tolerance development) [7-9].
Previous studies suggested that peripheral and centra
sensitization are two of the underlying mechanismsin OA pain
that can lead to lower pain thresholds, hyperalgesia, and spatial
summation in asymptomatic areas [10,11].

Peripheral sensitization is caused by changesin the physiology
of peripheral nociceptors dueto localized inflammation. At the
central level, there is an imbalance in endogenous pain
modulation, characterized by a greater facilitation of pain and
a reduced capacity to inhibit pain [12]. In addition, the aging
process is associated with a dysregulation in the central
modulation of pain, potentially placing elderly patients at a
greater risk of chronic pain [13,14]. Conditioned pain
modulation (CPM) is one of the most studied dynamic
guantitative sensory tests; CPM is related to the reduction of
pain produced by atest stimulusin response to asecond noxious
conditioning stimulus on aremote body side [15-17]. Previous
studies showed that the pain reduction during CPM testing in
healthy adultsis approximately 23%, whileinthe healthy elderly
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population the reduction is approximately 17%[18,19]. A recent
study indicated that elderly individuals with chronic pain due
to severe osteoarthritis may have a significant dysfunction in
the descending control of nociceptive processing, as the pain
reduction during a CPM task is less than 10% [20].

In support of the above mentioned central sensitization
mechanism, the rationale for treatment should aso aim to
modulate central nervous system plasticity [21,22]. Although
drugs can change brain plasticity, their effects are more diffuse,
which limits results. Moreover, as pharmacological treatments
to chronic pain often lead to intolerable side effects in elderly
patients, there is an increasing interest in nonpharmacological
intervention options [23-25]. Transcranial direct current
stimulation (tDCS) is a powerful noninvasive technique to
modulate cortical excitability using aweak direct current applied
through the scalp in apainlessway; its prolonged and continuous
application can induce neuroplasticity [26,27]. These changes
depend on the polarity of the montage, with anodal stimulation
enhancing excitability and cathodal stimulation decreasing
excitability [28]. tDCS has shown positive effects on chronic
pain in some diseases, which indicates that it may revert
maladaptive plasticity associated with chronic pain sensation
[29,30]. For pain, themost effective cortical target isthe primary
motor cortex (M1), a gateway to deep pain-related networks
such asthalamic nuclei [31,32]. Previous brain imaging studies
showed a positive cortical and subcortical neurophysiologic
response to tDCS with anode over M1 and cathode over
contralateral supraorbital region [33,34]. A recent trial showed
that tDCS over the motor cortex might increase CPM response
[35]. Another recent pilot trial evaluated the effect of tDCS on
clinical pain severity for older adults with knee OA; it did not
display consistent results in al pain assessments, yet their
preliminary results showed promising clinical efficacy [36].

The aim of this trial is to assess the effects of tDCS on the
intensity of pain in elderly patients suffering with OA knee
chronic pain. We chose to test these effectsin aged people with
defective endogenous inhibitory pain systems, as the previous
data showed increased therapeutic response in this population
[37,38]. As secondary outcomes, we will evaluate the safety of
tDCS and the changes in quality of life, pain impact on
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functioning, CPM, pressure pain threshold, touch-test sensory
evaluation, and mobility performance.

Methods

Study Design

We will conduct a single-center, double-blinded, randomized,
and controlled parallel clinical trial. The study was approved
by the Ethics Committee of SAo Paulo Hospital (HSP) with the
protocol number 1685/2016 and has been registered with
Clinical Trials.gov (NCT03117231). Thetrial will be performed
at the Federal University of Sdo Paulo, Brazil, and will be
reported according to the Consolidated Standards of Reporting
Trials (CONSORT) [39]. Participants will agree to the
participation by signing the informed consent. They will be
allowed to leave the study at any time without negative
repercussions.

Participants

Individuals aged 60 years and older, which is the definition for
the elderly in Brazil [40], with an established diagnosis of
unilateral or bilateral knee OA as established by the American
College of Rheumatology criteria of 1986, using history,
physical examination, and radiographic findings according to
the Kellgren-Lawrence radiographic grading, will be recruited
[41]. Petients will be recruited from HSP and from all the
outpatient clinics belonging to the Federal University of Sdo
Paulo. Eligible subjects will have had pain in the knee for a
minimum of 6 months, with an average pain score of 4 or more
on a0-10 numeric rating scale (NRS) for pain over that period
and during the week prior to the first stimulation session.
Following this, the subjectswill be required to report areduction
on NRS during the CPM task of less than 10% compared to the
pain score before the test.

Exclusion criteria include patients who have any severe acute
or chronic uncompensated disease (such as uncontrolled
hypertension, diabetes, cardiac issues, heart failure, or chronic
obstructive pulmonary disease), history of epilepsy or syncope,
contraindicationsto transcranial brain stimulation (ie, implanted
brain medical devices or implanted brain metallic devices),
established cognitive impairment, history of fractures in the
lower limbs and/or spine in the last 6 months, traumatic brain
injury with residual neurological deficits, alcohol abuse within
the last 6 months as self-reported, use of carbamazepine within
the last 6 months as self-reported, or severe depression (with a
score of more than 30 on the Beck Depression Inventory). The
principal investigator will obtain informed consent prior to
enrolling participants in the study. We expect in this elderly
population to have a female-to-male ratio of about 70%:30%.

In order to avoid drop outs, the principal investigator will follow
up with al participants by phone during the entire study to
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remind them of the schedule. Participants and treating physicians
will be told that changes in treatment during the study are
strongly discouraged and must be reported. In addition, no
treatment crossover will be permitted.

Randomization and Blinding

We will use acomputer-generated list to randomize subjectsto
one of thetwo treatment arms: active transcranial direct current
stimulation (tDCS-a) or sham transcranial direct current
stimulation (tDCS-s). The participantswill be randomized with
aratio of 1.1 to either group using randomized block sizes (4
and 6) and stratified by severity of pain (lessthan 7 and 7 or
more). The randomization will be concealed in consecutively
numbered, sealed opaque envelopes and will be performed by
an investigator not involved in the assessments or the
recruitment. The participants and investigatorswho will perform
the evaluation will be completely blinded until completion of
the study and data processing.

Intervention

Thetreatment will be administered for 3 weekswith intervention
sessions daily from Monday to Friday for atotal of 15 days of
electrical stimulation [37]. The participants will not receive
cash, reimbursements, food, transportation, or any compensation
for their participation in the trial. After the initial assessment
and before randomization, the subjects will be informed about
the possible sensations with the stimulation and instructed not
to reveal the sensation experienced.

Participants will be seated comfortably in an armchair while
receiving tDCS. All subjects will receive 20 minutes of either

sham or active tDCS, using a pair of 35 cm? surface sponge
electrodes soaked with physiologic saline and fixed to the head
with elastic bands. The transcrania stimulation will be applied
by a constant current device (Soterix 1x1 Low-Intensity
Stimulator, Soterix Medical Inc) with an intensity of 2 mA. A
gradua current ramp-up and ramp-down with 30-second
durations will be used. The anode will be placed over C3/C4
(International 10-20 electroencephalogram system), which
corresponds approximately to the location of M1 of the
contralateral side to the most affected knee. The cathode
electrode will be placed over the contralateral orbital, meaning
ipsilateral to the most affected knee. The tDCS will be
administered by a physician with specific training is this
modality of intervention.

Sham tDCS stimulation will look and feel exactly the same as
the active stimulation; however, the stimulator will deliver 2
mA of current for only 30 seconds. This sham stimulation
method is frequently used and has been shown to be reliable
[42].

JMIR Res Protoc 2018 | vol. 7 | iss. 10 |e11660 | p.31
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Tavareset a

Figure 1. Flowchart of the study based on Consolidated Standards of Reporting Trials criteria. tDCS: transcranial direct current stimulation.

Screening and
Consent

Randomization —

Baseline
Week 1

Week 2, 3 and 4

Week 2, 3 and 4

(daily sessions)
tDCS active + assessments

(daily sessions)
tDCS sham + assessments

Week 6, 8 and 12:
follow-up assessments

Outcome M easurements

Following determination of participant eligibility and obtaining
informed consent, we will collect baseline information about
the subjects through a structured interview. Collected data will
include sociodemographic information, mood and cognitive
evaluation, radiographic data, and clinical history. We will
perform all assessments during the baseline visit to obtain data
to compare with the follow-up visits. Baseline data will be
collected 1 week prior to the beginning of treatment. After 3
weeks of intervention, we will evaluate the participants over
the course of 2 months, with 3 follow-up visitsduring this period
(see Figure 1 for flow diagram). These outcome time points
were chosen based on tDCStrialsto assess early and late effects
[27,36,37].

Primary Outcome

We will analyze pain intensity in the previous 24 hours using
the Brief Pain Inventory (BPI); this is a short, self-report
guestionnaire [43]. The BPI includes 4 items that measure pain
intensity (pain right now, pain on averagein last 24 hours, worst
pain in last 24 hours, and least pain in last 24 hours) using an
NRS from O (no pain) to 10 (pain as bad as you can imagine).
The mean of these 4 pain items will be used as our primary
outcome. The BPI also includes 7 items that assess the impact
of the pain on functioning using a 0 (no interference) to 10
(complete interference) rating scale, which will be used as a
secondary outcome.

Secondary Outcomes

Quality of Life

We will assess health-related quality of life using the 12-1tem
Short Form Health Survey questionnaire, which comprises 8
domains that include physical functioning, physica role
functioning, bodily pain, general health perceptions, vitality,
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socia functioning, emotional rolefunctioning, and menta health
[44].

Pain Perception

Mechanical detection threshold (MDT) will be assessed using
a Von Frey monofilament (VFM) as a mechanical stimulating
device to evaluate light touch and pinprick sensation in small
cutaneous regions. The investigator will use the smallest
weighted monofilament, followed by sequentially larger
monofilaments until the participant reports when thelight touch
sensation isfirst detected and then until the pinprick sensation
isdetected. VFM will be applied perpendicular to the skin with
the correct amount of force to bow the monofilament for
approximately 1.5 seconds. VFM will be applied first to the
thenar region, ipsilateral to the most affected knee, and then
applied to the most painful knee [45].

Mechanical pain threshold (MPT) will be measured using the
same technique used to assess the MDT. However, the subject
will be asked to report the smallest monofilament that produces
pain. Following this, we will apply the same monofilament on
either region 3 times, and the participants will be asked to rate
the pain using an NRS; the mean score will then be calculated
[45,46].

Pressure Pain Threshold

The pressure pain threshold (PPT) will be assessed using a
pressure algometer (Commander Echo Algometer, JTECH

Medical Industries|nc) that hasa1-cm? rubber probe. The probe
will be applied perpendicular to the skin until the subject first
reports that the pressure sensation changes to a pain sensation.
Participants will be asked to rate the pain using an NRS. The
pressurewill be applied to exactly the same regionsthat we will
use to assess MDT and MPT [47].
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Conditioned Pain Modulation

CPM will be measured using cold water as the conditioned
stimulus and pressure as the test stimulus to assess endogenous
pain modulation. Pressure will be applied using the same device
and technique as for the PPT. Participants will be asked to
immerse their contralateral hand to the most affected kneein a

cold water bath maintained at 10°C for approximately 1 minute.
Inthelast 30 seconds, thetest stimuluswill be applied following
the PPT procedure [15-17].

Wewill calculate the percentage changein pain scoresfollowing
CPM, a measurement we will call CPM-P, and the change in
the PPT after the CPM that we will call CPM-PPT. Both of
themwill be calculated using thefollowing formula: (post-CPM
trial score — pre-CPM trial score/ pre-CPM trial score) x 100.
For CPM-P, a negative score will indicate pain inhibition after
the conditioning stimulus. For CPM-PPT, a positive score will
indicate pain inhibition after the conditioning stimulus.

Physical Functioning

The Western Ontario and McMaster Universities Osteoarthritis
Index isavalid and reliableinstrument commonly used to assess
pain and disability in studies of knee OA. The questionnaire
includes 3 subscales to assess pain, perceived disability, and
joint stiffness. The total score ranges from 0 to 96, with higher
valuesindicating greater physical impairment [48].

The Lequesne Algofunctional Index is a questionnaire that
assesses 3 components of severity of OA: pain, maximum
walking distance, and activities of daily living. The total score
ranges from O to 24, with higher values indicating greater
physical impairment [49].

The timed up and go test is a reliable and practical test to
evaluate functional capacity commonly used in research studying
elderly populations, especially because of its capacity to assess
risk of falls and gait function. Subjects will be asked to get up
from achair in which they werefully supported, walk 3 meters,
turn around, return by the same route, and sit back down on the
chair with their back supported. We will measure the time
required to compl ete the test. The test will be performed twice,
and the lowest score will be recorded [50-52].

Theoneleg stancetest is used to eval uate postural balance. The
participants will be asked to stand unsupported on one foot
while looking straight ahead with their hands on hips. We will
measure the time the subject is able to maintain balance until
the contralateral foot touches the ground. The test will be
performed twice, and the highest score will berecorded [52,53].

Pain I mpact on Functioning

The mean of the 7 BPI interference items (genera activity,
mood, walking ability, normal work, relationswith other people,
sleep, enjoyment of life) will be used to assess the pain impact
on functioning.

Patient Global Assessment

We will analyze the patient’s global assessment on how the
intervention affects the patient’s status using a 0-100 visual
analog scale (VAS) scale[54].
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Adver se Effects

At each stimulation session and at all follow-ups, participants
will be administered a questionnaire to evaluate potential
adverse effects of stimulation on a 5-point scale. The main
potential adverse effectsinclude headache, neck and scalp pain,
tingling, sleepiness, and acute mood change. If any side effect
is reported, its potential relationship with the intervention will
be assessed [55].

To assess the safety of tDCS, we will analyze the mood and
cognition of the subjects at each stimulation session and at all
follow-ups. Mood will be assessed with a 0-100 VAS scale by
asking the subject to rate their own emotionsincluding anxiety,
depression, stress, and sleepiness. Cognition will be analyzed
using the Mini-Mental State Examination, a brief screening of
cognitive abilities [56].

Sample Size and Data Analysis

The sample size was estimated using the minimal clinically
important difference (20% reduction from the baseline) in the
outcome of pain intensity measured by the NRS as a parameter.
The effect size and the probability of error type | (alpha) and
typell (beta) were 0.59, .05, and .2, respectively. According to
the sample calculation, that total size would be 94 participants.
Wewill increase the sample size by 10% to account for dropouts
and other unexpected factors. Thus, thefinal samplesizeis 104
subjects.

All analyses will be conducted according to the principle of
intention-to-treat (ITT) using a regression-based single
imputation method. The ITT population will include all
randomized subjects. We will perform an additional sensitivity
analysisinwhich wewill usethe method of multipleimputation.
Initially, the baseline characteristics between sham and tDCS
groups will be tested using Student t tests; to analyze our
primary outcome, which is pain intensity measured by BPI, we
will adopt a mixed analysis of variance model in which the
dependent variable will be the outcome (BPI) and the
independent variables will be group (tDCS-a or tDCS-s), time
(baseline and after treatment and follow-up), and the interaction
group time. Secondary analyses will be conducted in an
exploratory manner (no correction for multiple comparisons).
Similar analysis will be conducted for the adverse effects
measuring continuous outcomes, and for the categorical
outcomes, we will use Fisher exact tests. In both cases, for the
safety analysis, we will use uncorrected P values to increase
the likelihood of detecting detrimental adverse effects.

Results

This clinical trial began enrollment in April 2018. As of
publication, 40 subjects have been evaluated, 25 have been
included satisfactorily, and 10 participants have completed the
entire protocol. We estimate enrollment will be completed within
2 years. Results will be presented at scientific meetings and
published in peer-reviewed journals. All publications will be
authorized by the study investigators.
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Discussion

This study will assess arelevant public health problem, as the
overall population isgetting older and the preval ence of chronic
disorders is increasing. This randomized clinical trial will
evaluate the effects of the cumulative noninvasive brain
stimul ation technique as an instrument to decrease pain intensity
by inducing neuroplasticity in brain circuits related to central
sensitization. Asasecondary effect, we will observe impact on
the quality of life and mobility performance in elderly patients
with knee OA.

This trial will contribute to understanding the underlying
mechanisms of the analgesic effects of tDCS over the motor
cortex by assessing the CPM response of the subjects. In this
trial, we are only enrolling subjects with defective endogenous
inhibitory pain system. We chose this criteria given the
mechanisms of tDCS, aswell as effects of tDCS on this system
[57-58]. Therefore, this study will beimportant to preliminarily
test the suitability of CPM as avaluable prognostic and surrogate
marker. Finding better neurophysiological markers for the use
of tDCSiscritical to advancethisfield. A potential significant
correlation between pain scoresand CPM response will indicate
that CPM may be a useful marker.

Most interventionsfor OA do not target the central sensitization
and defective descending inhibitory pain system. For instance,
nonsteroidal anti-inflammatory drugsinhibit the two recognized
forms of prostaglandin synthase, thus providing an analgesic
and anti-inflammatory effect; however, their prolonged use is
limited because they carry risk for cardiovascular and upper
gastrointestinal diseases [59,60]. Thus, tDCS can be important
for nonrespondersto thetraditional treatment. Thisintervention
has the opposite effect on the endogenous pain system when
compared to opioids, which, when used chronically, may
increase sensitivity to a noxious stimulus and consequently
induce hyperalgesia[61].
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Another important finding from thistrial concernsthe additional
datawewill provide onthetDCS effectsin elderly popul ations.
While there have been a fair number of trials testing tDCS in
chronic pain, there have been few randomized clinical trials
testing tDCS for chronic pain in elderly patients. To date, there
have been no well-powered trials (such as this one with 104
subjects) designed to test ahomogenous popul ation [29,62,63] .
We believe that this trial can provide important information to
advance this therapy in this popul ation.

We decided to use 15 stimulation sessions based on a recent
trial on chronic pain due to fibromyalgia, which estimated 15
tDCS sessions as the median number of stimulationsto produce
clinically meaningful outcomes [37].

The safety of tDCS has been well established, and after several
studies, researchers concluded that tDCS induces only temporary
mild effects. The most common side effects include headache,
dizziness, nausea, mild pain, itchy sensation, and skin redness
under area of the electrodes [26,38,55-57]. However, it is
important to assess safety in elderly patients given that thereis
much less experience with this population. Thistrial will provide
additional data for this domain, which will be useful when
planning futuretrials.

Some concerns about the study should be discussed. One of the
possible issues may be the combination with other therapies,
which may influence the results. Given the relatively large
sample size of subjects, we believe that this potentia covariate
will be balanced in the two groups. In addition, subjectswill be
asked to remain stable in their drug treatment, and any changes
will be noted for secondary subgroup analysis. Finally, although
blinding is not perfect in tDCS and 10% to 20% may become
unblinded, we have demonstrated in longitudinal trialsthat there
are no blinding-related biases in a tDCS clinical trial for a
parallel design [64]. Thistria has severa strengths, such as a
relatively large sample (one of thelargest intDCS pain research)
and a popul ation sel ected based on the endogenous mechanisms
of tDCS (CPM).
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OA: osteoarthritis

PPT: pressure pain threshold

tDCS: transcranial direct current stimulation
tDCS-a: active transcranial direct current stimulation
tDCS-s. sham transcranial direct current stimulation
VAS: visual analog scale

VFM: Von Frey monofilament
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Abstract

Background: Breast cancer is the most common cancer among women, and radiotherapy plays a major role in its treatment.
However, breast cancer radiotherapy can lead to incidental irradiation of the heart, resulting in an increased risk for avariety of
heart diseases arising many years after radiotherapy. Therefore, identifying breast cancer patients at the highest risk for
radiation-induced cardiac complications is crucial for developing strategies for primary and secondary prevention, which may
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contribute to healthy aging. There is still a need for precise knowledge on the relationship between radiation dose to specific
cardiac structures and early subclinical cardiac changes and their occurrence over time that could finally lead to cardiac
complications.

Objective: The MEDIRAD EARLY HEART study aimsto identify and validate new cardiac imaging and circulating biomarkers
of radiation-induced cardiovascular changes arising within first 2 years of breast cancer radiotherapy and to develop risk models
integrating these biomarkers combined with precise dose metrics of cardiac structures based on three-dimensional dosimetry.

Methods: The EARLY HEART study is a multicenter, prospective cohort study in which 250 women treated for breast cancer
and followed for 2 years after radiotherapy will be included. Women treated with radiotherapy without chemotherapy for a
unilateral breast cancer and aged 40-75 years meet theinclusion criteria. Baseline and follow-up datainclude cardiac measurements
based on two-dimensional speckle-tracking echocardiography, computed tomography coronary angiography, cardiac magnetic
resonance imaging, and a wide panel of circulating biomarkers of cardiac injury. The absorbed dose will be evaluated globally
for the heart and different substructures. Furthermore, the dose-response relationship will allow modeling the radiation-induced
occurrence and evolution of subclinical cardiac lesions and biomarkers to devel op prediction models.

Results: This study details the protocol of the MEDIRAD EARLY HEART study and presents the main limits and advantages
of thisinternational project. The inclusion of patients began in 2017. Preliminary results are expected to be published in 2019,
and complete analysis should be published in 2021.

Conclusions: The MEDIRAD EARLY HEART study will alow identifying the main cardiac imaging and blood-based
determinants of radiation-induced cardiac injuries to better propose primary and secondary preventive measures in order to
contribute to enhanced patient care and quality of life.

Trial Registration: ClinicaTrials.gov NCT03297346; https.//clinicaltrials.gov/ct2/show/NCT03297346 (Archived by WebCite

at http://www.webcitation.org/72K STMIUU)
Registered Report Identifier: RR1-10.2196/9906

(JMIR Res Protoc 2018;7(10):€178) doi:10.2196/resprot.9906

KEYWORDS

biomarkers; breast cancer; cardiotoxicity; cardiac diagnostic imaging; radiotherapy; radiation dosimetry

Introduction

Cancer is a major burden on society, which is expected to
increase worldwide due to the growth and aging of the
population. Furthermore, breast cancer (BC) is the most
commonly diagnosed cancer among women. In 2016, BC
accounted for 29% of the total new cancer cases and 14% of
the total cancer-related deaths among women worldwide [1].
While its incidence has been increasing in the past decade, the
prognosis has markedly improved over the last decades with
enhanced screening and medical support for these patients,
resulting in longer life expectancy and 5-year relative survival
rate > 60%-95% according to the age class in most Western
countries [2]. Thisis due to improved detection programs and
treatment modalities, including improved radiotherapy (RT)
techniques. In the past few decades, RT has been increasingly
used for the treatment of BC. Research has shown that RT
presents a benefit in terms of reducing local recurrence and
deaths resulting from BC [3]. Due to this increased survival
rate, the interest in potential adverse effects and long-term
consequences related to RT has spiked.

RT plays a major role in the treatment of BC, as >60% of all
BC patients are irradiated as part of their curative treatment,
and it improves outcome in terms of reducing the local
recurrence and deaths resulting from BC [4]. However, BC RT
can lead toincidental irradiation of the heart dueto its presence
within the irradiation field, resulting in an increased risk for a
variety of heart diseases arising many years after RT [5], such
asischemic heart disease, congestive heart failure, arrhythmias,

https://www.researchprotocols.org/2018/10/e178/

conduction defects, valvular disease, or pericarditis, with relative
risks within the range of 1.2-3.5 on comparing patients with
left-sided BC (corresponding to patients with higher exposure
to the heart) to patients with right-sided BC [6-8]. In parallel
with the increase in the incidence of BC, the prevalence of BC
survivors at risk for cardiac complicationswill, thus, gradually
increase [3,4,6-8]. Technological developmentsin RT over the
last decades, such as intensity-modulated radiotherapy or
volumetric modulated arc therapy and deep inspiration
breath-hold, have allowed for a marked reduction of cardiac
doses, in particular for patients with left-sided BC; the mean
heart dose has decreased from >5 Gy in the 1950sto <3 Gy in
the last decade [9]. It has been shown that the use of these
techniques in BC patients is of concern to the radiation
oncologists and is widely implemented [10,11]. However,
cardiac damage has been shown to be correlated with the mean
heart dose, with a 7.4% increase in the rate of acute coronary
events per 1 Gy (95% CI 2.9-14.5; P<.001), with no minimum
threshold for risk [8]. Therisk for acute coronary eventswithin
first 9 yearsof RT hasrecently been confirmed by an additional
publication [12], showing marked rel ationship between cardiac
radiation dose and acute coronary event incidence. Therefore,
as there appears to be no threshold dose below which cardiac
complications do not appear, radiation-induced cardiac diseases
remain potential, severe, late complications of BC RT.
Moreover, dose distributions in the heart are extremely
heterogeneous, and some cardiac substructures such asthe apex
and the apical-anterior segment can still receive higher doses.
Therefore, thereis still an urgent need for preventive measures.
Long before the onset of clinicaly significant late cardiac
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complications, subclinical cardiac changes may occur over
weeks, months, or years after RT that can be detected using
anatomical and functional cardiac imaging or circulating
biomarkers[13].

In the context of BC RT-induced functional cardiac changes, a
recent advanced echocardiographic technique (automated
two-dimensional speckle-tracking echocardiography, ECHO-ST,
or cardiac strain] has been used for detecting and quantifying
subtle (subclinical) disturbances in left ventricular strain and
function. A Belgian team first showed that global longitudinal
strain and strain rate were substantially decreased (mean 5%)
during the first year following breast RT [14]. This result was
confirmed by other studiesin patientswith | eft-sided BC whose
global longitudinal strain and apical strain were diminished. In
addition, the basal regions showed a compensatory increasein
function, although not sufficient to compensate for the global
functional lossresulting in adecreasein the global longitudinal
strain [14-18]. Moreover, among patients with right-sided BC
RT, a deterioration in basal anterior strain segments after RT
was observed, whereasthe global function remained unaffected
[19].

Cardiac computed tomography (CT) without contrast and CT
coronary angiography (CTCA) allows the determination of the
coronary artery calcium (CAC) score and detection of plaques
and stenosis along the coronary arteries. The presence and
diffusion of calcium, plague, and stenosis expose patients to a
higher risk for coronary artery disease (CAD). Based on an
analysis of 15 segments of coronary arteries per patient with
acute chest pain, an increase in calcified and noncalcified
plagues of around 15% was observed during a 2-year follow-up
[20]. While this study did not consider radiation exposure of
the heart, it does illustrate that the CTCA could be used for
monitoring short-term coronary changes and has the potential
to detect the onset or progression of early coronary changesdue
toirradiation among women treated with BC RT. To date, three
studies have measured the amount of CAC intheyearsfollowing
RT treatment for BC. In two studies, no elevated CAC scores
in BC patients were found 5-15.7 years after RT treatment,
whereas one study did find an increase in the CAC score
depending on the radiation dose to the heart [21-23]. Among
the studies that did not find a CAC score increase, one did not
include baseline CAC scores and the other only included a
relatively small number of patients, making it difficult to draw
definitive conclusions from these two studies. In young
Hodgkin's lymphoma survivors (all aged <55 years), elevated
CAC scores have been found 5-35 years after RT [24-26]. A
study concerning the general population investigated CAC
scores at baseline and after 10 years of follow-up [27]; the
results showed that the diagnosis of cancer and its treatments
were markedly associated with an increasein CAC scores even
after accounting for cardiac risk factors. The results of these
studies suggest that RT isassociated with increased CAC scores
in the long term and, therefore, support the hypothesis that
accelerated atherosclerosis is one of the mechanisms
contributing to an increase in RT-induced cardiac events after
cardiac irradiation.

Cardiac magnetic resonanceimaging (MRI), whichisconsidered
as the gold standard to characterize myocardia tissue and
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measure ventricular volumes and function, was used to show
that right ventricular systolic function was decreased in a BC
cohort at 24 months after RT [16]. Furthermore, a decline in
temporary gjection fraction was observed on MRI (in patients
treated with three-dimensional [3D] conformal radiotherapy
and not in patients treated with intensity-modulated
radiotherapy) at 6 months, which resolved at 24 months. Left
and right ventricular systolic functions determined using MRI
were reduced at 24 months (but still within the normal range)
for the whole cohort. Furthermore, using T1 mapping, a
promising technique to quantify morphologic tissue injuries, it
was shown in cancer survivors (including BC patients) that
interstitial or diffuse myocardia fibrosis was elevated 3 years
after anthracycline-based chemotherapy independent of the
underlying cancer or comorbidities, suggesting that imaging
biomarkers of interstitial fibrosis are related to prior receipt of
potentially cardiotoxic cancer treatment [28], which may also
include ionizing radiation.

A major challenge is the identification of reliable circulating
biomarkersthat could help diagnose and predict cardiotoxicity.
Many classical biomarkers (eg, C-reactive protein, N-terminal
pro-B-type natriuretic peptide, and troponin) have been shown
to be potential biomarkersfor cardiac damage after RT [29]. In
addition, circulating inflammatory cytokines indicated tissue
inflammation [30]. Radiation injury to the myocardium is
primarily caused by damage to the microvasculature, leading
to inflammatory and thrombotic changes, capillary loss, focal
ischemia, and interstitial fibrosis [31,32]; these pathological
changes can cause congestive heart failure.

One relatively recent advancement in this areais the discovery
of circulating extracellular vesicles (EVs), including
microparticles and exosomes, and their emergence as mediators
of a new important mechanism of cell-to-cell communication
[33]. Theroleof EVsinmediating vascular dysfunction suggests
that they may represent novel pathways in short- or
long-distance paracrine intercellular signaling in the vascular
environment. High levels of circulating EVs (involving
microparticles) found in many cardiovascular diseases
demonstrate the importance of platelet, monocyte, and
endothelial activation and could condition remote sustainability
illnesses[34].

Exosomes carry a composite cargo of cardiac microRNAS
(miRNAS). MiRNAsare posttranscriptional inhibitory regulators
of gene expression that are emerging asimportant mediators of
intercellular communication, being involvedin the transmission
of biological signals between cells. To date, several miRNAs
have been identified as having a primary impact on many
biological processesthat are of direct rel evanceto cardiovascular
complications. The exosomal trafficking of miRNAs from the
heart is largely unexplored. Interventional cardiologists have
already provided evidence that cardiac-expressed miRNAS
(miR-1, miR-133a, miR-133b, miR-208a, miR-208b, and
miR-499) increase in the blood acutely following amyocardial
infarction, and some of these studies have additionally
scrutinized the diagnostic potential of miRNAs by comparing
them with cardiac troponin [35,36]. In a clinical study, it has
been demonstrated that the plasma concentration of EVs and
their cargo of cardiac miRNAsincreased in patients undergoing
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coronary artery bypass graft and were positively correlated with
cardiac troponin [36]. Another hypothesis that remains to be
explored is that the irradiation may be responsible for an
increase in the number of circulating levels of EVs associated
with certain miRNAs expressed by the cells of the heart tissue.
Finally, studies have examined the global DNA methylation
and risk for cardiovascular disease. The methylation of
Bcl-2/adenovirus E1B 19kD-interacting protein 3, SuperOxyde
Dismutase, Glutathione S-transferase P, Apolipoprotein E,
B-cell lymphoma 2, BCL-2-associated X protein, and tissue
inhibitor of metall oproteinases-3 promoters has been associated
with the presence of CAD, which is the most prevalent
cardiovascular disease following the exposure to radiation and
may be useful for diagnostic and monitoring purposes [37].

These previous studies have shown that early subclinical cardiac
changes can occur in BC patients after RT. Additionally,
classical cardiac biomarkers have been shown to be potential
candidates to monitor cardiac damage after RT. Identifying the
main cardiac imaging and blood-based determinants of
radiation-induced cardiac injuries is crucia for developing
strategies for primary and secondary prevention. Primary
prevention includes radiation dose optimization to the most
critical structures of the heart. Secondary prevention requires
identification of patients at risk as early as possible before and
after RT. So far, little has been done regarding the relationship
between dose distribution to different anatomical cardiac
structuresduring RT and early cardiovascular changesthat may
lead to cardiac complications. Mathematical models have been
developed in recent years with the aim of using dosimetric data
to estimate a complication probability—the Normal Tissue
Complication Probability (NTCP) models. Research on
parameters to optimize the NTCP models (physical imaging,
dosimetry, and clinical) is a major chalenge to improve
knowledge on the relationship between a received dose and
toxicity to healthy tissue [38,39]. Moreover, the enrichment of
these models with biological data is fundamental to improve
risk prediction. Primary and secondary prevention measures
require precise knowledge of the rel ationship between the dose
to specific cardiac structures and the occurrence of early
subclinical cardiac changes over time. To date, little has been
done on elucidating the specific rel ationshi ps between doses to
cardiac structures and subsequent early cardiac toxicity, and
NTCP models have been poorly exploited [40]. However, a
prerequisite for further sparing of tissue subregions, aswell as
the analysis of NTCP properties, requires prospective
identification of these structures, and their dose-volume
properties must be taken into account in prospective treatment
planning [41].

Inthiscontext, in the frame of the European MEDIRAD project
[42], the EARLY HEART study was launched in July 2017
with the aims of identifying and validating the most important
cardiac imaging biomarkers (based on ECHO-ST, CTCA, and
MRI) and circulating biomarkers of radiation-induced
cardiovascular changes arising within first 2 years of BC RT
and of developing risk prediction models, suchasNTCP models,
integrating these biomarkers combined with precise dose metrics
of cardiac structures based on 3D-dosimetry.
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Methods

Study Design

MEDIRAD EARLY HEART (NCT03297346) isamulticenter,
prospective cohort study that will include female patients with
left- and right-sided BC treated with postoperative RT without
chemotherapy after primary breast-conserving surgery. The
patients will be followed for 2 years after RT, based on cardiac
imaging and circulating biomarkersfurther detailed bel ow. Five
investigating centersareinvolved inthe study: Clinique Pasteur
(Toulouse, France) for the Ingtitute of Radiation Protection and
Nuclear Safety (Fontenay-aux-Roses, France), the University
Medica Center Groningen (UMCG; Groningen, the
Netherlands), die Klinikum rechts der Isar der Technischen
Universitat Miinchen (TUM MED; Munich, Germany), Institut
Catala d’ Oncologia (Girona, Spain), and Centro Cardiovascular
da Universidade de Lisboa (Lisbon, Portugal). Furthermore,
Paris Descartes University (Paris, France) is involved in the
study as core lab for the centralized analysis of cardiac CT and
cardiac MRI. Data collection is expected to be performed until
autumn 2020.

Ethical Considerations

Thisstudy will be conducted in accordance with the Declaration
of Helsinki (amended at the 64th World Medical Association
General Assembly, Fortaleza, Brazil, October 2013) and in
accordance with the principles of “Good Clinical Practice” and
the Medical Research Involving Human Subjects Act (WMO).
The 5 investigating centers have received approvals from their
local ethica committees (France: Comité de Protection de
Personnes Sud-Ouest 1V, I D: CPP2015/66/2015-A00990-69-R1,
and Agence Nationale de Sécurité des Médicaments, ID:
150873B-12; the Netherlands: Medisch  Ethische
Toetsingscommissie van het Universitair Medisch Centrum
Groningen [METc UMCG], ID: METc 2017/379,
NL62360.042.17; Germany: Ethikkomission der Technischen
Universitdt Miinchen, ID: 235/17 S; Spain: Comité d' Etica
d'Investigatio CEAi GIRONA, ID: EARLY HEART vl1.1
05/07/2017 i FIP v1.3; Portugal: Comissao de Etica do Centro
Hospitalar Lisboa Norte e do Centro Académico de Medicina
deLishoa[CHLN e CAML], ID: 257/2017).

Study Population, Site Participation, and Recr uitment

In this study, we plan to include 250 female patients with
unilateral BC treated at the 5 participating centers with
postoperative modern photon-based planning CT after
breast-conserving surgery, without chemotherapy, who are aged
40-75 years at the time of RT. The determination of the size of
the study population is based on power calculation detailed
later.

Textbox 1 detailsthe additional inclusion and exclusion criteria
aswell asearly dismissal (after inclusion) criteria. Each patient
isincluded at the baseline before RT and followed for 2 years
after RT. Informed consent of each patient was collected before
inclusion.
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Textbox 1. Inclusion, exclusion, and early dismissal criteriain the EARLY HEART study.

Inclusion criteria

« Female unilatera breast cancer patients

o  Treated with primary breast-conserving surgery for stage I-111 invasive adenocarcinoma of the breast or ductal carcinomain situ

o Aged0-75 years at the time of starting radiotherapy
«  World Health Organization performance status 0-1

«  Planned for radiotherapy alone to the breast with or without the lymph node areas
« Radiotherapy based on planning-computed tomography using either three-dimensional conformal radiotherapy, intensity-modul ated radiotherapy,

or volumetric modulated arc therapy/RapidArc

«  Written informed consent

Exclusion criteria
«  Malebreast cancer patients
«  Neoadjuvant or adjuvant chemotherapy

o M1 disease (metastatic breast cancer)

. Maedica history of coronary artery disease and myocardial infarction and atria fibrillation

« Previousthoracic or mediastinal radiation

«  Contraindications to injection of iodinated contrast such as allergy or renal failure

«  Pregnancy or lactation

Dismissal criteria

« Atrid fibrillation detected on electrocardiogram before radiotherapy
. Abnormal echocardiography before radiotherapy defined as either left ventricular gjection fraction <50% or longitudinal strain <-16% or

longitudinal strain rate <—1% or abnormal wall motion

«  Computed tomography coronary angiography results before radiotherapy requiring revascularization

«  Presence of myocardia infarction based on magnetic resonance imaging before radiotherapy

Conduct of the Study

Before Inclusion

At each center, radiation oncologists enable first contact with
women diagnosed with BC. During the first visit with the
radiation oncologist, he or she presents the study and its
implications to female patients for whom RT is planned. The
radiation oncologist ensures that women meet the inclusion
criteriain the study and study information leaflet detailing the
protocol is given with a consent form.

Before Start of Radiotherapy

About 1-2 weeks before the start of RT, women agreeing to
participate in the study hand their signed written informed
consent form and are then considered as included. Once
included, the women's follow-up protocol is implemented.
Before the start of RT, several interventions are performed.

« An électrocardiogram to detect any arrhythmia, followed
by an automated ECHO-ST, which is the most commonly
used modality to evaluate myocardia dysfunction and a
new technique for assessing myocardial deformation.

« CTCA using both low-dose, nonenhanced and enhanced
CT scans to evaluate coronary artery lesions by assessing

https://www.researchprotocols.org/2018/10/e178/

morphological information, including plagues and stenosis
of the arteries, and determination of the CAC score.

+  MRI to measure the ventricular function and size and wall
thickness of thetwo heart chambers; tissue characterization
by delayed enhancement; and pre- or postcontrast T1
mapping and precontrast T2 mapping of the left ventricle.

+ Blood sampling (BLOOD) will be performed to allow
analyses of circulating biomarkers based on a panel of
circulating classica and novel blood-based biomarkers
(further details below).

Furthermore, toxicity is assessed according to the Common
Terminology Criteriafor Adverse Events (version 4.03), which
iswidely accepted throughout the oncology community as the
standard classification and severity grading scale for adverse
events in cancer therapy clinical trials and other oncology
settings.

Subsequent Follow-Up

During subsequent follow-up, imaging and circulating
biomarkers are collected at specific time points after RT up to
24 months: (1) at the end of RT: BLOOD; (2) 6 months after
RT: ECHO-ST, MRI, and BLOOD; (3) 2 years after RT:
electrocardiogram and ECHO-ST, CTCA, MRI, and BLOOD.
Figure 1 describes the different steps of the EARLY HEART
study protocol.
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Figurel. Main steps of the EARLY HEART study protocol. RT: radiotherapy; BC: breast cancer; BLOOD: blood sample for circulating biomarkers;
ECHO-ST: two-dimensional speckle-tracking echocardiography; CTCA: computed tomography coronary angiography; MRI: magnetic resonance

imaging.
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Data Collection

A precise description of the cancer and information about main
risk factors of acardiac event (eg, age, body massindex [BMI],
smoking status, blood pressure, hypertension, diabetes,
hyperchol esterolemia, etc) are collected at inclusion. In addition,
we collect information on the use of hormonotherapy, such as
antiaromatase, asit may lead to anincreased cardiovascular risk
[43,44]. Cardiac imaging (ECHO-ST, CT, and MRI) and
circulating biomarkers measurements are detailed in Textbox
2 and Figures 1 and 2. Strain measurements will be based on
automated ECHO-ST, which partly depends on the type of
device (eg, GE, Philips, and Siemens). Not all the centers use
the same device, but each patient from each center will be
followed using the same device; this will allow comparing the
evolution of strain measurements from baseline to the end of
follow-up as a relative value, without been biased by the type
of device [45].

Dosimetry

For cardiac dosimetry, automated segmentation of all cardiac
structures (including coronary arteries) is performed to ensure
the uniformity of the segmentation procedure across centers.
This multiatlas automatic segmentation tool of the heart,
developed by UMCG, is based on the atlas by Feng et a [48]
(Mirada RTx [version 1.6]; Mirada Medical, Oxfo