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Simple Summary: Mobile applications in clinical treatment are becoming increasingly popular
among cancer patients and survivors. The COVID-19 pandemic demonstrated the importance of
digital interventions in patient monitoring. We conducted a scoping review and classified Mobile
Health (mHealth) trials into sub-groups based on intervention methodologies, lifestyle variables,
and their effectiveness on cancer health outcomes. Our study identified the key elements of the
mHealth approach for cancer care, including interactive support, personalized suggestions, active
participation of users, wearable technology and rigorous theory-based solutions. We also established
a taxonomy that can be employed by application developers and medical specialists in developing
future mHealth cancer care solutions.

Abstract: Mobile Health (mHealth) has a great potential to enhance the self-management of cancer
patients and survivors. Our study aimed to perform a scoping review to evaluate the impact and
trends of mobile application-based interventions on adherence and their effects on health outcomes
among the cancer population. In addition, we aimed to develop a taxonomy of mobile-app-based
interventions to assist app developers and healthcare researchers in creating future mHealth cancer
care solutions. Relevant articles were screened from the online databases PubMed, EMBASE, and
Scopus, spanning the time period from 1 January 2016 to 31 December 2022. Of the 4135 articles
initially identified, 55 were finally selected for the review. In the selected studies, breast cancer
was the focus of 20 studies (36%), while mixed cancers were the subject of 23 studies (42%). The
studies revealed that the usage rate of mHealth was over 80% in 41 of the 55 studies, with factors
such as guided supervision, personalized suggestions, theoretical intervention foundations, and
wearable technology enhancing adherence and efficacy. However, cancer progression, technical
challenges, and unfamiliarity with devices were common factors that led to dropouts. We also
proposed a taxonomy based on diverse theoretical foundations of mHealth interventions, delivery
methods, psycho-educational programs, and social platforms. We suggest that future research should
investigate, improve, and verify this taxonomy classification to enhance the design and efficacy of
mHealth interventions.
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1. Introduction

Due to technological advancements and superior treatment interventions, individuals
diagnosed with cancer are now living longer [1]. However, the COVID-19 pandemic
has had a significant impact on cancer care, causing delays in diagnosis and treatment
for many patients [2]. As the global population grows and ages, the burden of cancer
continues to increase [3]. Recent data shows that approximately 10 million lives were lost
due to cancer in 2020, excluding non-melanoma skin cancer. Despite the progress in cancer
research and treatment, cancer remains a major health challenge and one of the leading
causes of mortality worldwide [3]. Hence, there is an urgent need to strengthen long-term
supportive care services as the cancer population grows [4]. Currently, cancer patients and
survivors face a daunting amount of responsibilities and information related to managing
their illnesses and recovery. To address this challenge, healthcare providers must equip
patients with the skills and knowledge required to effectively self-manage their conditions.
This includes problem-solving, decision-making, resource utilization, coordination with
healthcare providers, and taking appropriate actions to promote their own health and
wellbeing [5].

While traditional face-to-face interventions have been beneficial in cancer care [6,7],
they are not always feasible due to a lack of services, financial coverage, distance, or
incapacity [8]. Fortunately, digital interventions can help overcome this challenge, as
the rapid rise of mobile technology has made psychological interventions accessible to a
much wider population of survivors [9,10]. The use of short message service (SMS) and
applications (apps) through mobile devices such as smartphones and tablets in the health
domain is referred as mHealth [11]. Further, mHealth technology has already proved its
importance in the management of cancer patients, particularly in the areas of supportive
care and follow up [12,13].

Mobile apps offer several benefits, including the ability to gather self-reported mea-
sures, providing user-friendly experiences, tools for managing personal health, immediate
access to vital data, and reducing potential research biases [14,15]. Moreover, real-time
mHealth apps offer more personalized care by providing relevant healthcare information
at a low cost, and they encourage patients to meet the goals established by healthcare
professionals [16,17]. Combining an app with human supervision can significantly increase
patient engagement, while also improving cancer health outcomes [18,19].

Due to its complex and multi-faceted nature [20], defining a proposed mHealth inter-
vention and evaluating its effects requires a clear and precise taxonomy [21]. A taxonomy is
a useful tool for creating classifications based on relationships and has the aim of enhancing
conceptual understanding and predictions [21]. The development of a taxonomy is an
ongoing process that necessitates continual feedback and modification from users [21].
Theoretical foundations have important value for categorizing the assessment of mHealth
intervention outcomes [22-24]. The health and well-being of cancer survivors are signif-
icantly affected by various factors, such as different delivery mechanisms, social media
influence, and psycho-educational programs [24]. Several types of interactive health
communications, including social networking, have already been used as classification
methods [21]. After integrating a scoping review with taxonomy, it could support and
influence future research in this field by identifying and addressing gaps, inadequacies,
and trends in the existing evidence [25].

The primary objectives of this review were: (1) to explore published studies that used
mobile-based interventions among cancer patients, (2) to investigate research trends and
provide recommendations for the adherence and usage of mobile-app-based interventions
for cancer care management, and (3) to examine the effectiveness of mobile-app-based
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interventions on cancer health outcomes. Hence, this analysis classified mHealth studies
into various subcategories depending on the type of intervention strategies, lifestyle factors,
and their impact on health outcomes for diverse cancer types and its usage rate or adherence
for cancer care management. Additionally, the secondary objective of this review was to
develop a taxonomy of mobile-app-based interventions for app developers and healthcare
researchers that could assist in the development of future mHealth cancer care solutions.

2. Materials and Methods

In this study, a scoping review was conducted to identify articles that implemented
the following search strategy, study selection and data extraction method, and fulfilled the
selection criteria outlined below. The studies were classified based on the methods and
clinical outcomes.

2.1. Search Strategy

The search strategy followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses for Scoping Review (PRISMA-5cR) guidelines [26]. We searched for
related studies in different online databases, including PubMed, Scopus, and EMBASE,
published between 1 January 2016 and 31 December 2022. The search for the studies was
conducted from 1 October 2022 to 31 December 2022. The authors performed a rigorous
search based on medical subject headings (MeSH) terms and relevant publication text
keywords that had been identified beforehand. These search terms included ‘Mobile
application” or ‘mHealth” or ‘Mobile apps’; ‘Cancer’ or ‘Cancer survivors’ or ‘Neoplasms’;
‘Intervention’ or “Treatment’.

The detailed search strategy and results are shown in Figure 1.

Identification and selection of studies via online

Records identified from Records removed before screening:
PubMed, Scopus, and [~ ®| Duplicate records removed
EMBASE (n=149)
Databases (1 = 4135)

Records were excluded based on the

Records screened screening of their title and/or abstract

A4

(n=3986) in accordance with the inclusion
criteria. (n = 3822)

v Full text articles excluded with reasons (n
=109
Full-text articles assessed for )
N ——»| ¢ Primary focus of the study was not in-
eligibility ]
(n=164) tervention
e  Cancer risk prediction studies
e  Conference papers
e  Protocol studies
Studies included in review e Review articles
(n=>55) e  Web based interventions

[ papnpuy J[ AIqIBIE ][ BUURING ][uogeagguapl]

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Scoping Review
(PRISMA-ScR) flow chart of study identification and selection of studies.
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2.2. Eligibility Criteria

The following selection criteria were applied for the inclusion of articles: (1) a focused
on cancer survivors and cancer patients undergoing treatment, (2) assessed lifestyle and
psychological interventions using mobile apps, (3) utilized apps for assisting patients
or survivors in self-managing their health on a routine basis, (4) contained one of the
following design types: randomized controlled trial (RCT), pilot study, prospective clinical
trial, quasi-experimental study, feasibility study, observational or pre-test post-test study,
(5) included only original research, and (6) were written in the English language only.

Studies were excluded based on the following criteria: (1) aimed at preventing or
detecting cancer, (2) used telecommunication technologies such as websites, telephones,
or wearables alone, (3) did not assess lifestyle or psychosocial factors or engagement with
mobile apps, (4) did not focus on intervention, (5) focused on the design, development, or
usefulness of mobile health apps, (6) were review articles, trial protocols, trial registrations,
conference papers, book chapters, notes, brief reports, letters, editorials, case studies, and
(7) were written in non-English languages.

2.3. Study Selection and Data Extraction

Two authors of this study (ED and NS) conducted an independent review of the
titles and abstracts of the entire search yield to identify eligible articles. If an article was
considered potentially significant by either reviewer, the complete text of the publication
was retrieved. In the event of a disagreement, a third reviewer (AC) decided the final article
based on the inclusion and exclusion criteria. All duplicate articles were removed. An
initial screening was conducted based on the titles and abstracts to identify articles that
fulfilled the inclusion criteria. For those that could not be rejected with certainty, full-text
articles were obtained. The authors then reviewed the full-text versions of each article to
identify those that met the inclusion criteria. Subsequently, the following information was
systematically extracted from each included study: study characteristics (country of origin,
year of publication, and sample size), patient characteristics (mean age, gender, and type
of cancer), intervention characteristics (duration, mobile app with or without interactive
support and/or wearables), and intervention focus (physical and psychosocial/lifestyle
variables). The selected studies were categorized based on their methods and outcomes, as
shown in Figure 2.

Review

Intervention
Approaches or Types

Effectiveness of
Intervention Based on
Usage Rate/Adherence

Effect of Intervention
on Various Cancer
Health Outcomes

Psychosocial or
Lifestyle Variables

and/or Wearable
Device

Mobile App, and/or
Interactive Support,

for Long-Term Care

Quality Of Life, Physical Activity, Symptom
Burden, Depression, Anxiety, Self-Efficacy,
Fatigue, Diet, Sleep, Pain, Mindfulness,
Exercise Capacity, Dyspnoea, Self-Esteem,
Adverse Events, Disability Motion, Muscular
Strength, Drug Adherence, Cognition, Self
Care, Treatment Side-effects, Mood, and
Patient Activation

Breast, Lung, Oral, Brain,
Aerodigestive, Pancreatic,
Hematologic, Esophageal,
Myeloid Neoplasm, and
Mixed Cancer

— Positive Qutcomes

L1 Neutral Qutcomes

Figure 2. Categorization of studies included in the scoping review based on methods and outcomes.
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2.4. Taxonomy

Our taxonomy was classified on the basis of dimensions that could potentially repre-
sent the key characteristics of users’ interaction and engagement with the interventions
delivered through mobile devices.

The four dimensions of this taxonomy are shown in Figure 3 and include the classifi-
cation of mHealth interventions according to

1. Theoretical foundation or behavioural techniques [22-24].

2. Delivery mechanism (through reminders/alerts or tailored messages/lifestyle recom-
mendations) [24].

3. Psycho-educational program [24].

4. Various social platforms [21,24].

Taxonomy
|
| | | |
Theoretical Deliver Psychological g .
Foundation Mecha.rﬁ?m Education Program il adom
Behaviour Change Techniques, Social Cognitive Theory, Reminders, [WhatsApp, Facebook,
Cognitive Behavioural Theory, Cognitive Behavioural | Alerts, and Push WeChat, and Line
Stress management, Control theory, Lea_rnj_ng thecry, Notifications Messenger
Goal Setting Theory, Self Determination Theory,
Motivational Interviewing, Acceptance Commitment
Therapy, Coherence theory, Coping Theory, Social Tailored Message
Support Theory, Science and Technology Acceptance '— and Lifestyle
Model, Game Based Learning, Evidence-Based Recommendations
Treatment, Evidence-Based, and Mindfulness-Based
Stressreduction

Figure 3. Flow of classification of the studies via taxonomy:.

3. Results
3.1. Scoping Review
3.1.1. Study Selection

The electronic databases’ search yielded a total of 4135 articles from PubMed (1 = 564),
EMBASE (n = 587), and Scopus (n = 2984). After removing duplicates, 3986 articles were
assessed based on their titles and abstracts. Among these, 3822 were excluded because
they did not meet the inclusion criteria exclusively. The remaining 164 articles underwent
full-text screening, and 109 were subsequently excluded for different reasons, such as
being non-intervention studies, cancer risk prediction studies, conference papers, protocol
studies, review articles, and web-based interventions (see Figure 1). Ultimately, a total of
55 studies were included in this analysis.

3.1.2. General Characteristics of the Studies

Out of the fifty-five studies, nineteen were conducted in North America (eighteen
in United States and one in Canada), eighteen in Asia (nine in South Korea, two each in
Iran, Turkey, China, and Taiwan, and one in Japan), fourteen in Europe (three in Sweden,
two each in Switzerland and Spain, and one each in United Kingdom, Ireland, Denmark,
Norway, Netherlands, Slovenia, and Germany), two in Australia (Australia and New
Zealand), and one in South America (Brazil). One study was conducted at multiple centres,
with study participants recruited across five European nations, namely Austria, Greece,
Ireland, Norway, and the UK.

In terms of study the designs of the selected studies, there were thirty-five randomized
controlled trials, six feasibility studies, five pilot studies, three quasi-experimental studies,
two pre-post studies, and one each of baseline/post study, prospective clinical trial and
randomized open-label trial (see Table 1).
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3.1.3. Characteristics of Research Participants

Most of these articles targeted breast cancer only (20 studies) or breast cancer and
other types of cancer (denoted by the term mixed cancer, 23 studies). Two studies focused
on each of the following: prostate cancer, pancreatic cancer and lung or/and non-small cell
lung cancer. The remaining six studies focused on oral cancer, brain tumour, aerodigestive
cancer, myeloid neoplasm, hematologic cancer and oesophageal cancer. The number of
participants across the 55 studies varied between 10 and 829. The mean age of participants
ranged from 14.2 years to 72 years. The duration of mobile-app-based interventions varied
between 4 and 32 weeks. The current review included studies with both younger and older
cohorts. Paediatric and adolescent cancer studies [27-30] accounted for four of the fifty-five
cancer trials. The remaining 51 studies focused on adults and older patients.

3.1.4. Measurement Tools

Subjective self-reported questionnaires and electronic patient-reported outcome mea-
sures that had previously been validated or applied in cancer research were used in all of
the included studies.

3.2. Categorisation of Studies

The studies included in our analysis were categorized based on their interventional
approaches and clinical outcomes (see Figure 2). The categories were classified as below.

3.2.1. Interventional Approaches/Types

All studies in our analysis used various intervention methods to improve cancer
health outcomes. Of these, twenty-six studies solely relied on mobile-based interventions,
seventeen studies used mobile-based interventions with interactive support, six studies
utilized mobile-based interventions with wearable devices, and six studies combined
mobile-based interventions with wearable devices and interactive support (see Table 1).

The mobile-based interventions in the studies monitored cancer health outcomes while
providing motivational texts, educational support, coping skills training, and game-based
learning. When integrated with wearable devices, the mHealth apps collected real-time
data and offered feedback. The interventions with interactive support were provided by
healthcare professionals, qualified counsellors, or researchers, and involved personalized
assistance, treatment, coaching, guidance, counselling, and motivation delivered via phone
calls, mobile apps, or face-to-face interactions.

3.2.2. Psychosocial/Lifestyle Variables Assessed

There were forty-three studies that assessed quality of life, fifteen studies that fo-
cused on physical activity, ten studies that targeted anxiety, nine studies that addressed
symptom burden and management, seven studies each for fatigue, loneliness/depression,
nutrition/diet, and self-efficacy, six studies for sleep quality, and five studies each for pain
and mindfulness. Additionally, three studies investigated exercise capacity, two studies
examined smoking cessation/abstinence, and one study each focused on dyspnoea, adverse
events, disability motion, muscular strength, drug adherence, cognition, self-care activities,
patient activation (self-management of illness), treatment side effects, self-esteem, and
utilization of supportive care services. These variables have been listed under the ‘focus of
the study’ in Table 1.

3.2.3. Effects of Interventions on Various Cancer Health Outcomes

The term “positive outcomes” referred to any improvement in participants” health as a
result of using mobile apps. Positive outcomes were found in 19 of 20 breast cancer studies,
19 of 23 mixed cancer studies, two studies each for prostate and lung cancer, and one study
each for oral, brain, pancreatic, and aerodigestive cancer. Neutral outcome implied no
significant improvement in the health outcomes of the participants and was seen in nine
studies [27,29-36]. Improvements in cancer health outcomes are summarized in Table 1.
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Table 1. Characteristics of included studies and mobile-based interventions.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design M(eyi::; ;:)ge Interactive Support and/or Study Focus Study Duration Health Outcomes
Wearables Device
Daily functional
Egbring et al., 2016 [18] Breast 100% females Mobile app + interactive Daily functional activity and
& S%vi tzer.ian d Cancer 139 RCT 5; (yrs) SILP ort activity and 6 weeks patient awareness
y PP adverse events of severity of
symptoms
Prospective . QoL, .
test-retest physical activity, QoL, physical
Lozano et al., 2019 [37] Breast . 100% females . body composition s
. 80 quasi- Mobile app only . 8 weeks activity and
Spain Cancer . 51.80 (yrs) and physical .
experimental .. body weight
study activity
motivation
Allicock et al, 2021 Breast Feasibility 100% females . . Physical activity Physical activity
[38] Cancer 2 study 52.23 (yrs) Mobile app + wearable device and diet 8 weeks and diet habits
USA Ballcock ’
Breast cancer
o . . . QoL, symptom well-being
Yanezetal, 2020[30] - Breast g RCT 100% females - Mobileapp ¢ inferacive pyion (east  6wecks (disease speciic
RV pp cancer related) QoL) and
symptom burden
Cinar e{,ii;ez}?ﬂ [40] (?;iiztr 64 RCT 1025/0;((3;}:)1 es Mobile asF; };;Oﬂteractlve QolL, distress 12 weeks QoL and distress
o QoL (Anxiety and
Handa e]taaI; nZOZO [29] g;i?:setr 95 RCT 1029/09&(311;:)1 s Mobile app only depression), 12 weeks No improvement
p 2 health literacy
Uhm et al., 2017 Quasi- QoL, physical
Breast . 100% females . . measurements QoL and
[16] 339 experimental Mobile app + wearable device 12 weeks ; ..
South Korea Cancer study 50.3 (yrs) and self-reported physical activity

physical activity
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
QoL (anxiety and
XU etal, 2021 Breast 100% females Mobile app + interactive dejp ression), QoL and
[41] Cancer 126 RCT 47.93 (yrs) support discomfort 16 weeks self-efficac
China i PP symptoms and y
self-efficacy
Ghanbari et al., 2021 [42] Breast 100% females Mobile app + interactive Anxiety and Anxiety and
82 RCT 4 weeks
Iran Cancer 46.45 (yrs) support self-esteem self-esteem
QoL, symptom
Sheean et al., 2021 [43] Breast 100% females Mobile app + interactive burden, 1.1festy1e QoL and
USA Cancer 3% RCT 55.11 (yrs) support behaviours 12 weeks hysical activit
v PP (nutrition and phy y
physical activity)
Non-
Kuhar et al,, 2020 Breast randomized 100% females . Throughout
[44] 91 controlled Mobile app only QoL QoL
. Cancer : 51.7 (yrs) chemotherapy
Slovenia prospective
cohort Study
Lozano-Lozano et al., 2020 Breast 100% females . QQL, disability, QolL, Fhsablhty,
[45] 78 RCT Mobile app only motion, muscular 8 weeks motion and
. Cancer 52.5 (yrs)
Spain strength muscular strength
Kim et al., 2018 QoL, drug QoL, compliance
Breast 100% females . adherence, side oo
[46] 72 RCT Mobile app only . 3 weeks to medication and
Cancer 51 (yrs) effects depression )
South Korea . side effects
and anxiety
Rosen et al., 2018
’ Breast 100% females . QoL and QoL and
[47] Cancer 84 RCT 53 (yrs) Mobile app only mindfulness 8 weeks mindfulness

USA
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
QoL, fatigue, QoL, fatlguef
depression, pain depression, pain,
Lengacher et al., 2018 o P S sleep quality,
Breast . 100% females . sleep quality, .
[48] 13 Pilot Study Mobile app only 6 weeks anxiety, stress,
Cancer 57 (yrs) stress, FOR, .
USA . . FOR, anxiety,
anxiety, cognition oy
. cognition and
and mindfulness ;
mindfulness
QoL, weight
management, diet
and p.h Ysmal QoL, waist
activity, circumference
Ferrante et al,, 2020 [49] Breast 35 RCT 100% females Mobile app + wearable device Car.d 1opulmopary 24 weeks healthy eating and
USA Cancer 61.54 (yrs) fitness, social . .
o calorie reduction
cognitive theory techniques
variables and d
anthropometric
outcomes
Hou et al., 2020
’ Breast 100% females .
[50] Cancer 112 RCT 42 (yrs) Mobile app only QoL 12 weeks QoL
Taiwan
Fjell et al., 2020 Breast 100% females Mobile app + interactive QoL and QoL and
[51] 149 RCT 18 weeks
Cancer 49 (yrs) support symptom burden symptom burden
Sweden
Oztiirk et al., 2021 [52] Breast 100% females . QoL and QoL and
Turkey Cancer 57 RCT 51.44 (yrs) Mobile app only symptom burden 8 weeks symptom burden
Bandam—Su[sSz;r]l etal, 2021 Breast 38 RCT 100% females Mobile app onl Cancer-related 7 weeks Fatieue
Tran Cancer 46.34 (yrs) pponty fatigue &
Mendoza et al., 2017 [27] Mixed 59.3% females Mobile app + wearable QoL and .
USA Cancer > RCT 16.6 (yrs) device + interactive support physical activity 10 weeks No improvement
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design M(eYaet‘:1 ;':)ge Interactive Support and/or Study Focus Study Duration Health Outcomes
Wearables Device
Blair et al., 2021 [54] Mixed 55% females Mobile app + wearable QoL and . ..
USA Cancer > RCT 69.6 (yrs) device + Interactive support physical activity 13 weeks Physical activity
QolL, fatigue,
distress, sleep,
. 5 mindfulness, pain,
Kubo etélé’: 019 1551 (1\:/; 11)1(ceedr 97 RCT 69 ;z;f(e;ga)les Mobile app only anxiety and 8 weeks QoL
depression, and
posttraumatic
growth
QoL, physical
Puszkiewicz et al., 2016 . o activity, . ..
[56] (1\:/; 11)1(((;3:1‘ 11 Pre—post study SZZEf(er?:)les Mobile app only well-being, fatigue, 6 weeks Egzizzl acltll:fitty
UK y sleep, anxiety and Pq y
depression
Yang etg}lﬁr?;)w 571 (1;/&[1 lr)l(fjr 58 RCT 3;12/0;;?;?58 Mobile app only QoL and pain 4 weeks QoL and pain
QoL, anxiety, QoL, anxiety,
Mikolasek et al., 2021 [58] Mixed Feasibility 74% females . fatigue, distress, fatigue, distress,
Switzerland Cancer 100 study 53.2 (yrs) Mobile app only sleep and 20 weeks sleep disruptions
mindfulness and mindfulness
QolL, fatigue,
self-efficacy,
loneliness, exercise
Walsh et al., 2021 [59] Mixed 86% females Mobile app + Wearable self-efficacy, social . BMI, waist
Ireland Cancer 123 RCT 57.42 (yrs) device support for 12 weeks circumference and
Sy physical activity, physical activity

functional exercise
capacity, diet and
physical activity
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
QoL,
self-efficacy for
coping with
Poort et al., 2021 . o cancer,
[30] Mixed 25 Pilot study 56% females Mobile app only self-efficacy for 12 weeks No improvement
Cancer 28 (yrs) .
USA managing
emotions and
perceived
emotional support
Robertson et al., 2020 [60] Mixed 91% females . . . . . ..
USA Cancer 78 RCT 55.1 (yrs) Mobile app + wearable device ~ Physical activity 16 weeks Physical activity
Pappot et al., 2019 [12] Mixed 70% females .
Denmark Cancer 20 Pre—post study 25 (yrs) Mobile app only QoL 6 weeks QoL
Jibb et al., 2017 Mixed One-group 43% females . QoL, pain and .
[28] Cancer 38 base- 142 (yrs) Mobile app only self-officac 4 weeks QoL and pain
Canada line/poststudy <Y y
Unmet
Livingston et al., 2020 [31] Mixed 71% females . . .
Australia Cancer 82 RCT 59.5 (yrs) Mobile app only psychological 16 weeks No improvement
needs
Boresund et al., 2020 [61] Mixed Feasibility 84% females Mobile app + interactive QoL, anx1er and QoL, anxiety,
Norway Cancer 2 study 48 (yrs) support depression, 8 weeks fatigue and stress
fatigue, stress
Ham et al., 2019 [62] Mixed 86% females . QoL, depression Depression
South Korea Cancer 63 RCT 44.1 (yrs) Mobile app only and anxiety 10 weeks and anxiety
Benze et al., 2019 [63] Mixed Feasibility 70% females . QoL, pain, distress QoL and
Germany Cancer 40 study 57 (yrs) Mobile app only and symptoms 24 weeks symptom burden
Mixed
Greer et al., 2019 [64] Cancer 74% females . QoL, anxiety QoL, anxiety
USA (high 145 RCT 56.45 (yrs) Mobile app only and depression 12 weeks and depression

anxiety)
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
QoL,
symptom burden,
Maguire et al., 2021 [65] . o . . . supportive care QoL, symptom
Austria, Greece, Ireland, é/; lr)l(cegr 829 RCT 825;) ie(mrasl)es Mobile as}zlp +;iltteractlve needs, work 18 weeks burden, anxiety
Norway and UK Sy PP limitations, and self-efficacy
anxiety and
self-efficacy
Ormel et al., 2018 [66] Mixed 13% females . . .. . ..
Netherland Cancer 32 RCT 33.6 (yrs) Mobile app only Physical activity 12 weeks Physical activity
Krebs et al., 2019 [67] Mixed 71% females Mobile app + interactive . . Higher confidence
USA Cancer 38 RCT 57.11 (yrs) support Smoking cessation 4 weeks to quit
. . o . . . Survivorship care Survivorship care
Casillas e[t_] aSIA, 2019 [68] gzcei 71 RCT 53 éol f(eril;a)les Mobile aS}Lp + ci?tteractlve knowledge and 8 weeks attitude and
y PP self-efficacy self-efficacy
Rico et al., 2020 [69] Mixed 87 RCT 56% females Mobile app + interactive QoL side effects 12 weeks QoL (side effects)
Brazil Cancer 45.2 (yrs) support
Chung et al., 2022 . o
[70] (1\:/; i(edr 41 RCT 82{?2:??? Mobile app only IQOL ar;? i 10 weeks Sleep quality
South Korea ce o yTs sieep quality
QoL, utilization of
Merz et al, 2022 Mixed ervices and
[33] 45 RCT 60% females Mobile app only . o 12 weeks No Improvement
USA Cancer patient activation
(self-management
of illnesses)
S 100% . . .
Sundberg et al., 2017 [71] Prostate Feasibility Mobile app + interactive QoL and QoL and
130 males 5-8 weeks
Sweden cancer study support symptom burden symptom burden

69 (yrs)
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
Lee at al., 2019 . o .
[72] Prostate 100 Randormze.d 100% males M.Obﬂ? app + Wearable Physical functions 12 £ 1 weeks Physical functions
cancer open-label trial 69.44 (yrs) device+ interactive support
South Korea
Jietal., 2019 [73] Non-small Prospective 70% Mobile app + wearable QoL, e.xerase QoL, e.xerc1se
cell lung 64 L ) males . capacity and 12 weeks capacity and
South Korea clinical trial Device
cancer 59.23 (yrs) dyspnea dyspnea
QoL, exercise Exercise capacity
Park et al., 2019 Lung cancer 90 Pilot study 46% males qulle app + wearable + capacity and 12 weeks and symptom
[74] South Korea 55.1 (yrs) interactive support symptom
management.
management
Wang et a}l., 2020 [75] Oral cancer 100 anm 92% males Mobile app + interactive QoL (symptoms), 12 weeks QoL and cancer
Taiwan experimental 57.01 (yrs) support cancer needs care needs
QoL
. (illness-related),
De Tommasi et al., 2020 Brain Feasibility 60% females . psychological QoL and
[76] 10 Mobile app only : 8 weeks .
tumour study 53.8 (yrs) distress and mindfulness
New Zealand .
mindfulness
capacity
Rettig et al., 2018 [77] Aerodigestive 29 RCT 62% males Mobile app + interactive Smf)kmg 8 weeks Smgkmg
USA cancer 55 (yrs) support abstinence abstinence
Pancreatic
Gustavell et al., 2019 [32] and Peri- % RCT 61% males 66.5 Mobile app only QolL, gelf—care 32 weeks No Improvement
Sweden ampullary (yrs) activity
cancer
Keum et al., 2021 . o . . .
[78] Pancreatic 33 RCT 63% males Mobile app + interactive QoL and nutrition 12 weeks QoL and nutrition
cancer 61.5 (yrs)

South Korea

support
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Table 1. Cont.

o Mobile App
Cancer Sample . Gender (%) and/or . Improvements in
Author, Year, Country Type Size Study Design Mean Age Interactive Support and/or Study Focus Study Duration Health Outcomes
(Years) .
Wearables Device
QoL, physical
Chow et al,, 2021 Hematologic 48.8% females Mobile app + wearable + activity, .
[19] 41 RCT . - . 16 weeks No improvement
cancer 45.1 (yrs) interactive support self-efficacy
USA .
and diet
Loh etal., 2022 Myeloid . 68% males Mobile app + wearable + Q(.)L.' phyS}cal 8-12 weeks .
[35] neoplasm 22 Pilot study 72 (yrs) interactive support activity, fatigue (two cycles of No improvement
USA p y PP and mood chemotherapy)
Yang et al., 2021 o . . . . ..
[36] Oesophageal 30 Pilot study 100% males Mobile app + interactive Physical activity 8 weeks No improvement
South Korea cancer 59 (yrs) support and nutrition

QoL, quality of life; RCT, randomized controlled trial; yrs, years; FOR, fear of recurrence.
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3.2.4. Effectiveness of Mobile-App Based Interventions Based on the Usage
Rate/Adherence for Cancer Care Management

To comprehend the general trends for app adherence or usage rate in cancer care
management, we tracked the participants’ usage of the applications and positive/neutral
outcomes across all cancer-type studies (see Table 2).

Table 2. Cancer type, cancer health outcomes, duration and usage rate of mobile-app-based interven-
tions for different cancer types.

Cancer Type Positive Neutral Dl.lration Usage R.ate
(n-Number of Studies) Outcome(+) Outcome (Min-Max) (Ma)(()-Mm)
(Weeks) (%)
Breast Cancer (n = 20) 19 1 4-24 100-74.5%
Mixed Cancer (1 = 23) 19 4 4-24 100-25%
Prostate Cancer (1 = 2) 2 0 8-12 89.4-79%
Lung Cancer (n = 2) 2 0 12 100-90%
Pancreatic Cancer (1 = 2) 1 1 12-32 82.5-79%
Oral Cancer (n =1) 12 0 12 100%
Brain Tumour (n = 1) 1 0 8 80%
Aerodigestive Cancer (n = 1) 1 0 8 100%
Hematologic Cancer (1 = 1) 0 1 16 90%
Myeloid Neoplasm (1 = 1) 0 1 8to12 88%
Oesophageal Cancer (1 = 1) 0 1 8 83.3%

There is no established standard measure or threshold for defining good or bad
adherence rates in app-based interventions for cancer care [79]. Adherence or usage rate
was evaluated using various criteria outlined in the selected articles. For the majority of the
included studies, we assessed adherence/usage rate based on data collection completeness,
which refers to the percentage of enrolled patients who completed the research. The
remaining studies had their own specific criteria for evaluating adherence. The study’s
usage rate was defined as the percentage of enrolled users who used the app as intended,
based on data logging of the application or until the end of the intervention [38,73]. Nearly
70% of the total studies included in this scoping review reported an 80% usage rate.
Therefore, we determined 80% as a suitable threshold for comparing the usage rates of all
the included studies. Of the included studies, 41 indicated an adherence rate of 80% or
greater, while 14 reported less than 80% adherence (see Table 3). One study had a notably
high dropout rate of 60%, despite having a short intervention period of only four weeks.
This was attributed to the participants” advanced age and lack of experience with the
game-based app [67].

Table 3. Distribution of studies based on mobile app usage rate and duration.

Completion/Usage Rate (%) Study Duration < 12 Weeks Study Duration 13-32 Weeks

=>80% 33 studies 8 studies
<80% 10 studies 4 studies
Total studies 43 studies 12 studies

Based on our analysis, the definition of dropouts varied across studies. Some studies
considered users who logged in only once or used the app once or twice as dropouts [79,80],
while another study set a minimum weekly usage of 90 min [39]. Therefore, for the present
investigation, the dropout rate was defined as the percentage of users who stopped using
the mHealth app [80]. The review presented usage rate and study duration results for each
cancer type (see Table 2).
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3.3. Taxonomy

Out of the fifty-five studies, forty-nine were classified based on the proposed taxon-
omy’s four different dimensions. However, six studies could not be categorized according
to the taxonomy as they did not fit into any of its dimensions [12,18,19,33,51,77]. The
classification of articles based on the four dimensions of the taxonomy outlined in Figure 3
is presented in Table 4.

Table 4. Taxonomy of the included studies based on four dimensions.

1. Theoretical foundation or behavioural techniques

BCTs SCT CBT |CBSM| CT LTs GST SDT MI | ACT | CohT|CopT| SST | TAM| GBL | EBT | MBSR
[37,45,56, | [37,38,43/45, | [62,64, [37,38, | [37,45, | [3745, )
59,66] 49,54,67] 70] [61] 4] 60] 60] [27,34] | [60]| [60] | [30] | [30] | [30] | [81] | [46] | [39] [48]

2. Delivery Mechanisms

Reminders/ Alerts/Push Notifications

Tailored Messages/Lifestyle Recommendations

[28,31,32,34,37,40,44,45,47,51,52,55,57,58,61,63,69,71,74,81]

[16,27,29,35,36,38,59,65,68,72,73,77,78]

3. Psycho-educational Program

[31,40,42,53,54,64,81]

4. Social Platform

WeChat

Facebook WhatsApp Line App

[41]

[27,34] [42] [75]

BCTs—behaviour change techniques, SCT—social cognitive theory, CBT—cognitive behavioural theory,
CBSM—cognitive behavioural stress management, CT—control theory, LTs—learning theories. GST—goal setting
theory, SDT—self-determination theory, MI—motivational interviewing, ACT—acceptance commitment therapy,
CohT—coherence theory, CopT—coping theory, SST—social support theory, TAM—science and technology ac-
ceptance model, GBL—game-based learning, EBT—evidence-based treatment, and MBSR—mindfulness-based
stress reduction.

3.3.1. Theoretical Foundations or Behavioural Techniques

A total of 22 studies utilized a theoretical foundation to encourage behavioural en-
gagement in their mobile-based interventions. Among these studies, the most commonly
used theory was social cognitive theory (SCT), which was applied in seven studies, fol-
lowed by behaviour change techniques (BCTs) in five studies. Additionally, control theory
(CT), learning theories (LTs), and goal setting theory (GST) were implemented in three
studies each.

One study by Lozano et al. [37] incorporated a variety of BCTs, such as reinforce-
ment, facilitation, self-monitoring, goal setting, performance feedback, and goal review.
By incorporating cognitive behavioural therapy (CBT) strategies, some studies used stress
management techniques, relaxation training, behavioural activation, cognitive restructur-
ing, problem solving approaches, activity planning, and pacing, along with techniques for
generating new thoughts, staying present, summarizing, and reviewing [61,62,64,70].

3.3.2. Delivery Mechanism (Reminders/Alerts or Tailored Messages/ Lifestyle Recommendations)

The studies included in the current taxonomy have been classified based on their
intervention methods, which include reminders/alerts/notifications and personalized
lifestyle recommendations/tailored messages. Out of the total 20 mHealth studies, alerts,
reminders, or push notifications were used as a means of intervention. These interventions
led to improved quality of life (QoL), pain-related outcomes, activity levels, anxiety, fatigue,
symptom burden, exercise ability, sleep, stress, disability motion, muscular strength, mind-
fulness, and cancer care needs. However, only two studies failed to show any significant
improvements [31,34].

On the other hand, thirteen studies provided personalized recommendations or tai-
lored messages as their means of intervention, which motivated cancer patients to change
their lifestyle habits or achieve their goals. These interventions resulted in improvements in
various aspects of health, such as QoL, physical activity, symptom burden, exercise capacity,
dyspnoea, smoking, self-efficacy, diet, sleep, weight, and even survivorship care attitudes.
However, four studies did not show any significant improvements [27,29,35,36].
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3.3.3. Psychoeducational Program

Seven studies included psychoeducation as a component of their interventions for
cancer patients. These apps provided information on cancer, exercises, balanced diet, and
therapeutic interventions for managing fatigue, pain, sleep, anxiety, depression, self-esteem,
and stress.

3.3.4. Various Social Platforms

Five studies utilized social media platforms to provide cancer care services. Platforms
such as WeChat app, Facebook, WhatsApp, and LINE app enabled patients to join groups
and interact with each other while also receiving support and guidance from a healthcare
provider. These studies demonstrated the potential of social media in facilitating peer
support and improving patients’ psychological and social well-being.

4. Discussion
4.1. Summary and Findings

The objective of this review was to examine the characteristics of intervention studies
and evaluate the impact of mobile health technologies on cancer health outcomes, ad-
herence, and usage rates among cancer patients. This review analysed 55 studies that
utilized mobile technology to enhance psychosocial or lifestyle habits in cancer patients
and survivors. The studies included various cancer populations, age groups, mHealth
interventions, and cancer outcome measures. The secondary objective was to develop a tax-
onomy based on mobile applications and interventions. All the studies were classified into
four distinct categories: theoretical foundation, delivery mechanism, psycho-educational
programs, and various social platforms. Despite the diverse range of studies included in
the review, the results demonstrated that mobile health interventions were effective and
well-received.

Several interventional strategies were employed to enhance cancer health outcomes.
Although cancer survivorship is characterized by persistent physical and psychological
challenges that make lifestyle modifications and management more challenging, the major-
ity of these interventions had a favourable impact on cancer health outcomes [59].

In 32 of 43 trials, mHealth treatments enhanced at least one component of cancer
patients’ quality of life. This is consistent with another meta-analysis that also reported
improvements in quality of life among cancer patients [82]. Of the seven psycho-educational
interventions based on mHealth, three resulted in an improvement in quality of life. In
contrast, a meta-analysis found that internet-based psycho-educational treatments reduced
depression and fatigue but had no effect on distress or quality of life [75].

Out of a total of 15 studies focused on physical activity, 11 reported a positive impact
on patients’ physical activity levels. Similarly, another systematic review found that mobile
applications had a positive impact on physical activity among cancer patients, utilizing
various theoretical frameworks. The only difference was that this particular review focused
specifically on the effectiveness of gamification interventions for improving cancer health
outcomes [83].

Our review included several studies, which indicated that symptom management
was improved in 7 out of 9 studies, and anxiety levels were enhanced in 7 out of 10 stud-
ies. These results align with another review that emphasized the beneficial effects of
digital interventions on anxiety and symptom management. However, the latter review
encompassed a wider range of interventions, such as web-based platforms, mobile apps,
tele monitoring, and telemedicine in cancer care, whereas our review focused only on
mobile-based interventions for cancer care [84].

Several studies reported that testing the effectiveness of their intervention was chal-
lenging due to a small sample size [28,30,32]. One study identified a communication
barrier between cancer patients and healthcare professionals, which negatively impacted
the patients” health outcomes. The report suggested that if healthcare providers had offered
additional support, the patients would have used the app more frequently [30].
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Previous studies have shown that high drop-out rates pose a significant challenge to
the success of digital health initiatives in terms of improving adherence and providing
support and follow-up [85]. Our review found that the duration of the research did not
have a significant impact on the adherence rate of most mobile applications. While mobile
devices may appear to be a practical solution in healthcare, users may initially use them
but then fail to continue using them regularly over time [31]. For instance, two trials in-
cluded in our review showed that elderly users lacked familiarity with the mobile devices,
resulting in drop-out rates of 59% and 60% [32,68]. One study from our review attributed
its 55.2% completion rate to one-way communication, which they believed reduced patient
engagement [69]. This is consistent with a review that found that two-way text messag-
ing improves medication adherence [86]. Our review also identified other factors that
could affect the effectiveness of mobile-based interventions, such as small sample size,
paper-based questionnaires, and the absence of a control group [30,31,59,61]. Lower usage
rates were also associated with how data was obtained, with objective measures (such as
number of log-ins) being more reliable than self-reported questionnaires [37]. The reasons
for dropouts in our review included aggravated sickness, old age, technical challenges
with devices/apps, fatigue, mortality, personal reasons, lack of intervention support, and
unfamiliarity with the mobile device. In our review, three studies examined approaches
to addressing the problem of attrition [31,62,67]. These studies suggested that a blended
healthcare delivery model, which combines mobile interventions with face-to-face consul-
tation or telephone support, could be effective. Additionally, time flexibility was found
to be essential for cancer survivors to fully benefit from mHealth solutions. The studies
also recommended providing a variety of interventions, such as survivorship features and
different exercises, to address this issue.

After conducting the review, several significant themes emerged from analysing vari-
ous mHealth solutions. As a result, we have put forward a taxonomy that categorizes all
treatments based on their theoretical foundations, delivery methods, psycho-educational
tools, and social platforms. Whilst mHealth treatments have huge amount of potential,
it is important to develop them using a theory and evidence-based methodology [24,59].
BCTs help in designing and presenting difficult treatments in a systematic way [59]. From
the analysis, we discovered that BCTs can potentially lead to favourable lifestyle modifi-
cations [38,46,56,60,67]. Some of these techniques used in the apps included goal setting
(behaviour), action planning, performance feedback, self-monitoring, instructions on how
to perform behaviour, graded tasks, prompts and cues, or social reward [37,56,59]. Besides
this, patients in the included studies took an active role in managing their own health,
which may have resulted in a rise in the usage of supportive care services. Self-management
strategies such as psycho-education therapies, exercise programs, and (online) self-care
interventions have shown to promote patient activation by giving them knowledge and
training problem solving and coping skills [80]. In three of the included studies, gamified
apps were also implemented to improve cancer health outcomes [47,60,68].

We discovered that nearly 84% of the articles included in our review showed a positive
response, which is consistent with prior reviews that have demonstrated improvements
in cancer health outcomes [87-89]. It is possible that this is because the trials in our
investigation had access to self-monitoring tools as well as automated sensors, online social
support, and, most importantly, real-time feedback systems.

Previously, a taxonomy was developed to distinguish various technology modalities in
clinical applications [90]. Furthermore, the credible classification of treatments in terms of
BCTs exists, as indicated in prior studies [22,90-92]. Based on existing related work [23,93],
we propose a framework for mobile-based interventions in cancer care. In our taxonomy,
classification is conducted based on four dimensions: theoretical foundations, delivery
mechanisms, psychoeducational materials, and social support via social media.

The widespread use of social media platforms such as Twitter, Facebook, and YouTube,
as well as online support, represents a significant opportunity for mHealth apps in cancer
survivorship [24,94]. In our study, three out of four studies successfully implemented
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mHealth solutions with social networks, demonstrating improvements in quality of life
and self-esteem, and decreased cancer care needs. Our findings suggest that online mobile-
based solutions can effectively enhance psychosocial and quality of life outcomes, while
also reducing anxiety levels in cancer patients [95]. These results are consistent with
Attai et al. [96], who found that participating in a Twitter support group increased cancer
knowledge and decreased anxiety levels among patients.

4.2. Study Strengths

Our research showed the usefulness and effectiveness of mobile-based treatments for
cancer care management. The present review provided an in-depth analysis of mobile
technology for lifestyle changes in the cancer population. The proposed taxonomy can be
used as a starting point for the methodical characterization of mHealth solutions, which
despite their wide range, are often described in similar words [97]. This taxonomy is
important, as it defines and categorizes the key characteristics of the users’ interaction and
engagement in mHealth interventions on cancer patients; therefore, it could be considered
in the creation of mobile apps focused on cancer management in the future. In addition,
most of the included studies showed good adherence to mHealth interventions, indicating
the promising application of mHealth in cancer management.

4.3. Study Limitations

First, we were unable to conduct a meta-analysis due to the multiplicity of study
designs and efficacy assessments. Second, the methodological issues (small sample size and
lack of control groups) deterred the synthesis and assessment of overall evidence strength.
Third, as the mean age of the participants from the selected studies varied from 14.2 years
to 72 years, we were unable to discuss the implications of elderly people older than 75 years.
Fourth, the search results for this study were based on MeSH terms and relevant keywords
along with their combinations found in cancer care literature reviews. Fifth, the review was
limited to English language articles only. Finally, it did not include any grey literature.

5. Conclusions

This research focused on identifying the factors that impact the effectiveness of mobile-
based apps and provided a taxonomy classification that explains the design and efficacy
of interventions for cancer care treatment and management. Various factors have been
identified as facilitators of successful mHealth interventions, including guided supervision,
personalized suggestions, a strong theoretical basis, and the use of wearable technology.
These elements have been shown to improve both adherence to treatment regimens and the
overall efficacy of mHealth interventions. However, despite these positive findings, there
are still barriers to the widespread adoption of mHealth, such as technical difficulties with
devices and apps, fatigue, and lack of intervention support. Additionally, various factors
such as old age, mortality, personal reasons, and unfamiliarity with mobile devices can
lead to dropouts from mHealth programs. Therefore, while the benefits of mHealth are
clear, further research is needed to address the challenges that may hinder its effectiveness
and ensure that mHealth interventions are accessible and useful to a diverse range of
individuals. The results highlighted the need for well-designed trials and robust theory-
based mHealth interventions in determining the efficacy and impact of mobile health
interventions in cancer care. With the advancements and expansion of mHealth technolo-
gies, there are increasing opportunities for these mobile apps in personalized health care
and behavioural change for cancer patients. For future studies, we highly recommend
investigating, improving and verifying this taxonomy classification in order to enhance the
efficacy of mHealth interventions for cancer care. These targets are aligned with the goals
of participatory health informatics, where the work for defining the types of interventions
that foster the participation of patients in their own healthcare is in progress. Furthermore,
as per recommendations, future research should look into how to expand this taxonomy to
address core aspects of cancer self-management with a holistic approach to the adherence
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to pharmacological treatments in cancer and addressing the challenges of disease, patient,
and socioeconomic factors in the cancer care domain.
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