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Abstract

Background: In high-income countries (HICs), increased rates of survival among pediatric cancer patients are
achieved through the use of protocol-driven treatment. Compared to HICs, differences in infrastructure, supportive
care, and human resources, make compliance with protocol-driven treatment challenging in low- and middle-
income countries (LMICs). For successful implementation of protocol-driven treatment, treatment protocols must be
resource-adapted for the LMIC context, and additional supportive tools must be developed to promote protocol
compliance. In Tanzania, an LMIC where resource-adapted treatment protocols are available, digital health
applications could promote protocol compliance through incorporation of systematic decision support algorithms,
reminders and alerts related to patient visits, and up-to-date data for care coordination. However, evidence on the
use of digital health applications in improving compliance with protocol-driven treatment for pediatric cancer is
limited. This study protocol describes the development and evaluation of a digital health application, called
mNavigator, to facilitate compliance with protocol-driven treatment for pediatric cancer in Tanzania.

Methods: mNavigator is a digital case management system that incorporates nationally-approved and resource-
adapted treatment protocols for two pediatric cancers in Tanzania, Burkitt lymphoma and retinoblastoma.
mNavigator is developed from an open-source digital health platform, called CommCare, and guided by the
Consolidated Framework for Implementation Research. From July 2019–July 2020 at Bugando Medical Centre in
Mwanza, Tanzania, all new pediatric cancer patients will be registered and managed using mNavigator as the new
standard of care for patient intake and outcome assessment. Pediatric cancer patients with a clinical diagnosis of
Burkitt lymphoma or retinoblastoma will be approached for participation in the study evaluating mNavigator.
mNavigator users will document pre-treatment and treatment details for study participants using digital forms and
checklists that facilitate compliance with protocol-driven treatment. Compliance with treatment protocols using
mNavigator will be compared to historical compliance rates as the primary outcome. Throughout the implementation
period, we will document factors that facilitate or inhibit mNavigator implementation.
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Discussion:Study findings will inform implementation and scale up of mNavigator in tertiary pediatric cancer facilities
in Tanzania, with the goal of facilitating protocol-driven treatment.

Trial registration: The study protocol was registered in ClinicalTrials.gov (NCT03677128) on September 19, 2018.

Keywords:Digital health, Pediatric cancer, Protocol-driven treatment, Treatment abandonment, Retinoblastoma, Burkitt
lymphoma, Low- and middle-income countries, Tanzania, Healthcare provider decision support, Client health records

Background
In high-income countries (HICs), protocol-driven treat-
ment has led to substantial improvements in survival
among pediatric cancer patients by reducing uncertainty
in clinical decision-making, creating uniformity in the
approach to diagnosis and treatment, and ensuring
consistency across providers [1–4]. However, over 85%
of the 400,000 children newly diagnosed with cancer
each year live in low- and middle-income countries
(LMICs) where differences in infrastructure, supportive
care, and human resources limit implementation of
protocol-driven treatment [4]. These challenges in
LMICs necessitate protocol adaptation for available
resources to achieve successful implementation of
protocol-driven treatment. Yet, in many LMIC settings
where resource-adapted protocols are available, subopti-
mal protocol compliance contributes to treatment aban-
donment, further exacerbating the 60% survival disparity
gap between HICs and LMICs. The use of supportive
tools can facilitate compliance with protocol-driven
treatment by standardizing clinical decision-making, and
incorporation of decision support, checklists, and im-
proved data use. However, in LMICs, instances of, and
evidence on the effectiveness of such supportive tools is
lacking.

Digital health applications have been used as tools to
support providers with implementation of standardized
protocols for the integrated management of childhood
illnesses in Tanzania, HIV care in South Africa, and
antenatal care in Nigeria [5–11]. In the case of inte-
grated management of childhood illnesses, provider
compliance with the digital protocol increased by up
to 30% compared to the use of a paper-based proto-
col [5]. In addition to the impact on protocol-driven
treatment, digital health applications have been ap-
plied in low-resource settings to facilitate task shift-
ing, improve work planning and coordination between
providers, as well as enhance the performance of
health workers [12–15]. These data support the use
of digital health applications to improve compliance
with protocol-driven treatment [16–18].

The goal of this early-stage effectiveness-implementation
hybrid study is to develop a digital case management
system, called mNavigator, to facilitate protocol-
driven treatment for pediatric cancer, and evaluate its
preliminary effectiveness in a tertiary care setting in
Tanzania. Currently, resource-adapted treatment pro-
tocols for two pediatric cancers, Burkitt lymphoma
and retinoblastoma, are approved for use at all
pediatric cancer centers by the Tanzanian Ministry of
Health, Community Development, Gender, Elderly
and Children. However, compliance with these treat-
ment protocols is low in pediatric cancer centers in
Tanzania, making this an ideal LMIC setting for test-
ing a digital health system for supporting protocol
compliance. To our knowledge, mNavigator is the
first digital case management system leveraging mo-
bile devices and being developed for improving proto-
col compliance in pediatric cancer in LMICs.

Methods/design
The elements of the mNavigator system are reported
below consistent with the Template for Intervention De-
scription and Replication (TIDieR) checklist (see
Table 1), the SPIRIT checklist for protocols (Add-
itional file 1 Table S1), and the World Health
Organization trial registration dataset (Additional file1
Table S2).

Contributions to the literature

� Implementation of potentially sustainable, technology-based

interventions is limited in low-and middle-income countries.

mNavigator demonstrates how a digital case management

system can be used to support implementation of resource-

adapted treatment protocols in global oncology, with an eye

toward sustainability.

� mNavigator relies on a strong theoretical framework, the

Consolidated Framework for Implementation Research, to

inform user-centered design, implementation, and

evaluation.

� mNavigator is designed to be agnostic of health care system

or country. While it is designed for use with clinical practice

guidelines adapted for Tanzania, it could be adapted again

and/or disseminated to other countries and contexts.
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Activity 1
Workflow mapping: During this stage, a pediatric cancer ex-
pert (KS) and a digital health expert (LV) led the develop-
ment of workflow diagrams for mNavigator. The workflow
diagrams were created using LucidChart Pro (www.lucid
chart.com), and reflected the current clinical workflows at
BMC as well as the nationally-approved, resource-adapted
protocols for Burkitt lymphoma and retinoblastoma. Work-
flow diagrams were updated based on feedback from other
study team members. Workflows attempted to capture all
steps that mNavigator users would go through with
pediatric cancer patients, beginning from patient registra-
tion and ending in an outcome form. As an illustration, the
draft workflow for retinoblastoma staging is shown in Fig.1.
KS and LV developed a list of forms to document workflow
steps and patient information. Over fifty forms were built
out using Microsoft Word by KS and refined with input
from study team members to mimic the eventual data entry
prompts (including question type, skip logic, display logic,
calculations, etc.) in mNavigator.

Activity 2
Form programming: A three-member programming team
(LV, YR, KG) programmed the forms in the mNavigator
application using CommCareHQ form builder. A dedi-
cated project manager from Dimagi Inc. was assigned to
the project as part of a 6-month advisory services contract.
The project manager worked closely with the researchers
to navigate any programming issues, assist with program-
ming complex logic or calculations, and provide other
consultation as necessary for mNavigator development.
For each form, one programmer was assigned to be the
primary builder, while a second programmer reviewed the
build and made any necessary adjustments. Any

modifications to the forms were discussed by the team be-
fore being implemented on CommCare. Figure2 shows
screenshots of the draft mNavigator user interface.

Activity 3
Program Quality Assurance: A quality assurance plan
was implemented to check mNavigator for comprehen-
siveness of patient scenarios and clinical workflows,
accuracy of clinical recommendations, and alignment
with treatment guidelines. Steps in the quality assurance
plan included:

1. Development of fictitious personas to simulate patients
and most common workflow pathways, and test
programmed decision logic. Details of personas
included socio-demographic characteristics, clinical his-
tory, cancer diagnosis and staging, and treatment plan.

2. Testing the app for errors in flow or output using
personas. Details of the personas were entered into
mNavigator to assess the application flow, as well as
to assess if calculations and recommendations being
made are correct based on the standardized
treatment protocol. An example of a correct
application flow was for mNavigator to assign a
patient to the Burkitt lymphoma module when a
diagnosis of Burkitt lymphoma was entered in the
diagnosis form. Any errors or areas for
improvement were documented as detailed notes or
checklists and used to inform revisions.

3. Testing the app for errors in flow or output using
historical patient data. mNavigator was further
evaluated using historical patient data to assess the
application flow, as well as to assess if calculations
and recommendations being made are correct based

Table 2 Summary of study activities using the Consolidated Framework for Implementation Research process

CFIR phase Activities Tasks

PLAN Workflow mapping Existing clinical workflows
Provider tasks
Patient navigator tasks

Form development Translation of clinical workflows and national
treatment guidelines to data entry forms
Programming in CommCare HQ

ENGAGE Quality assurance Personas
De-identified patient records
Iterative testing and updates

Usability testing System usability score
Think aloud method

EXECUTE In-country training Training on mNavigator
In-country capacity building for sustainability

Implementation in routine clinical use Supported launch
Full launch

REFLECT AND EVALUATE Implementation- effectiveness hybrid design Clinical effectiveness
System evaluation
Implementation factors
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on the standardized treatment protocol. Any errors
or areas for improvement were documented as notes.

Activity 4
Usability testing: Research staff introduced approxi-
mately 15 BMC personnel to mNavigator during a study

launch event in July 2019. Attendees were BMC health
professionals who provide routine clinical care for
pediatric cancer patients including patient navigators,
clinical coordinators, health providers and other clinical
staff as well as non-clinical staff and other key stake-
holders whose buy-in was necessary for the successful

Fig. 1 Detailed draft workflow for retinoblastoma staging incorporating clinical workflows at BMC and the nationally-approved resource-adapted
standardized treatment protocol
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implementation of mNavigator. One BMC staff member
with database management and information technology
skills was trained on how to further customize, deploy
and manage mNavigator. A post-usability survey with
the four mNavigator users was used to assess system us-
ability (using the System Usability Scale), relative advan-
tage over standard of care, acceptability and satisfaction.
Additional feedback on system features received during
the study launch was also documented as notes.

Phase 2: intervention evaluation
Study activities
Training and usability testing will be followed by
supported implementation and evaluation (early-stage
effectiveness-implementation trial).

Informed consent
mNavigator will be used as the standard of care for
patient intake and outcome tracking of pediatric cancer
patients at BMC. All pediatric cancer patients at BMC
will be registered and tracked in mNavigator. For re-
search purposes, research staff (e.g., research coordin-
ator, mNavigator users, etc.) will consent caregivers of
any patients who receive a clinical diagnosis of Rb or BL
for tracking their treatment information. Data for only
those providing informed consent will be used in the re-
search study (with the exception of historical data). For
consenting patients, mNavigator will be used for treat-
ment management with a typical treatment duration of
3 months for patient with BL and 4 months for patient
with Rb.

Fig. 2 mNavigator user interface draft.a. mNavigator home screen.b. List of forms built in for Burkitt lymphoma patients.c. Example case detail
showing contact information of a fictitious patient.d. Example of data entry question on tumor staging with pictorial support.e. Illustration of
automated calculation of next chemotherapy cycle dates.h. Display example of chemotherapy cycle status
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