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1 | BACKGROUND

Abstract
Objective: Digital health interventions (DI) open the possibility for cancer patients
and survivors to manage the disease and its side effects when they return home after
treatment. This study aims to highlight the components of DI, investigate patient
engagement with DI, and explore the effects of DI on psychosocial variables.

Methods:

ing on DI which target cancer patients or survivors.

In September 2017. we performed a systematic review of studies focus-
Results: A total of 29 articles (24 studies) were reviewed. There was considerable
heterogeneity in study methods, in outcome definitions. in measures for engagement
with DI and in psychosocial variables assessed. Results from the studies showed a
high level of engagement. Self-efficacy, psychological symptoms, and quality of life
were the most commonly assessed psychosocial variables. However, results for the
effect of DI on psychosocial variables were inconsistent. Regarding pain management,
results were in line with what one would expect.

Conclusions: The present review showed that despite the heterogeneity in the
studies assessed and inconsistent results, DI may constitute an excellent means to
help cancer patients and survivors cope better with the disease and with treatment
side effects, as they can improve self-management and wellbeing. In order to acquire
a greater understanding of the mechanisms underlying cancer patients'/survivors'
psychological and behavioral changes in terms of adopting DI. direct comparison
between studies is needed. However, this can only come about if methodological

and conceptual standardization of DI is implemented.

KEYWORDS

cancer patients, cancer survivors, e-health, interventions in oncology, m-health, non-randomized

study interventions. randomized control trials

In addition to physical issues, cancer patients (ie, on treatment) and
cancer survivors (ie, post-treatment) have to deal with several adverse
psychological effects (eg, fatigue, anxiety) which negatively affect
health-related quality of life.!> Most patients and survivors may not

see a health professional for a relatively long time after returning
home from hospital. They therefore need a degree of autonomy in
managing disease symptoms and side effects due to disease and treat-
ment. To achieve this, patients require skills and knowledge about
how to find and use information regarding their health situation.*>
This greater autonomy may lead to a faster return to daily activity




ESCRIVA BOULLEY €7 aL.

: L wiLEy

and work®” and therefore greater psychological wellbeing. Programs
and interventions using digital technology (ie, digital health interven-
tions—DI) may be an effective way to reach these desired outcomes.

Digital health interventions are becoming increasingly ubiguitous
in primary prevention and detection, diagnosis, treatment, and in the
management of associated side effects.® They can be delivered
through digital tools (D-tools) including computers, websites, mobile
phones, smartphone applications (apps), and wearable devices. The
major aim of DI is to foster and support behavioral change. Although
the potential for DI to help patients manage cancer is generally
accepted, few tailor-made cancer-focused DI currently exist when
compared with contexts such as smoking,” alcohol consumption,*®

weight management,'! physical activity (PA),'?

3

and self-management
of chronic conditions.”

Nevertheless, several DI for cancer are under development.
Understanding the engagement of patients and survivors in existing
Dl is important when developing DI. Engagement can be conceptual-
ized as a multidimensional construct including behavioral dimensions
(eg, amount, range, duration, frequency) and subjective experiences
that include cognitive and emotional states, such as attention, interest,
and affect.' It is assumed that the greater the engagement with DI,
the greater their effectiveness.**® For example, a positive association
between DI engagement and smoking cessation*® and weight loss'”
has already been observed. Accordingly, to evaluate DI effectiveness
in the cancer setting, patients and survivors' engagement with DI
needs to be assessed.

Reviews of DI targeting cancer are scarce. Some highlighted that
DI could be useful for individuals during cancer treatment and after-
wards, especially in terms of information, follow-up planning, and
managing side effects.'®'? Three others showed that DI could have
positive effects on adult cancer survivors' psychosocial variables
(eg, wellbeing, stress) and behaviors.2>2® Two of the three focused
exclusively on DI based on websites. The third tried to target mobile
phones and apps but found no article which used these D-tools.??

Two reviews'®2* found that engagement with DI was high. How-
ever, this variable was only examined in reviews targeting adolescents
and young adults. All the cancer-based reviews cited®2?# highlighted
that DI are mostly multi-component in nature, and that there was a
great deal of heterogeneity in the protocols and outcomes measured
in cancer-related DI studies they reviewed. It is worth noting that both
participants’ engagement and psychosocial variables were rarely
assessed at the same time in the DI studies and were never examined
at the same time in reviews.

Given that DI can be seen as a complement to traditional care
(ie, provided by health institutions, health professionals), improving
knowledge about the components of DI, engagement with DI, and
mechanisms through which DI exert their effects is a challenge which
can only be addressed by implementing more research. To design
effective DI, there is a need to increase knowledge about the DI com-
ponents that are usually used in the cancer setting, and what the most
popular ones are (ie, what components generate the greatest partici-
pant engagement). It is also important to examine the relationships
between DI and participant engagement and wellbeing, to ensure that
DI are a viable solution in the cancer setting. To understand the effec-
tiveness of DI, it is necessary to analyze results from comparisons

between a treatment group (TG) and a control group (CG), or from
comparisons between pre- and post-tests. The purpose of this system-
atic review is to examine the literature on DI designed to help cancer
patients and survivors live with their disease, and to explore their
effects on disease and treatment side effects, and on patients' psycho-
logical wellbeing. To do this, our review first identifies the components
of cancer-related DI. It then investigates and disentangles the ele-
ments of engagement with DI and/or associated D-tools, identifies
the psychosocial variables targeted (as an indicator of psychological
wellbeing) by DI, and highlights the effects of DI on these variables.

2 | METHODS

2.1 | Search strategy

This systematic review was conducted in accordance with the
AMSTAR checklist (A MeaSurement Tool to Assess systematic

Reviews,2>2¢)

. A comprehensive literature search was conducted to
identify scientific articles that analyzed DI targeting cancer patients
or survivors. A systematic search of electronic databases, includinrg
MEDLINE, PsychlNFO, Psycharticle, and Sport Discuss was, con-
ducted to identify articles published before September 2017. The fol-
lowing search terms were used in combination: digital health, mobile
health, m-health, mhealth, mobile application, mobile apps, cancer,

intervention, program, treatment, therapy, and strategy.

2.2 | Eligibility criteria

To be considered for inclusion, articles were required to meet the fol-
lowing criteria: (1) reviewed and published in English, (2) tested one or
more DI, (3) assessed psychosocial variables or engagement with DI,
(4) presented DI focused on helping patients or survivors to autono-
mously manage their health condition on a daily basis (eg, providing
strategies, training), (5) presented a main study, a pilot study, or an
exploratory study, and, (6) presented a study which had one of the fol-
lowing design types: randomized controlled trial (RCT), cross-sectional
study or pretest-posttest study. Articles detailing studies which used
RCT and non-randomized study interventions were included to com-
pensate for the currently small number of published cancer-based DI
studies, and to allow a comprehensive analysis of the effects of DI
to be carried out.

Studies were excluded when (1) the DI presented aimed at
preventing or detecting cancer, (2) participants did not actually use
D-tools, (3) psychosocial variables, or engagement with DI were not
assessed, (4) the DI presented aimed at improving self-care (eg, medi-
cation adherence, going to medical visits), (5) the DI presented
targeted health care professionals or providers, and (6) there were
reporting issues (eg, only the abstract was available, systematic
reviews, meta-analyses).

2.3 | Data selection and extraction

Preliminary screening was conducted based on titles and abstracts.
Full-text articles were obtained for all abstracts which initially met
the inclusion criteria for further evaluation, and for articles that could
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not be rejected with certainty. The reference lists of studies meeting
the eligibility criteria were screened in order to potentially include
additional relevant studies. Two of the authors independently
screened the full-text copy of every article in accordance with the
inclusion and exclusion criteria. Any disagreement was resolved by
discussion. The agreement rate between the two reviewers was 91%
{985/1083 studies). After discussion, the following details for each
study were systematically extracted: first author, year of publication,
country of origin, study design, objective, total sample size, interven-
tion period, characteristics of the population (age, gender, type/site
of cancer), type of D-tools used, outcome measures, measurement
tool, intervention component, and results. The process of data selec-
tion is outlined in Figure 1.

2.4 | Risk of bias assessment

The risk of bias for RCT studies which were included in this review was
assessed using the Cochrane Collaboration's tool for assessing risk of
bias.?” Risk of bias was classified (low, unclear, or high risk of bias)
based on the Cochrane risk of bias tool (Table 1 in supplementary
material). For non-RCT studies, the risk of bias was assessed using
the Risk Of Bias [n Non-randomized Studies—of Interventions
(ROBINS-128:) tool. Risk of bias was categorized (low, moderate, seri-
ous, or critical risk, or no information) based on the ROBINS-! tool

(Table 2 in Supporting Information).

3 | RESULTS

3.1 | Study selection

The literature search yielded a total of 1110 potential eligible articles
(Figure 1). After completely reviewing the 84 full-text articles selected
after screening abstracts and titles, 29 articles were eligible for inclu-
sion in the systematic review. The main reasons for exclusion are
reported in Figure 1.

32 |

Selected articles were published between 2001 and 2017. Twenty-nine

Study characteristics

articles were included corresponding to 24 studies. More than one
article was possible for the same study due to changes in study design
{protocol, sample size, etc.). Of the 24 studies, 14 were conducted in
USA, two in Netherlands, United Kingdom, and Canada, and one in
Australia, Sweden, Norway, and Korea. Twelve articles presented
exploratory or pilot studies, 16 presented main studies, and one
presented a usability study. Study design included 15 randomized
control trials, six posttests (cross-sectional), five pre-posttests, and
three quasi-randomized/non-randomized control triats.

Among the 29 articles, 14 referred to studies where patients were
undergoing treatment and 15 on cancer survivors. The mean number
of participants across the 29 articles was 105.69 (range: 4-492), of
which 81.24% were female. Age ranged between 8 and 80 vyears.

Records identified through
database searching

Additional records identified
through other sources

{n=1083 } (n=27)

] [ Identification ]

Screening

Eligibility

[

Included

FIGURE 1 Flow diagram of review process

{

Records after duplicates removed
{n =971+27}

L

Records excluded
{n =914)
Reasons: not or not only
about cancer patients, not
digital intervention,
systematic review

Records screened
{n=84)

r

Full-text articles excluded
(n=55)
Reasons. Focus on self-
care, no psychological or
engagement assessment,
no effective use by
participants of digital tool
provided in the
intervention setting,
tested by care
professionals, no resuits
displayed, to test an
assessment tool

Full-text articles assessed
for eligibility
{n = 84)

Studies included in
qualitative synthesis
{n=29)




ESCRIVA BOULLEY €1 aL

Most of these articles targeted breast cancer only (38%) or breast can-
cer and other types of cancer.

Digital health intervention duration varied in the different studies
between 10 days and more than 6 months. In two studies, DI was
used “for as long as needed.”?’3° Nine studies reported a post-
intervention follow-up measurement.>0-38

Twelve of the 24 studies were theory-based. Theories used
included Bandura's theories (DI31343637-41.; Theory*243:), gate control

theory’29,44.45

and goal-setting theory.***” The following theories
were cited as theoretical frameworks but were not in fact used in
the DI discussed: the trans-theoretical model,*®*° planned-behavior

4150 se|f-determination theory,>? the social contextual

theory,
model,>*% and self-regulation theory.>>¢ Data from the 24 studies
are summarized in the Supporting Information (see Table 3 for patients

and Table 4 for survivors).

4 | SYSTEMATIC REVIEW

4.1 | Intervention salient components

Study characteristics were heterogeneous, especially in terms of the

DI tested and their components. Different D-tools were used in DI

29.44

such as live videoconferencing, online interactive workshops,*°

33,34.38.48.55,57-59

websites including social networks for synchronous

31.36.37

or asynchronous communication 33316061 text messages, auto-

mated voice response,®2 PA tracking devices or Wi-Fi weighing scales

associated with an app,®1:53:55¢3

and apps for computer laptops.
smartphones, and/or tablets.3033:39:41:4653.64-67 The yarious compo-
nents of DI aimed at helping cancer patients and survivors cope better
with their disease were classified into one of two categories: psycho-
social components and design components.

Psychosocial components included: education and information,

psychological support, and strategies to optimize wellbeing.

411 |

Some DI provided education and information about disease side

Education and information

effects, symptoms (eg,3>3?) or pain management %7 and ways to
cope with the consequences of cancer (eg,2%%). For instance, they
explained (1) which activities to perform and how to perform them,
(2) potential risks, (3) when to contact a physician following symptom
onset, and (4) links to trusted websites.>® In addition to this kind of
information, some DI also provided information about weight manage-
ment and/or PA (eg.2**®3%). For instance, participants received guide-
lines about PA, education about the benefits of PA3* and details
about common myths related to PA.*® The information provided by
DI came as much from trusted sources (eg,>>®) as it did from other
patients.®©

412 |

With DI based on social networks or website accounts, patients could

Psychological support

read about other patients' experiences with cancer as well as share
their own experience.®” They could also receive or give support, infor-
mation, and advice (eg,>?**°). Contrary to the networks proposed to

adults (eg,***¢>7), which were specifically created for the purpose of

the studies analyzed, the social network proposed to adolescents
and young adults®® was pre-existing and well-known (Facebook). Fur-
thermore, to favor psychological support, some DI included encour-
agement in the form of reinforcement for current behaviors,>® the
use of badges,>! or messages with congratulations.*®

For some DI, patients and survivors could call or be contacted by
the researcher or health care professionals. The purpose of these
calls was to help them prepare questions for their physician, set
goals, and receive advice on how to implement behavior changing
techniques (eg.3*°1). Communication could be synchronous or asyn-
chronous. DI could also provide virtual relationships using videocon-
ferences (eg?%*%) or text messaging3® One virtual relationship
provided to children consisted in a 3D avatar that guided the
patients throughout the program using both speech and animation

components.3’

4.1.3 | Strategies to optimize wellbeing

DI could also include components which dealt with treatment conse-
quences and optimize wellbeing. They provided patients with strate-
gies to manage symptoms (eg, pain, lymphedema symptoms)
including guided imagery, muscle relaxation, diaphragmatic breathing,
and mindfulness (eg.3%%?). To do this, training was proposed through
the DI to develop cognitive and behavioral skills for pain and symp-
toms management.®® With respect to PA, participants were also given
tips, instructions, and videos to illustrate exercises (eg,"a""’). The aim
was to avoid relapse and to overcome barriers to PA.8 Patients also
learned how to schedule activity to be productive and active while
avoiding increased symptoms due to excess activity.

The second category of DI components, design components,
included: tailoring interventions, giving follow-up and feedback, and
providing functionalities which would aid the patients in their every-

day lives.

414 |

Some D-tools were tailored to individual patient data. Upon reporting

Tailored interventions

their symptoms patients immediately received both an evaluation of
their symptoms and tailored recommended strategies (eg,3*°%). For
instance, based on self-reported symptoms, the D-tool used in the
DI might display the appropriate subset of self-management activities
which patients could choose from.>®

In order to tailor the body weight and PA programs, participants
were asked for information (eg, energy balance, PA preferences,
recovery stage) (eg%%7). Based on this information, individualized
exercise programs were designed (eg,***8). In some DI, body weight

and PA goals could be negotiated or set by participants (eg,*).

415 |

With these DI, participants were asked to report or track self-related
58.59) pp 35.61

Follow-up and feedback

symptoms, their mood (eg, and their weight*! or, to post

an action plan for PA%° These DI offered patients the possibility to
see changes over time through visual displays.>*%” Based on this data,

participants could obtain real-time feedback on their behavior.#!



ESCRI VA BOULLE Y €T AL

416 |

Some DI provided several functionalities to help patients in everyday

Functionalities

life and cope better with side effects. For instance, they could use a
diary to write questions for future medical visits, record symptoms,3’
use a calendar feature to record each exercise session, side effects,
and share their satisfaction with the treatment.®> Additionally, push
notifications or phone calls were used to increase engagement and
user retention (eg,*®®). They were also used as a motivational

reminder and to reward adherence.**5*

4.2 |
421 |

Engagement was measured using both self-reported questionnaires

Participant engagement

Measurement tools

and interviews. Measurement tools were designed or chosen by
authors for the purpose of the given study (eg,2>“%) or were assessed

with a measurement tool used or validated in a previous study

(eg 33'48).

4.2.2 | Variables assessed to evaluate engagement

Participant engagement with DI was evaluated in several different

ways and using several variables as follows: feasibility (eg??°%)

, 48,5
34,55)‘ 3334)’ g, 8 5)I

acceptability (eg. usability (eg, satisfaction (e
usage,>* user feedback, compliance, and adherence rate (eg,*®*”). In
some cases, participants were also asked in a specific question
whether they would recommend the D-tool they were using {eg,5>¢7).

The questionnaires used to assess these variables were heteroge-
neous across studies. For instance, “feasibility” was assessed in terms
of (1) completion or not of an intervention session, {2) attrition or
adherence rate {eg,>>%°), (3) the number of assessments or text mes-
sages delivered and replied t0,%¢ (4) the efficacy of the website on
symptoms, symptoms distress, and quality of fife,>® and (5) the number
of eligible participants who enrolled in the study.®®

Sometimes, the same kinds of guestions were used to assess sev-

»ou

eral different variables. “Engagement,” “usage,” and "adherence” were
all assessed in terms of occurrence, duration, and frequency of use of
the D-tool. Examples included asking participants how many days they
used each of the pain coping skills, and counting the number of
responses received to text messages.*3>%

Although in some studies, defining variables and questions to
assess participants' engagement in DI was difficult, others used ele-
ments from previously validated questionnaires (eg,*3%). For instance,
“usability” was assessed using the System Usability Scale (¢®) in one

study .34

423 |

Scores for variables of engagement in DI were high over all the 24

Results regarding engagement

studies. More specifically, the scores for usability {eg,¢*¢°), feasibility
(eg>>**), usefulness {eg,3¢>%), and satisfaction were all high (eg,>>®3).
Studies found that participants would recommend the D-tool tested
and would continue to use it or participate again if the same DI were
proposed {eg,>**8). With respect to the frequency and duration of use

of D-tools, participants used them more than once a week*® and

41,51)

adherence rates were between 70% and 100% (eg, . Adherence

was higher when DI included socia! support.®”
The most popular DI functionalities in terms of higher patient
engagement scores included demonstration videos and reminder fea-

tures (eg,>>®)

. Participants mentioned that social support was the
main reason to participate*” in DI. Self-monitoring, self-rating, and
visual graphs were also perceived as useful, as well as the graded tasks
and different stages of the exercise (eg.2>*”). Although replying to
health professionals by sending messages or pictures was viewed as
time consuming, it was the most-used DI feature.®* Phone calls,
pedometers, and weighing scale devices were seen as very helpful to
set and achieve PA and weight goals (eg,>%°°).

Nevertheless, in two studies DI did not affect participants'
engagement.”>>%? Engagement in DI varied substantially between
studies. D-tools were seen as a burden and useless by some.*® Addi-
tionally, participants expressed a need for training, and for time to
learn and get used to the system and its features before they could
start to use it.°* Finally, participants called for the D-tools to be
improved, highlighting esthetic {eg, look, comfort) and technical issues
as well as difficulties they encountered when using the tools (eg,’*%7).
They also asked for more activities and media.5*

4.3 | Purposes of DI regarding psychosocial
outcomes

The most common psychosocial outcome targeted by DI was to help
in the management of symptoms and pain either for patients
(eg.2%%%) or survivors (eg,*®%7). Another purpose. in cancer patients
only. was to improve wellbeing by targeting various factors, for
instance quality of life, social support. and depression (eg,°%%).
Studies about cancer survivors targeted Dl focused on weight
management or improvement of PA, as there is evidence that
these variables play an important role in wellbeing and in avoiding

relapse (eg,**>3).

44 |
441 |

In the studies analyzed, the effect of DI on psychosocial variables was

Psychosocial variables

Measurement tools

assessed by self-reported questionnaire. They had already been vali-
dated or used in studies previous to those analyzed here.

442 |

Some of the studies included were designed to reduce psychoiogical

Psychosocial variables assessed

symptoms through the implementation of DI. These symptoms
included sadness, distress (eg,3®*4), worry,3’ fatigue (eg,2>**), fear,3®
depression,®® and anxiety and stress.>® Psychological components
of pain (eg, emotional pain and pain catastrophizing) were also
assessed (eg,37%).

Studies also targeted the modification of participants' perception
or beliefs as a result of implementing DI. Variables included perception

31.58) illness intrusiveness {eg 3>, perceived

of social support (eg,
loss of control over eating,®® and beliefs about medication.3®
In some studies, motivational variables related to pain, weight,

medication adherence, and PA were measured using questionnaires



6 |

ESCR IVA BOULLEY eT A L.

which assessed self-efficacy (eg,2%%), motivation, basic psychological
needs, and enjoyment.’? Finally, coping (eg,*%¢%) and quality of life
(eg,"&5 8) were assessed.

Self-efficacy, depression, anxiety, sadness and distress, and qual-
ity of life were the most commonly examined variables. They were
assessed using different scales which varied from one study to
another. For example, depression was measured by using the PHQ-8
Scale*® or the CES-D.*°

443 |

Results regarding the efficacy of DI in changing psychosocial variables

Results regarding psychosocial variables

were inconsistent. Studies mentioning a positive effect of DI

1

highlighted improvement in introjected motivation,>* and beneficial

changes for symptom severity,®? fear of recurrence, helplessness,

38,59)‘ In

fatigue, loss of control over eating, and perceived stress (eg,
one study, social support>® and social functioning improved in both
the TG and CG groups but were not statistically significant.®®

In some studies, DI had a negative effect or no effect at all on psy-
chosocial variables. For instance, three articles from one study
assessed the effectiveness of a DI for medication adherence through
a comparison between TG (ie, those implementing the DI) and CG.
The results presented in these articles were mixed. Measures of
“self-efficacy” in terms of medication adherence demonstrated differ-
ences between conditions in favor of the TG in one of the articles.3®
However, in other studies, these differences were not significant,”
and results were depended on recruitment criteria.3! Self-efficacy

41,53

improved in two studies, and beneficial changes were also

38:53) and quality of life (eg,*°).

However, in another study, no significant difference was observed

reported for perceived distress (eg,

between groups for these variables.>®

Depression, stress, and illness intrusiveness were not significantly
affected by DI (eg,®>>“9). In one study, where various DI were com-
pared with traditional in-person pain coping skills training interven-
tions, no difference was found between both intervention strategies
for effects on psychosocial variables, except for “pain catastrophizing”
which decreased more in the traditional group.?’ Some DI led to
greater improvement in anxiety, depression score and illness intrusive-
ness in TG than in CG (eg,4°'6°).

4.5 | Results of risk of bias assessment

The 15 RCT studies included in this review did not provide enough
information about allocation concealment and blinding (Table 1 in
Supporting Information). Most of these studies (9/15) were evalu-
ated as having a high risk of bias due to the absence of blinding or
missing data. No RCT study was assessed as having a low risk of
bias. Non-RCT studies provided insufficient information about con-
founding and deviation from intended intervention (Table 2 in
Supporting Information). The largest risk of bias regarded confound-
ing, selection of participants, and missing data. No non-RCT study
was assessed as having a low risk of bias. One study was assessed
as having a serious risk of bias while all the others were categorized

as "“no information.”

5 | DISCUSSION

This systematic review summarizes current literature on DI in the can-
cer setting. Twenty-nine articles were included. Results showed that
DI may be effective in changing behavior and helping people cope bet-
ter with disease and treatment side effects. More in-depth research is
needed to have a greater understanding of DI components, participant
engagement in DI, and the level to which DI may affect psychosocial
variables.

The results of this review show that D-tools used in DI in the can-
cer context vary depending on the population targeted. Cutting-edge
wearable DI to promote PA and Wi-Fi weighing scales were proposed

to adolescents in one study.®® Three other studies®>>>¢3

which
included middle-aged or elderly individuals also proposed them. In
the latter, individuals over 60 years old gave a positive evaluation of
DI and had a high score of acceptability. However, the majority of
studies tested D-tools which are already part of most individuals'
everyday lives, (eg, text messages, computers, smartphones) precisely
because they were already familiar with them. The problem with this
familiarity is that DI protocols seldom envisaged training sessions to
help participants use the DI more effectively as a tool which could
help them cope better with their disease and treatment side effects.
Indeed, some studies indicated that participants had requested train-
ing on features of existing D1.3%33%% |t is worth noting that only young
people suggested improving on available DI by proposing newer DI.
Older participants suggested improvements to existing DI. These
results should encourage researchers to propose cutting-edge D-tools
to the elderly and to provide essential training.

All the studies which assessed engagement in DI reported that
participants changed their behaviors, frequently use the D-tools pro-
posed, and expressed positive subjective experiences about them.
These results confirm that DI may help improve cancer patient and
survivor autonomy in symptoms management. Participants particularly
appreciated visual-based characteristics of the DI analyzed, and the
possibility to visually see the evolution of outcomes measured. How-
ever, social support and contact with health care providers were also
important features. D-tools cannot replace human contact but are an
effective complement to the interventions provided by health care
professionals.

Results from the studies included in this review which examined
engagement in DI showed that engagement was high. However, par-
ticipants were volunteers in all cases. This means that engagement
may have been overestimated. It also means that in order to encour-
age cancer participants' engagement in DI, they have to voluntarily
choose to use D-tools to help them manage their disease and related
side effects.

It is important to underline that the results about DI efficacy in
changing psychosocial variables were inconsistent across the studies,
with positive, negative, or no effect at all being cited. With respect
to engagement, it is difficult to compare the efficacy of the DI studied
because different assessment tools were used. In addition, the 24
studies analyzed in the present review varied greatly in terms of study
methodology and outcome measurements. Furthermore, the DI
described in the studies were diverse in terms of type and content,

duration and follow-up.



This heterogeneity prevents us from identifying the most effec-
tive components of DI and inhibits generalization and replication. First,
despite their overall common aim (to help in disease management), the
DI aims differed, with some targeting psychological benefits while
others focused on survivors targeted weight management and promo-
tion of PA. It is worth noting that although the evidence for the ben-
efits of PA during and after cancer treatment was unquestionable,®””®
it was only apparentin DI targeting breastcancer survivors (ie, women
survivors). This may be due to the higher prevalence of breast cancer
compared with other cancers. Nevertheless, some Dl-based protocol
studies targeting cancer patients (ie, both sexes, not only breast can-
cer) included a PA component.”*”? It is possible that interest in PA
as part of cancer treatment wili increase in the future. To further
investigate DI effectiveness, future studies should foflow this path
and target diverse cancers, focusing on men as much as women, in
order to allow greater comparison between studies and better under-
stand the role of specific contexts.

Second, of the 12 (12/24) studies which supposedly were theory
based, only eight actually implemented the theories they mentioned in
their DI analysis. Using theoretical frameworks to conceptualize,
implement, and evaluate DI efficacy is critical. The lack of a theoretical
framework leads to a lack of clarity around the mechanisms through
which DI impact outcomes. Theories are needed to better understand
the mechanisms that explain changes in behaviors, engagement, and
psychosocial variables in the context of DI According to Michie
et al® understanding more about human behavior could enable the
development of more effective DI. Reciprocally, DI constitute unique
opportunities to test and advance theories because of the type and
amount of data that can be collected.?

Third, DI are multidisciplinary by nature. Expertise and collabora-
tion from a wide range of academic disciplines, including behavioral
science, computer science, and human-computer interaction, are
needed.® This means that DI can assess a wide range of variables in
several disciplines which may have different terminology for the same
variable. As shown earlier, the terminology used when assessing DI
engagement can be quite confusing. There is a need to agree on a
common definition of engagement, and on what psychosocial vari-
ables should be assessed and how. The studies which evaluated
engagement in this review used either quantitative or qualitative
methods, but not both. Future studies must use multidimensional
mixed-method approaches to assessment which combine objective
assessment, behaviors, and subjective experiences of users.

Furthermore, most studies {15/24) assessed engagement and psy-
chosocial variables at the same time, but none examined the relation-
ship between these variables. This is an important concern because
engagement may affect or reflect DI efficacy on psychosocial vari-
ables, that is to say that a reciprocal relationship is as likely as an
inverse relationship. For the reciprocal relationship, during DI, the
more participants are involved in DI {ie, use D-tools, express positive
experience), the more they may see an improvement in psychosocial
variables. Reciprocally, the more participants improve their psychoso-
cial variables during DI, the more they use D-tools and express an
associated positive subjective experience. Instead, for the inverse rela-
tionship, an improvement in wellbeing (eg, quality of life, motivation,

self-efficacy) could lead to a decrease in the use of DI. This may be

explained by the real or self-perceived development of skills and
habits to deal autonomously with side effects. To increase our knowl-
edge in the DI field, these potential reciprocal and reverse relation-
ships need to be investigated through correlation, mediation, and
moderation analysis.

As well as the diversity of studies, in terms of temporality, it is
important to highlight another methodological issue which appeared.
D-tools are often easily abandoned, forgotten, or lost after 6 months
of use. Indeed, one study highlighted that a third of wearable fitness
tracker users quit using the tool in the first 6 months after purchase.”®
However, few of the studies included in our review lasted longer than
6 months. Accordingly, we have no way of knowing about behavior
over the longer term. These factors need to be taken into account
when interpreting results. Furthermore, future studies should last fon-
ger than 6 months and should assess follow-up evolution of outcomes
several months after the end of DI. By doing so, research could
enhance knowledge about how long-lasting behavioral changes really
are. Similarly, our assessment of risk of bias results showed that a large
number of the studies included had missing data. This high level of
attrition is common in computer and internet applications.”* There is
a need to examine the reasons for this in order to overcome this issue.

Finally, methodological guality was mostly poor in the studies
included. The level of risk of bias varied across the studies. Primarily,
there was a lack of detail that prevented the reproducibility of proto-
cols. Additionally, the studies included had several potential sources of
bias and error. In particular, missing data and the lack of blinding might
have biased results. These two issues are due to the natural evolution
of the use of D-tools and to the fact that loaning a D-tool to a DI par-
ticipant precludes blinding. This high level of bias could explain the
inconsistency in the results. Although missing data and the lack of
blinding are difficult to overcome in this field of research, to increase
the methodological quality of DI and allow reproducibility, future stud-
ies should at least provide more details about their protocols.

Studies on DI are difficult to implement. The lack of any
observed significant difference in psychosocial variables linked to
the use of D-tools could be due to the natural evolution related to
treatment (eg, side effects) or recovery/remission or indeed to the
fact that participants in CGs in DI have free access to digital health
tools other than those proposed to the TG in the DI. There is a need
to examine these variables in order to highlight the added value of DI
Additionally, a change in psychosocial variables takes time, yet DI are
constrained by the general duration which participants are asked to

proposed D-tools {ie, less than 6 months).

5.1 | Study limitations

To our knowledge, this systematic review is the first to focus on
engagement with DI and on psychosocial variables in the cancer set-
ting. Its main strength lies in the accuracy of the literature search
through the use of a solid research strategy and strict criteria, and
the use of PRISMA guidelines and Consort assessment bias tools.
Nevertheless, it is not without limitations. First, it was not possible
to determine DI effectiveness because of the diversity of studies,
components, and measurements. Therefore, there is a need to exam-
ine the unique contribution of each of these components to DI
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effectiveness. A meta-analysis is also needed to statistically assess DI
effectiveness. We could not do that here given the multiplicity of mea-
surement tools and results displayed. Second, several studies were
defined as unclear® or as having “no information.”*2 Finally, only pub-
lished studies were included in this review. Future reviews should

include unpublished studies.

5.2 | Clinical implications

Digital health interventions for cancer patients and survivors show
promise. They provide a unique opportunity to help patients and sur-
vivors to cope better with cancer and treatment side effects, and to
enhance psychological wellbeing, leading to faster recovery. DI can
complement health care providers' interventions, providing patients
with tips and strategies about how to manage pain and symptoms,
and how to adopt a healthier lifestyle. However, to be effective, DI
need to use a theoretical framework based on behavior change theo-
ries, and last more than 6 months.

Additionally, familiarity with specific D-tools and participation of
patients and survivors in developing new tools can significantly impact
engagement with DI, which in turn may affect its efficacy on psycho-
social variables. Accordingly, future research should consider
accessing participants' habits and digital literacy and providing various
ways for them to participate in the design of DI. New DI must include
training sessions for patients and survivors on how to use D-tools

ensure efficacy.

6 | CONCLUSION

The present review revealed that Di show promise because they
enhance participants' engagement with D-tools and interventions and
have positive effects on psychosocial variables and wellbeing. Never-
theless, DI require methodological and conceptual standardizations in
order to be able to compare studies and better understand the mecha-

nisms underlying participants' psychological and behavioral changes.
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