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Abstract

Background: Improving access to end-of-life symptom control interventions among cancer patients is a public health priority
in Tanzania, and innovative community-based solutions are needed. Mobile health technology holds promise; however, existing
resources are limited, and outpatient access to palliative care specialists is poor. A mobile platform that extends palliative care
specialist access via shared care with community-based local health workers (LHWs) and provides remote support for pain and
other symptom management can address this care gap.

Objective: The aim of this study is to design and develop mobile-Palliative Care Link (mPCL), a web and mobile app to support
outpatient symptom assessment and care coordination and control, with a focus on pain.

Methods: A human-centered iterative design framework was used to develop the mPCL prototype for use by Tanzanian palliative
care specialists (physicians and nurses trained in palliative care), poor-prognosis cancer patients and their lay caregivers (patients
and caregivers), and LHWs. Central to mPCL is the validated African Palliative Care Outcome Scale (POS), which was adapted
for automated, twice-weekly collection of quality of life–focused patient and caregiver responses and timely review, reaction,
and tracking by specialists and LHWs. Prototype usability testing sessions were conducted in person with 21 key informants
representing target end users. Sessions consisted of direct observations and qualitative and quantitative feedback on app ease of
use and recommendations for improvement. Results were applied to optimize the prototype for subsequent real-world testing.
Early pilot testing was conducted by deploying the app among 10 patients and caregivers, randomized to mPCL use versus
phone-contact POS collection, and then gathering specialist and study team feedback to further optimize the prototype for a
broader randomized field study to examine the app’s effectiveness in symptom control among cancer patients.

Results: mPCL functionalities include the ability to create and update a synoptic clinical record, regular real-time symptom
assessment, patient or caregiver and care team communication and care coordination, symptom-focused educational resources,
and ready access to emergency phone contact with a care team member. Results from the usability and pilot testing demonstrated
that all users were able to successfully navigate the app, and feedback suggests that mPCL has clinical utility. User-informed
recommendations included further improvement in app navigation, simplification of patient and caregiver components and
language, and delineation of user roles.

JMIR Cancer 2021 | vol. 7 | iss. 1 | e24062 | p. 1https://cancer.jmir.org/2021/1/e24062
(page number not for citation purposes)

Morse et alJMIR CANCER

XSL•FO
RenderX

mailto:MIESFS@mmc.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: We designed, built, and tested a usable, functional mobile app prototype that supports outpatient palliative care
for Tanzanian patients with cancer. mPCL is expressly designed to facilitate coordinated care via customized interfaces supporting
core users—patients or caregivers, LHWs, and members of the palliative care team—and their respective roles. Future work is
needed to demonstrate the effectiveness and sustainability of mPCL to remotely support the symptom control needs of Tanzanian
cancer patients, particularly in harder-to-reach areas.

(JMIR Cancer 2021;7(1):e24062) doi: 10.2196/24062
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Introduction

Cancer is a growing public health concern in sub-Saharan
Africa, with at least 500,000 annual deaths in recent years; a
doubling of cancer incidence and mortality is projected by 2030
[1-4]. Although data for Africa as a whole are limited, a study
in South Africa and Uganda showed unnecessary distress among
late-stage patients with cancer who most often reported
uncontrolled pain (87.5%), low energy (77.7%), sadness
(75.9%), drowsiness (72.3%), and worry (69.6%), with pain as
the most severe symptom [5].

Due to the limited pool of palliative care specialists and low
public and private investment in cancer control, there is an
urgent need for novel, sustainable, and community-based
solutions to address inadequate specialty palliative care services
throughout Africa [6-8], with a focus on the four pillars of the
World Health Organization (WHO): (1) appropriate policies,
(2) education (professional and lay), (3) drug availability, and
(4) implementation throughout society [1,9]. These are only
achievable with high-quality research to ensure that public health
solutions are evidence-based, culturally sensitive, feasible,
responsive, effective, and scalable [1].

With the increasing adoption of mobile technology, there is
great potential to improve outpatient cancer symptom
management through remote access to palliative care. In
Tanzania, cell phone ownership increased from 10% in 2002
to 73% in 2015, and smartphone ownership increased from 8%
to 13% between 2013 and 2017 [10]. Coupled with a projected
further increase in smartphone ownership, mobile health
(mHealth, ie, “the use of mobile and wireless devices to support
the achievement of health objectives”) [11] promises to grow
access to palliative care specialists (hereafter, specialists),
resulting in improved symptom management among patients
with cancer in Tanzania, our study setting, and other
low-resource settings [12]. Although active (ie, mobile survey
assessments and digital journaling) or passive (ie, wearables)
collection of symptoms over time for a patient with cancer may
be a feasible and reliable way of assessing quality of life
remotely, there is limited knowledge about the effects of these
emerging technologies relative to care coordination, with little
effort in low-resource countries [13,14].

A systematic review of existing mobile and web apps focused
on pain control in a range of medical conditions, including
cancer, reported that although the number of such apps is
growing, none of the apps described in scientific databases were
available commercially. Furthermore, among the 283 pain

control–focused apps identified in the 5 app stores (including
Google Play and Apple App Store), scientific evidence of
efficacy was nonexistent [15].

A more recent systematic review examined available full-text
publications on mobile apps with the following characteristics:
focused on cancer pain, downloaded and registered on either a
mobile phone or computer, using a numeric scale to assess pain,
reporting patient follow-up for more than a week, and available
in English. Of the 13 studies reviewed, 5 were randomized
controlled trials. The results of this review revealed that
app-supported pain control is generally effective in the
high-resource setting. Specifically, among the randomized
controlled studies reviewed, patients who used the tested apps
had less pain than patients without access to the apps. Other
outcomes, such as quality of life, pain catastrophizing, and pain
self-efficacy, were also improved in app users versus in those
from control groups [16]. Existing mobile apps used in cancer
pain management often offer a range of functions and
specifications, including shared records, training, and real-time
feedback. They educate patients about pain and enable
documentation of the type of pain experienced as well as
feedback regarding symptoms [16]. Importantly, mHealth
facilitates pain management among individuals living in rural
communities and supports control of other symptoms, including
depression [17].

Few studies have examined mobile palliative care solutions in
low-resource countries among those with noncommunicable
diseases (NCDs), despite increasing awareness of the symptom
control needs of patients with chronic diseases, including
patients with cancer, and knowledge that by 2030, NCDs will
be more prevalent than communicable diseases [12,18-30].
Limitations to previous studies include small sample sizes and
varied follow-up times, including some as short as 14 days.
There has been a call for larger samples and longer randomized
controlled trials as well as further assessment of app functions
most critical to symptom control [16]. Notably, previous studies
have included limited involvement of health care providers in
the design and development of apps, a limitation likely
influencing the utility of these technologies [15,19,20]. In close
partnership with Tanzanian target end users (physicians and
nurses trained in palliative care, patients and lay caregivers
[caregivers], and local health workers [LHWs]), we employed
a human-centered design (HCD) framework to design, develop,
and validate the usability of the mobile-Palliative Care Link
(mPCL) prototype; a web and mobile app focused on symptom
assessment and control for Tanzanian poor-prognosis patients
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with cancer that extends access to a limited pool of specialists
through partnerships with community-based LHWs.

Methods

Overview
This study was approved by the Institutional Review Board of
the Muhimbili University of Health and Allied Sciences
(MUHAS, Dar es Salaam, Tanzania). Signed informed consent
was obtained from all participants before enrollment into the
study.

Using WHO palliative care pillars (policy, education, drug
availability, and implementation) as a framework [9] and
responses to the validated African Palliative Care Outcome
Scale (POS; a 10-item quality of life–focused survey instrument)
[31,32] as an outcome measure (Figure 1), we partnered with
Dar es Salaam–based Tanzanian specialists (ie, palliative
care–trained, Ocean Road Cancer Institute (ORCI)–affiliated
oncology physicians and nurses), patients with cancer and
caregivers, and LHWs to develop, pilot test, and validate the
usability of the mPCL prototype. Located in Dar es Salaam,
ORCI is the largest government-supported cancer center in
Tanzania.

Figure 1. Palliative Care Outcome Scale of the mobile-Palliative Care Link app for a patient and caregiver (for display in Kiswahili). NA indicates
that the caregiver is not present.

Stages of mPCL Development
The app design and development process consisted of six stages.

Stage 1: Establishing the Study Team
The multidisciplinary study team established to design and test
mPCL included Tanzanian- and US-based partner institutions
and organizations—MUHAS, ORCI, Maine Medical

Center—and a social software enterprise Dimagi. Team
members included Tanzanian and US palliative care specialists,
health services researchers, software engineers and designers,
and a user experience (UX) specialist (author RM). The team
met remotely via videoconference on a monthly basis and
communicated via email throughout the app design,
development, and testing periods (Figure 2).
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Figure 2. Design and development timeline of the mobile-Palliative Care Link app. Early app use feedback involved only specialists and study personnel;
field study results are reported elsewhere.

Stage 2: Defining a Set of App Design Requirements
The study team defined 3 mPCL design requirements based on
a proposed workflow that was endorsed by clinical study team

members. Figure 3 shows the care communication and
coordination app-facilitated workflow.
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Figure 3. Design of the mPCL app focusing on the patient or caregiver and care team communication and care coordination. mPCL: mobile-Palliative
Care Link; POS: Palliative Care Outcome Scale.

Design requirements were as follows:

Requirement 1: Streamlined and timely collection of patient
self-reported symptoms. Central to mPCL’s utility is its ability
to regularly and in real time assess the patient’s quality of life
(with a focus on pain control) through scheduled, twice-weekly
POS delivery and response collection, including 7
patient-focused items and 3 caregiver-completed items (Figure
1). Permission was secured to adapt this survey instrument for
mobile use.

Requirement 2: Interdisciplinary care coordination. Following
a patient-centric, interdisciplinary system of care coordination,
mPCL was designed for access and use by the patient or
caregiver and key members of the patient’s clinical care team
to deliver responsive, high-quality community-based palliative
care services. We define these roles as follows:

1. Specialists include hospital-based specialist physicians
(oncologists trained in palliative care) and palliative care
nurses (hereafter referred to as nurses). The specialist
physician’s primary tasks are to generate a shared synoptic
clinical record and palliative care plan, review POS results,
and oversee the patient’s care. Nurses support the
development of the synoptic clinical record, conduct visits
with the patient or caregiver in coordination with the LHW,
and serve as a liaison between all care team members as
well as an emergency contact for patients or caregivers. As
such, both specialist physicians and nurses play a role in
creating synoptic clinical records in mPCL. The clinical
record and care plan can be viewed by other members of
the care team and can be updated at any time by the
specialist based on POS responses and input from the nurse,
LHW, and patient or caregiver. Specialist physicians have
the exclusive ability to prescribe, supply, and make

adjustments to morphine and other medications critical to
pain and other symptom management.

2. The community-based LHW, located in close proximity to
the patient’s or caregiver’s home, assists with regular remote
assessment, monitoring, and management of the patient’s
symptoms via in-person visits recorded in the form of mPCL
follow-up interactions and through mPCL communication
or care coordination in partnership with other team
members, thereby providing frontline care based on direct
ongoing specialist guidance and the needs of the patient.

3. The cancer patient receiving outpatient, home-based
palliative care as well as their caregiver, responsible for
providing in-home patient support, can access and use the
app to complete the 10-item POS and submit results to
mPCL’s cloud-based server for subsequent review by the
LHW and review or action by a specialist. Additional
patient-centric design specifications include a set of
low-literacy educational resources developed in Kiswahili
(Tanzania’s primary language) with a focus on the causes
and management of common late-stage cancer symptoms.

Requirement 3: Symptom response–focused communication
between the care team and patient or caregiver. Shared access
to POS results, an evolving synoptic clinical record and
palliative care plan, and follow-up notes by care team members
on interactions with the patient or caregiver allow for: (1) timely
communication to support patient-centered care plan decision
making in response to an LHW’s in-person assessment of the
patient experiencing escalating symptoms or other needs, (2)
coordination of care to implement changes to the care plan, and
(3) important updates regarding changes in patient status (ie,
hospitalization or death). mPCL also provides patients with
ready access emergency phone contact with a specialist or LHW
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in the event of rapidly escalating symptoms or acute changes
in clinical status.

Stage 3: Defining User Requirements
In accordance with HCD methodology, user characteristics and
needs were gathered and analyzed to create a set of user
requirements before app development [33]. The first step in
doing this was to create a set of user personas. Each persona
presented a summary of the key characteristics, background,
and needs of a representative user from each user group. The
personas were developed by a subset of the study team and
reviewed by all team members, including those in Tanzania
who had the closest understanding of prospective app users.
After the personas were complete, a set of user stories was
created. Each user story described how one or more users
(represented by the personas) would use the app, either on their
own or together. The user stories functioned as a means to
clearly and concisely define how the app would be used by each
user group. As with the personas, the user stories were reviewed
by all team members.

Stage 4: Creating the App Prototype, mPCL v.0
The app prototype, mPCL v.0, was designed and built to directly
support the core requirements defined in Stage 2, summarized
above. The process of designing and creating the prototype
involved (1) drafting the data architecture, (2) creating display
pages and input forms to populate with content, and (3) defining
custom user interfaces and permissions for types of users based
on their specific roles and tasks. Periodic technical reviews and
audits were conducted internally by Dimagi to ensure app design
optimization and to verify technical requirements for data
collection and analysis, for example, configuring unique user
names and updating a change in medication. The back and front
ends of the functional prototype were built and prepared by
Dimagi staff with feedback from clinical team members and
the team’s UX specialist. mPCL was developed on CommCare;
Dimagi’s open-source, secure, cloud-based case management
platform that allows end users to collect data and deliver
interventions via custom-built mobile and web apps. This
enabled the team to rapidly iterate the design and prepare a
functional prototype for testing and use [34].

Stage 5: Expert UX Review
Once the prototype was complete, an expert review was
conducted by the UX specialist. The goal of this review was to
identify and fix areas where the app was not in compliance with
established UX best practices. The UX specialist ascertained
areas of improvement and suggested changes. These changes
were reviewed by team members and implemented into an
updated version of the app. Key improvements included
reorganizing the workflow in the app to make it easier for
specialists and LHWs to access patient information, changes to
the set of data shown for each user group to ensure availability
of all essential information, and updates to labels and
terminology to improve clarity and ease of use.

Stage 6: Testing the Prototype
Usability and pilot testing were conducted with target end users,
whereby the mPCL prototype was iterated and further developed
after each phase of testing.

Usability Test

mPCL v.0 usability was assessed in individualized in-person
usability testing sessions conducted by the UX specialist with
participants representing target end users. Two site visits in
Tanzania were led by US study team members, in collaboration
with MUHAS and ORCI partners, to conduct in-person
prototype usability testing and then train end users on the system
just before the pilot test. The goals of usability testing were to
(1) validate the design of mPCL and identify any remaining
design issues, (2) uncover opportunities for system
improvement, and (3) learn about the target user’s behaviors
and prototype app interactions [35]. mPCL v.0 usability testing
was conducted with a diverse sample of patients, LHWs, and
specialists. Potential participants were identified and recruited
by ORCI-based study team members. The eligibility criteria for
patients included adult ORCI inpatients with known untreatable
cancer. Specialists included ORCI-based oncologists and a
palliative care nurse. LHWs were eligible to participate if they
were within 50 km of ORCI and had experience caring for ORCI
patients. Written informed consent was obtained from all study
candidates before the usability testing session.

Usability testing sessions occurred in person in a private space
at ORCI. Testing for patients and LHWs was conducted in
Kiswahili, with a translator. Testing for specialists was
conducted in English. Patients were first briefly trained by a
study team member on the basic use of mPCL. They were then
asked to use an mPCL-equipped study smartphone to perform
the following tasks to assess usability: (1) access educational
resources, (2) complete and submit POS responses, and (3)
contact a care team member. Specialist physicians were asked
to use an mPCL-equipped tablet to (1) set up a mock patient’s
synoptic clinical record, including a discharge palliative care
plan; (2) review POS results; (3) enter follow-up patient notes,
including changes in care plan; and (4) exchange notes with an
LHW. These notes were intended to document requests for
in-person assessment, collect additional clinical information,
convey treatment recommendations and care plan changes. The
nurse was asked to (1) register a mock patient into mPCL and
enter relevant sociodemographic and clinical information into
the synoptic clinical record, (2) complete the POS, (3) record
a note documenting an interaction with the patient, (4) review
the patient’s POS results and medications, and (5) update the
individual’s contact information. LHWs were asked to use a
study mPCL-equipped smartphone to (1) review a mock patient
record, including POS results and (2) exchange notes with a
mock specialist and patient regarding the patient’s assessment
and symptom control. All usability testing participants were
observed performing the predefined tasks and all issues that
arose in performing the tasks (eg, missteps in navigating through
the app to perform a task and errors entering data) were
documented. Recorded usability issues and participants’
recommendations for changes to the prototype design were
reviewed and considered by the study team. At the end of the
usability testing, all participants completed a verbally
administered survey that assessed users’ perceived mPCL ease
or difficulty of use. A set of recommendations was derived from
usability testing feedback to inform the iteration of a more robust
and user-validated mPCL prototype. App modifications
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ultimately accepted and employed were based on feasible design
decisions with the goal of maximizing usability. The final mPCL
v.1.0 prototype was then used in the subsequent pilot test.

Pilot Test

As part of a larger prospective field study of the system, cancer
patients were enrolled and consented upon planned discharge
to home from ORCI and randomized to either the mPCL
intervention or twice-weekly phone collection of POS responses
by an ORCI-based clinician team member. Here, we describe
the pilot testing used to inform the final version of mPCL
(v.1.1), deployed and tested in the field study. A full description
of the field study and its outcomes will be reported elsewhere
(manuscript in preparation). In brief, patient eligibility for both
the pilot test and field study included (1) an adult ORCI inpatient
with known untreatable cancer, being discharged to home, (2)
a 4-month life expectancy or greater per specialist physician
assessment, (3) residence within 50 km of ORCI for medication
access, (4) caregiver available to support outpatient care for the
illness duration, (5) an LHW consented to support the patient’s
outpatient care for the test’s duration (up to 4 months post
discharge), and (6) completed primary school education.
Intervention patients lacking personal smartphones were loaned
an Android device with the mPCL app preinstalled and available
for use during the 4-month study period, and those with reliable
access to their own personal smartphone were provided the
option to install and use the mPCL app on their own device. An
ORCI information technology specialist working directly with
the study team assisted patients with the preparation and
maintenance of devices for study purposes (ie, acquisition of
SIM cards and installation of mPCL) and served as the first
point of contact to respond to any emergent technical issues
over the course of the study. For specialists, mPCL was
accessible from their office-based computers as a web app as
well as their smartphones as a web or native mobile app. LHWs
had the option to either use their own mPCL-enabled
smartphones or an Android device provided for use during the
study with the mPCL mobile app preinstalled.

Real-time feedback and input regarding mPCL use as well as
study process or procedure problems were requested via email
and during regular team meetings from specialists (physicians
and nurse), and ORCI-based study personnel during the 2-month
pilot test period. Within this time, a total of 10 patients were
enrolled and randomized to mPCL versus phone contact. At the
end of the 2-month pilot test period, patient recruitment was
held for close to a month during which mPCL use feedback and
pilot test process recommendations were compiled, analyzed
and used to iterate on and finalize the app prototype, mPCL v
1.1, for further field study.

Results

mPCL v.0 Usability Testing
A total of 21 potential target end users participated in mPCL
v.0 usability testing: 7 patients and caregivers, 8 specialists, and

6 LHWs. Of the 7 patients who participated, 6 were women (1
man), and none of them reported any secondary school education
or spoke English. Patients’ ages ranged from 34 to 64 years,
and 2 patients or their caregivers owned an Android smartphone,
4 owned a mobile phone, and 1 did not own a phone. Among
specialists, 7 physicians and 1 nurse participated, and 6 of them
were women (2 men). Specialists had 4-14 years of clinical
experience, were English speaking, and owned Android
smartphones. The LHW participants included 4 women and 2
men with 4-14 years of clinical experience; all owned Android
smartphones. All LHWs were fluent in Kiswahili, with a few
also conversant in tribal languages, and reported limited English
language proficiency.

Open-ended user feedback and usability issues identified during
usability tests were itemized and reviewed by the mPCL study
team for optimization of mPCL v.0 to mPCL v.1.0. This
included review of direct feedback from users on role-specific
tasks and navigation of custom interfaces, designed for each
user role. Design component improvement recommendations
were subsequently reviewed, validated and acted upon.
Examples of user task performance improvement
recommendations prompting app optimization included (1)
reformatting the POS assessment for patients and caregivers to
display individual items one at a time instead of all on one page,
making it easier for those not accustomed to navigating a
touchscreen; (2) adding more comprehensive clinical data for
collection by specialists, specifically providing more detail on
the patient’s current and historical medications; (3) adding more
information on the patient’s social history to the clinical record
(ie, family support resources, such as their living situation and
nutritional support); (4) translating all information displayed to
LHWs into Kiswahili to make the app easier to use for those
with limited English language proficiency; and (5) adding the
individual patient’s cancer type and stage to the patient list
display for easier identification. Other emergent themes in user
feedback that were acted upon included the need for clearer
delineation of user roles and tasks and related user permissions
(eg, creation of follow-up notes by a specialist physician and
patient enrollment and registration by a nurse) and clarification
of POS data collection and monitoring (eg, reminder schedule
and modality to prompt patients to submit POS assessments,
and notification mechanisms to alert the care team of a new
POS submission). As summarized in Table 1, the perception of
mPCL’s usability for tasks performed ranged from a low degree
of ease and acceptability (3 out of 4) to a very high degree of
ease and acceptability (1 out of 4). In general, respondents found
mPCL easy to use, with an average usability score of 2 and
below for any given task. Of particular note, all LHWs (6 out
of 6) reported a high degree of ease and acceptability for time
spent reviewing the clinical record and the POS assessments.
Several respondents remarked that they anticipated that ease of
use and acceptability would improve with increased experience
using the app.
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Table 1. Prototype usability test survey results among patients, specialists, and local health workers (n=21).

Number of responses to sur-
vey items, n(%)

ResponseaSurvey item by user group

RangeMean (SD)

Patients (n=7)

7 (100)1-31.9 (0.9)Ease or difficulty of POSb completion

7 (100)1-31.3 (0.76)Acceptability of time to complete POS

7 (100)1-31.6 (0.79)Ease or difficulty of using educational materials

6 (86)1-21.2 (0.41)Ease or difficulty of making emergency phone calls

Specialists (n=8)

8 (100)1-21.5 (0.53)Ease or difficulty of creating a clinical record

8 (100)1-21.3 (0.49)Acceptability of time spent creating a clinical record

8 (100)1-21.1 (0.35)Ease or difficulty of reviewing a clinical record

7 (88)1-21.3 (0.49)Acceptability of time spend reviewing a clinical record

5 (63)1-21.6 (0.55)Ease or difficulty of reviewing POS

Local health workers (n=6)

6 (100)1-31.3 (0.82)Ease or difficulty of reviewing a clinical record

6 (100)1-11 (0.0)Acceptability of time spent reviewing a clinical record

6 (100)1-32 (0.63)Ease or difficulty of reviewing POS

6 (100)1-11 (0.0)Acceptability of time spent reviewing POS

4 (67)1-21.8 (0.5)Ease or difficulty of recording a patient interaction

aAll survey item responses were scored from 1 to 4, with 1=very high degree of ease or acceptability and 4=very low degree of ease or acceptability.
bPOS: Palliative Care Outcome Scale.

mPCL v.1.0 Pilot Test
During the 2-month mPCL pilot test period, 4 specialist
physicians, 1 nurse, 5 LHWs, and 10 patients who were
randomized to mPCL use versus phone-contact POS collection
were enrolled. Specialists, including a subset of mPCL users
who were also study team members (coauthors TN, BM, HM,

and MN) were asked to provide real-time feedback on issues
or questions related to either mPCL v.1.0 use or study processes
and procedures, in preparation for the subsequent field study.
Table 2 summarizes examples of issues identified; some of this
feedback required immediate resolution, whereas other feedback
was addressed at the end of the pilot test period.
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Table 2. Examples of mPCL pilot test feedback and corresponding actions taken.

Action takenIssue identified

ORCIb-based team instructed on resolutionCommCare failed to recognize installation codes necessary to install the mPCLa app on a study
phone

ORCI-based team instructed on resolutionCommCare failed to install updates

ORCI-based information technology support team
member engaged to address issues on demand

LHWsc and patients unknowingly uninstalled mPCL or reset cellular internet settings

“Unknown” was added as a response selectionStudy nurse could not complete the mPCL clinical record if the cancer stage was not known

Personal SIM cards were allowed and used with
study phones, with participant’s permission

Patients requested to use their own personal SIM cards rather than using SIM card provided by
study

Procedure established to capture data on patient’s
mPCL training ease or difficulty (eg, number of
times patient training repeated and specific chal-
lenges encountered during training)

ORCI study team noted variability in the ease of training patients on the use of mPCL

mPCL adjusted to allow the patient to more easily
select the desired care team member

Difficulty for the patient to select which care team member they wished to contact by phone in
emergency setting (ie, nurse, LHW, or specialist)

Feedback provided to patient that they were submit-
ting duplicate surveys, including a reminder that
they could contact a care team member by phone
in the event of escalating symptoms

Patients completed more than one Palliative Care Outcome Scale in a given day

amPCL: mobile-Palliative Care Link.
bORCI: Ocean Road Cancer Institute.
cLHWs: local health workers.

mPCL v1.1 Prototype Finalization
The mPCL v1.1 prototype functionalities summarized below
were focused on real-time symptom assessment and care
coordination, with the primary aim of effective symptom
management and maintenance of quality of life. For the purpose
of the mPCL field study, we defined and validated 4 individual
mPCL user groups with interfaces, access, and permissions to
functionalities specific to each group’s roles and tasks in
managing study patients: specialist physician, nurse, LHW, and

patient or caregiver. Specifically, a nurse was determined to be
the only user group with the ability to register a new study
patient in mPCL via the Enroll New Patient module. Additional
tasks assigned to the nurse to support field study-specific
activities (eg, ability to drop a patient from the study) were built
and validated via the pilot test, in preparation for the subsequent
field study. Field study-specific surveys for each user group
were directly included and disseminated to users through the
app (Figure 4 shows the screenshots of user interfaces).
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Figure 4. Four separate interfaces for four different user roles (from left to right): patient or caregiver, nurse, specialist physician, and local health
worker.

POS
The core priority of mPCL is adequate pain control based on
patients’ self-reported POS scores. The 10 Likert-scaled POS
items are included in the app as a survey form, with
single-choice response options ranked from 0 to 5,
corresponding to symptom severity. The assessment is displayed
in Kiswahili and designed to collect responses directly from
patients and their caregivers. Scores are automatically available

for review by the clinical care team upon synchronization of
data on mPCL-enabled devices connected to the CommCare
cloud server back-end. Through mPCL, patients are reminded
via SMS text message to complete the POS on a twice-weekly
basis, with results immediately accessible to the specialist, nurse,
and LHW for timely tracking and response, as needed. Flags
signifying escalating symptom scores were built into the app
for more immediate attention from the care team (Figure 5).
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Figure 5. Palliative care Outcome Scale responses (mock patient) as viewed in the mobile app on a smartphone (left) and on the web app (right) by
the specialist. A red triangle icon is displayed to alert the care team to reported pain scores that are above the set threshold.

Synoptic Clinical Record and Palliative Care Plan
A series of templated forms allow specialists to create and share
access to a synoptic clinical record and discharge palliative care
plan that includes the patient’s basic demographic information,
social history, disease type and stage, noncancer comorbidities,
a summary of previous cancer treatments, essential imaging
and laboratory results, and an outpatient palliative care plan,
including discharge medications and allergies. The synoptic

clinical record facilitates clinical and social history data
collection by a specialist physician and nurse immediately
following inpatient hospital discharge of the patient to home
for ongoing palliative care coordination. This record is available
to both the specialist physician and nurse with read or write
access and LHW with read access (Figure 6 shows the examples
of parts of the clinical record that are viewable to care team
users).
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Figure 6. Clinician web app view of patient information (top) and clinical record of the mock patient record (bottom).

Follow-Up Patient Interaction
Postdischarge changes in clinical status, including any
communication with or in-home assessment of the patient,
readmissions, clinic visits, medication adjustments, or death are
recorded in mPCL by a member of the care team using clinical
follow-up form templates. This clinical documentation is
intended for communication and care coordination among care
team members and to update the patient’s clinical record and
alert other care team members of important changes in clinical
status.

SMS Text Messaging and Reminders
One-way SMS text messaging is enabled and programmable
through the app to support, for example, scheduled reminders
to complete the POS or other study survey instruments.

Educational Module
Basic educational information, adapted from publicly available,
web-based resources [36,37], was developed to improve the
patients’ and caregivers’ awareness of the causes and
management of a wide range of late-stage cancer symptoms (ie,
pain, nausea, constipation, and shortness of breath). Through
the support of a US-based literacy expert, the educational
module was developed at a primary school reading level and
then translated into Kiswahili with the assistance of MUHAS
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or ORCI study team members and input from patient or caregiver usability test participants (Figure 7).

Figure 7. Example screenshots of the patient symptom-focused educational resource (displayed in Kiswahili for patients). Patients are able to select
specific content areas they would like to learn more about.

Emergency Contact
An emergency contact module was built to enable patients or
caregivers to directly connect with a member of the care team
via phone (Figure 8).
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Figure 8. Screenshots of the emergency contact module. When the patient clicks Yes on the first screen of the module (left), they are advanced to the
next screen (right), where they can click on a hyperlink to directly call the designated emergency contact.

Discussion

Principal Findings
Here, we describe mPCL HCD and development processes.
This secure, patient-centered web and mobile app is focused on
extending the reach of a limited pool of specialist clinicians.
Specifically, mPCL facilitates real-time symptom collection
and reporting for direct communication between patients or
caregivers and their clinical care team members, and
LHW-specialist care coordination to support prompt and
effective community-based symptom control. Through the work
described here we show that mPCL is usable and feasible for
executing and fulfilling tasks specific to and expected of each
user role.

Although this is not the first mobile app dedicated to
cancer-related pain and other symptom control, to our
knowledge; this is the first such system developed expressly to
support palliative care in low-resource settings using a
community-based framework of care. Critical to the mPCL
design process was input collected directly from potential target
end users to inform prototype iterations before finalization of

a version deployed in a real-world clinical setting. Although
smartphone ownership and connectivity have greatly increased
across Tanzania, more of this growth is among younger, more
educated, and affluent populations [10], and the use of a
smartphone app to deliver a symptom control intervention at a
population level in Tanzania has only recently emerged as an
area of exploration for researchers and developers. As such, a
full awareness and understanding of the target population’s
context is first needed to build a usable app in terms of access
to technologies and resources, ability to adopt and effectively
use the intervention, and preferences regarding design, to include
a careful assessment of the cultural competency of the app in
different populations and settings, especially those facing the
greatest socioeconomic and geographic barriers to care.

As with mPCL, individual apps can offer a wide range of
functions and specifications, such as educational resources,
diaries, reminders, treatment recommendations, and real-time
communication with health care providers. There is a need for
comprehensive reporting and testing of these individual
functions and features to examine which components are most
helpful in symptom control. Furthermore, standardized
quantification of patient-reported symptoms can be lacking or
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limited in apps. There has been a call for standardized protocols
and tools for pain (and other symptom) assessment, as this would
strengthen future mHealth studies and allow investigators to
synthesize and compare results of individual studies in a range
of settings and populations [18]. Here, we designed and
demonstrated the usability of an app directly addressing pain
and other symptoms (physical and emotional) using a validated
patient- and caregiver-focused tool (ie, the African POS). We
assessed the POS and other mPCL functions, as well as
user-focused features among representatives of all target user
groups.

Cancer-related pain is a global issue, with the greatest concern
among those in underresourced settings where access to
specialists and other resources, including medications, is limited
or nonexistent. mPCL is focused on pain and other acute and
chronic late-stage symptoms, directly linked to quality of life,
among patients with cancer from a low-resource sub-Saharan
African country. The design of an interface and functionalities
specific to the role of and usability tested among each member
of the palliative care team promises to address some of the
limitations cited in previous work in this area. Critical to the
utility and usability of mPCL was attention to the unique
cultural, sociodemographic, and educational experiences
(including language proficiencies) and backgrounds of patients
and their caregivers. We adopted a rigorous HCD approach with
active engagement and participation of patients and caregivers
throughout the app design process—a technique that is viewed
as essential to the adoption and ultimate effectiveness (herein,
reflected in improved quality of life among patients with cancer)
of new technologies in low-resource settings [38-40].

Core to mPCL functionality is the scheduled delivery and
collection of patient symptoms and quality of life indicators
made available real time to all care team members. This
functionality promises to deliver a prompt response to escalating
symptoms. The clinician end users viewed immediate access
to the synoptic clinical record and follow-up notes, as well as
functions focused on user group communication and care
coordination, as critical. The generation and tracking of the
synoptic clinical record were not found to be cumbersome
among the specialists who participated in both initial usability

testing and early pilot testing and users perceived the clinical
information to be up to date. In line with previous literature
revealing that real-time communication improves outcome
relative to adequate pain control, access to emergency phone
contact with a care team member was seen as an essential
component of mPCL [16].

Notably, both patients and LHWs reported the importance of
the educational module in improving awareness of anticipated
late-stage, cancer-associated symptoms as well as an
understanding of the basic means to control these symptoms.
Although these resources were directed at the patient and
caregiver, LHWs reported that this information was informative
for them personally and they believed that it supported them in
their care of patients with cancer.

Conclusions
Here, we describe the design and development of a mobile app
aimed at extending the reach of a limited pool of specialists,
dedicated to symptom control and improved quality of life
among late-stage cancer patients in low-resource settings. We
followed an HCD framework with direct engagement of all
target end user groups—specialists (physicians and nurses),
LHWs, and patients and caregivers—to design the prototype.
The central focus of the app was real-time symptom monitoring
(using a validated scale) and communication. Usability testing
revealed general app acceptance, and early pilot testing showed
the app to be usable and feasible in the setting of a single urban
cancer institute. Our broader, randomized field study will
provide further evidence regarding the clinical utility of mPCL.
Additional questions related to this work include the
generalizability of mPCL to other geographic settings and in
settings with less access to symptom control medications and
other support resources. As mobile technologies continue to
grow and evolve in low-resource settings such as Tanzania, the
field of cancer medicine can greatly benefit from an
understanding of how to build patient-centric tools optimized
for remote symptom monitoring and tracking as well as effective
and efficient care coordination. Furthermore, rigorous studies
of the use of tools such as mPCL in practice will be critical to
understanding how they can be widely adopted and scaled.

Acknowledgments
The authors thank Norma Albrecht for her assistance in preparing this manuscript. This project was supported by the National
Institutes of Health, Fogarty International Center (Grant Award No. R21TW010190).

Authors' Contributions
The coauthors of this paper include the following individuals who were active contributors to the study and the app design and
development team: HM served as the study nurse on the project and reviewed and provided input to the manuscript on the role
of nurses. MN was a coinvestigator on the project. She directly supported all ORCI-based study activities and reviewed and
provided input to the manuscript on the role of specialist physicians. JM served as the primary technical focal point on this project
and reviewed and provided input to the manuscript on the deployment of mPCL in the pilot study. As a PI, TN contributed to the
conception of the project, and oversaw all study activities at ORCI. He reviewed and provided input to the manuscript. BM served
as the study coordinator throughout the project period and reviewed and provided input to the manuscript on methods and results.
SM was the lead PI; she conceived of mPCL and oversaw the overall project. She contributed significantly to the initial draft and
the development of the manuscript. RM led UX design and usability and pilot data collection and analyses. He contributed
significantly to the initial draft and the development of the manuscript. EQ actively contributed to the design and development

JMIR Cancer 2021 | vol. 7 | iss. 1 | e24062 | p. 15https://cancer.jmir.org/2021/1/e24062
(page number not for citation purposes)

Morse et alJMIR CANCER

XSL•FO
RenderX

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


of the app and assisted with the generation of figures. KL led the design and development of the app and assisted with editing
portions of the manuscript and generation of figures. YH served as a PI, oversaw the app design and development, and contributed
significantly to the initial draft and development of the manuscript. SS managed the project timeline and design of the app and
assisted with editing portions of the manuscript and generation of figures.

Conflicts of Interest
KL, EQ, YH, SS are involved in the design and development of the mobile application described in this paper and are employed
by the organization whose revenue depends on the open source platform on which the mobile application was built. No other
conflicts have been declared.

References

1. Harding R, Selman L, Powell RA, Namisango E, Downing J, Merriman A, et al. Research into palliative care in sub-Saharan
Africa. Lancet Oncol 2013 Apr;14(4):e183-e188. [doi: 10.1016/S1470-2045(12)70396-0] [Medline: 23561750]

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021 Feb 04 [FREE Full
text] [doi: 10.3322/caac.21660] [Medline: 33538338]

3. Kanavos P. The rising burden of cancer in the developing world. Ann Oncol 2006 Jun;17 Suppl 8:viii15-viii23 [FREE Full
text] [doi: 10.1093/annonc/mdl983] [Medline: 16801335]

4. Parkin DM, Sitas F, Chirenje M, Stein L, Abratt R, Wabinga H. Part I: Cancer in indigenous Africans--burden, distribution,
and trends. Lancet Oncol 2008 Jul;9(7):683-692. [doi: 10.1016/S1470-2045(08)70175-X] [Medline: 18598933]

5. Harding R, Selman L, Agupio G, Dinat N, Downing J, Gwyther L, et al. The prevalence and burden of symptoms amongst
cancer patients attending palliative care in two African countries. Eur J Cancer 2011 Jan;47(1):51-56. [doi:
10.1016/j.ejca.2010.08.003] [Medline: 20822896]

6. Grant L, Downing J, Namukwaya E, Leng M, Murray SA. Palliative care in Africa since 2005: good progress, but much
further to go. BMJ Support Palliat Care 2011 Sep;1(2):118-122. [doi: 10.1136/bmjspcare-2011-000057] [Medline: 24653220]

7. Powell RA, Harding R, Namisango E, Katabira E, Gwyther L, Radbruch L, et al. Palliative care research in Africa: consensus
building for a prioritized agenda. J Pain Symptom Manage 2014 Feb;47(2):315-324 [FREE Full text] [doi:
10.1016/j.jpainsymman.2013.03.022] [Medline: 23870840]

8. Powell RAH, Harding R, Namisango E, Katabira E, Gwyther L, Radbruch L, et al. Palliative care research in Africa:
consensus building for a prioritized agenda. J Pain Symptom Manage 2014 Feb;47(2):315-324. [doi:
10.1016/j.jpainsymman.2013.03.022]

9. Stjernswärd J, Foley KM, Ferris FD. The public health strategy for palliative care. J Pain Symptom Manage 2007
May;33(5):486-493. [doi: 10.1016/j.jpainsymman.2007.02.016] [Medline: 17482035]

10. Silver L, Johnson C. Majorities in sub-Saharan Africa own mobile phones, but smartphone adoption is modest. Washington,
DC: PEW Research Center; 2018. URL: https://www.pewresearch.org/global/2018/10/09/
majorities-in-sub-saharan-africa-own-mobile-phones-but-smartphone-adoption-is-modest/ [accessed 2021-02-12]

11. New horizons for health through mobile technologies. Based on the findings of the second global survey on eHealth Global
Observatory for eHealth series - Volume 3. World Health Organization. 2011. URL: https://www.who.int/goe/publications/
goe_mhealth_web.pdf [accessed 2021-02-21]

12. Hazin R, Qaddoumi I. Teleoncology: current and future applications for improving cancer care globally. Lancet Oncol
2010 Feb;11(2):204-210. [doi: 10.1016/s1470-2045(09)70288-8]

13. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth interventions in low- and middle-income
countries--what has been shown to work? Glob Health Action 2014;7:25606 [FREE Full text] [Medline: 25361730]

14. Mutebi M, Bhatia R, Salako O, Rubagumya F, Grover S, Hammad N. Innovative use of mHealth and clinical technology
for oncology clinical trials in Africa. JCO Glob Oncol 2020 Jun;6:948-953 [FREE Full text] [doi: 10.1200/JGO.19.00191]
[Medline: 32614724]

15. de la Vega R, Miró J. mHealth: a strategic field without a solid scientific soul. a systematic review of pain-related apps.
PLoS One 2014;9(7):e101312 [FREE Full text] [doi: 10.1371/journal.pone.0101312] [Medline: 24999983]

16. Zheng C, Chen X, Weng L, Guo L, Xu H, Lin M, et al. Benefits of mobile apps for cancer pain management: systematic
review. JMIR Mhealth Uhealth 2020 Jan 23;8(1):e17055 [FREE Full text] [doi: 10.2196/17055] [Medline: 32012088]

17. Kroenke K, Theobald D, Wu J, Norton K, Morrison G, Carpenter J, et al. Effect of telecare management on pain and
depression in patients with cancer: a randomized trial. J Am Med Assoc 2010 Jul 14;304(2):163-171 [FREE Full text] [doi:
10.1001/jama.2010.944] [Medline: 20628129]

18. Thurnheer SE, Gravestock I, Pichierri G, Steurer J, Burgstaller JM. Benefits of mobile apps in pain management: systematic
review. JMIR Mhealth Uhealth 2018 Oct 22;6(10):e11231 [FREE Full text] [doi: 10.2196/11231] [Medline: 30348633]

19. Rosser BA, Eccleston C. Smartphone applications for pain management. J Telemed Telecare 2011;17(6):308-312. [doi:
10.1258/jtt.2011.101102] [Medline: 21844177]

20. Portelli P, Eldred C. A quality review of smartphone applications for the management of pain. Br J Pain 2016
Aug;10(3):135-140 [FREE Full text] [doi: 10.1177/2049463716638700] [Medline: 27583140]

JMIR Cancer 2021 | vol. 7 | iss. 1 | e24062 | p. 16https://cancer.jmir.org/2021/1/e24062
(page number not for citation purposes)

Morse et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.1016/S1470-2045(12)70396-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23561750&dopt=Abstract
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
http://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538338&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)41423-3
https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)41423-3
http://dx.doi.org/10.1093/annonc/mdl983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16801335&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(08)70175-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18598933&dopt=Abstract
http://dx.doi.org/10.1016/j.ejca.2010.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20822896&dopt=Abstract
http://dx.doi.org/10.1136/bmjspcare-2011-000057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24653220&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(13)00313-8
http://dx.doi.org/10.1016/j.jpainsymman.2013.03.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23870840&dopt=Abstract
http://dx.doi.org/10.1016/j.jpainsymman.2013.03.022
http://dx.doi.org/10.1016/j.jpainsymman.2007.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17482035&dopt=Abstract
https://www.pewresearch.org/global/2018/10/09/majorities-in-sub-saharan-africa-own-mobile-phones-but-smartphone-adoption-is-modest/
https://www.pewresearch.org/global/2018/10/09/majorities-in-sub-saharan-africa-own-mobile-phones-but-smartphone-adoption-is-modest/
https://www.who.int/goe/publications/goe_mhealth_web.pdf
https://www.who.int/goe/publications/goe_mhealth_web.pdf
http://dx.doi.org/10.1016/s1470-2045(09)70288-8
http://www.globalhealthaction.net/index.php/gha/article/view/25606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25361730&dopt=Abstract
http://europepmc.org/abstract/MED/32614724
http://dx.doi.org/10.1200/JGO.19.00191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32614724&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0101312
http://dx.doi.org/10.1371/journal.pone.0101312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24999983&dopt=Abstract
https://mhealth.jmir.org/2020/1/e17055/
http://dx.doi.org/10.2196/17055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012088&dopt=Abstract
http://europepmc.org/abstract/MED/20628129
http://dx.doi.org/10.1001/jama.2010.944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20628129&dopt=Abstract
http://mhealth.jmir.org/2018/10/e11231/
http://dx.doi.org/10.2196/11231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348633&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2011.101102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21844177&dopt=Abstract
http://europepmc.org/abstract/MED/27583140
http://dx.doi.org/10.1177/2049463716638700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27583140&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Bloomfield GS, Vedanthan R, Vasudevan L, Kithei A, Were M, Velazquez EJ. Mobile health for non-communicable
diseases in Sub-Saharan Africa: a systematic review of the literature and strategic framework for research. Global Health
2014;10:49 [FREE Full text] [doi: 10.1186/1744-8603-10-49] [Medline: 24927745]

22. Chib A, van Velthoven MH, Car J. mHealth adoption in low-resource environments: a review of the use of mobile healthcare
in developing countries. J Health Commun 2015;20(1):4-34. [doi: 10.1080/10810730.2013.864735] [Medline: 24673171]

23. Brinkel J, Krämer A, Krumkamp R, May J, Fobil J. Mobile phone-based mHealth approaches for public health surveillance
in sub-Saharan Africa: a systematic review. Int J Environ Res Public Health 2014 Nov;11(11):11559-11582 [FREE Full
text] [doi: 10.3390/ijerph111111559] [Medline: 25396767]

24. Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what works, what does not work and why of
implementation of mobile health (mHealth) projects in Africa. BMC Public Health 2014;14:188 [FREE Full text] [doi:
10.1186/1471-2458-14-188] [Medline: 24555733]

25. Bastawrous A, Armstrong MJ. Mobile health use in low- and high-income countries: an overview of the peer-reviewed
literature. J R Soc Med 2013 Apr;106(4):130-142. [doi: 10.1177/0141076812472620] [Medline: 23564897]

26. Obasola OI, Mabawonku I, Lagunju I. A review of e-health interventions for maternal and child health in sub-Sahara Africa.
Matern Child Health J 2015 Aug;19(8):1813-1824. [doi: 10.1007/s10995-015-1695-0] [Medline: 25652059]

27. Namisango E, Ntege C, Luyirika EBK, Kiyange F, Allsop MJ. Strengthening pharmaceutical systems for palliative care
services in resource limited settings: piloting a mHealth application across a rural and urban setting in Uganda. BMC Palliat
Care 2016 Feb 19;15:20 [FREE Full text] [doi: 10.1186/s12904-016-0092-9] [Medline: 26895882]

28. Agarwal S, Perry HB, Long L, Labrique AB. Evidence on feasibility and effective use of mHealth strategies by frontline
health workers in developing countries: systematic review. Trop Med Int Health 2015 Aug;20(8):1003-1014 [FREE Full
text] [doi: 10.1111/tmi.12525] [Medline: 25881735]

29. Folaranmi T. mHealth in Africa: challenges and opportunities. Perspect Public Health 2014 Jan;134(1):14-15. [doi:
10.1177/1757913913514703] [Medline: 24395839]

30. Vasudevan L, Ostermann J, Moses SM, Ngadaya E, Mfinanga SG. Patterns of mobile phone ownership and use among
pregnant women in Southern Tanzania: cross-sectional survey. JMIR Mhealth Uhealth 2020 Apr 08;8(4):e17122 [FREE
Full text] [doi: 10.2196/17122] [Medline: 32267240]

31. Harding R, Selman L, Agupio G, Dinat N, Downing J, Gwyther L, et al. Validation of a core outcome measure for palliative
care in Africa: the APCA African Palliative Outcome Scale. Health Qual Life Outcomes 2010 Jan 25;8:10 [FREE Full text]
[doi: 10.1186/1477-7525-8-10] [Medline: 20100332]

32. POS: Palliative Outcome Scale. African Palliative Care Association. 2012. URL: http://pos-pal.org/ [accessed 2021-02-12]
33. Harte R, Glynn L, Rodríguez-Molinero A, Baker PM, Scharf T, Quinlan LR, et al. A human-centered design methodology

to enhance the usability, human factors, and user experience of connected health systems: a three-phase methodology. JMIR
Hum Factors 2017 Mar 16;4(1):e8 [FREE Full text] [doi: 10.2196/humanfactors.5443] [Medline: 28302594]

34. Dimagi I. CommCare Mobile/web application software. Dimagi, Inc. URL: http://dimagi.com [accessed 2021-02-12]
35. Nielsen J. Usability engineering 1st ed. In: 362 p. Germany: Kaufmann; Nov 11, 1994:1-362.
36. Toward the end of life: what you and your family can expect. Memorial Sloan Kettering Cancer Center. URL: https://www.

mskcc.org/cancer-care/patient-education/towards-end-life [accessed 2021-02-12]
37. Physical changes as you near the end of life. American Cancer Society. 2020. URL: https://www.cancer.org/treatment/

end-of-life-care/nearing-the-end-of-life/physical-symptoms.html [accessed 2021-02-12]
38. Adam M, McMahon SA, Prober C, Bärnighausen T. Human-centered design of video-based health education: an iterative,

collaborative, community-based approach. J Med Internet Res 2019 Jan 30;21(1):e12128. [doi: 10.2196/12128]
39. Birnbaum F, Lewis D, Rosen RK, Ranney ML. Patient engagement and the design of digital health. Acad Emerg Med 2015

Jun;22(6):754-756 [FREE Full text] [doi: 10.1111/acem.12692] [Medline: 25997375]
40. Henderson VA, Barr KL, An LC, Guajardo C, Newhouse W, Mase R, et al. Community-based participatory research and

user-centered design in a diabetes medication information and decision tool. Prog Community Health Partnersh
2013;7(2):171-184 [FREE Full text] [doi: 10.1353/cpr.2013.0024] [Medline: 23793248]

Abbreviations
HCD: human-centered design
LHW: local health worker
mHealth: mobile health
mPCL: mobile-Palliative Care Link
MUHAS: Muhimbili University of Health and Allied Sciences
NCD: noncommunicable disease
ORCI: Ocean Road Cancer Institute
POS: Palliative Care Outcome Scale
UX: user experience
WHO: World Health Organization

JMIR Cancer 2021 | vol. 7 | iss. 1 | e24062 | p. 17https://cancer.jmir.org/2021/1/e24062
(page number not for citation purposes)

Morse et alJMIR CANCER

XSL•FO
RenderX

http://www.globalizationandhealth.com/content/10//49
http://dx.doi.org/10.1186/1744-8603-10-49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24927745&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2013.864735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24673171&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph111111559
http://www.mdpi.com/resolver?pii=ijerph111111559
http://dx.doi.org/10.3390/ijerph111111559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25396767&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/188
http://dx.doi.org/10.1186/1471-2458-14-188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24555733&dopt=Abstract
http://dx.doi.org/10.1177/0141076812472620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23564897&dopt=Abstract
http://dx.doi.org/10.1007/s10995-015-1695-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652059&dopt=Abstract
https://bmcpalliatcare.biomedcentral.com/articles/10.1186/s12904-016-0092-9
http://dx.doi.org/10.1186/s12904-016-0092-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26895882&dopt=Abstract
http://dx.doi.org/10.1111/tmi.12525
http://dx.doi.org/10.1111/tmi.12525
http://dx.doi.org/10.1111/tmi.12525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881735&dopt=Abstract
http://dx.doi.org/10.1177/1757913913514703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24395839&dopt=Abstract
https://mhealth.jmir.org/2020/4/e17122/
https://mhealth.jmir.org/2020/4/e17122/
http://dx.doi.org/10.2196/17122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32267240&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-8-10
http://dx.doi.org/10.1186/1477-7525-8-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20100332&dopt=Abstract
http://pos-pal.org/
https://humanfactors.jmir.org/2017/1/e8/
http://dx.doi.org/10.2196/humanfactors.5443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302594&dopt=Abstract
http://dimagi.com
https://www.mskcc.org/cancer-care/patient-education/towards-end-life
https://www.mskcc.org/cancer-care/patient-education/towards-end-life
https://www.cancer.org/treatment/end-of-life-care/nearing-the-end-of-life/physical-symptoms.html
https://www.cancer.org/treatment/end-of-life-care/nearing-the-end-of-life/physical-symptoms.html
http://dx.doi.org/10.2196/12128
http://dx.doi.org/10.1111/acem.12692
http://dx.doi.org/10.1111/acem.12692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25997375&dopt=Abstract
http://europepmc.org/abstract/MED/23793248
http://dx.doi.org/10.1353/cpr.2013.0024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23793248&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 04.09.20; peer-reviewed by L Rabinovich, I Gabashvili; comments to author 03.11.20; revised
version received 31.12.20; accepted 16.01.21; published 23.03.21

Please cite as:
Morse RS, Lambden K, Quinn E, Ngoma T, Mushi B, Ho YX, Ngoma M, Mahuna H, Sagan SB, Mmari J, Miesfeldt S
A Mobile App to Improve Symptom Control and Information Exchange Among Specialists and Local Health Workers Treating
Tanzanian Cancer Patients: Human-Centered Design Approach
JMIR Cancer 2021;7(1):e24062
URL: https://cancer.jmir.org/2021/1/e24062
doi: 10.2196/24062
PMID: 33755022

©Robert S Morse, Kaley Lambden, Erin Quinn, Twalib Ngoma, Beatrice Mushi, Yun Xian Ho, Mamsau Ngoma, Habiba Mahuna,
Sarah B Sagan, Joshua Mmari, Susan Miesfeldt. Originally published in JMIR Cancer (http://cancer.jmir.org), 23.03.2021. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information, a link to
the original publication on http://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2021 | vol. 7 | iss. 1 | e24062 | p. 18https://cancer.jmir.org/2021/1/e24062
(page number not for citation purposes)

Morse et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2021/1/e24062
http://dx.doi.org/10.2196/24062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33755022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

