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ABSTRACT

Background: Patients with cancer are increasingly prescribed oral
therapies, bearing greater responsibility for self-management of
treatment adherence and adverse events. We conducted a ran-
domized trial to test the use of a smartphone mobile app to improve
symptoms and adherence to oral cancer therapy. Materials and
Methods: From February 18, 2015, through December 31, 2016, 181
patients with diverse cancers who were prescribed oral therapy
were randomized to receive either the smartphone mobile app or
standard care. The mobile app included a medication plan with
reminders, a symptom-reporting module, and patient education.
Primary outcomeswere adherence (per electronic pill caps), symptom
burden (per MD Anderson Symptom Inventory), and quality of life
(per the Functional Assessment of Cancer Therapy–General). Par-
ticipants also completed self-report measures of medication adher-
ence, anxiety and depression symptoms, social support, quality of
care, and healthcare utilization. Linear regression was used to assess
intervention effects on adherence and change in self-report out-
comes from baseline to week 12, controlling for baseline scores and
social support. Results: Study groups did not differ across any
outcome measure, with an overall mean adherence of 78.81% (SD,
26.66%) per electronic pill caps. However, moderation analyses
showed that intervention effects on the primary adherence measure
varied by baseline self-reported adherence and anxiety symptoms.
Specifically, adherence rates per electronic pill caps were higher
in patients randomized to the mobile app versus standard care
within the subsamples of patients who reported baseline adherence
problems (mean difference, –22.30%; 95%CI, –42.82 to –1.78; P5.034)
and elevated anxiety (mean difference, –16.08%; 95% CI, –31.74
to –0.41; P5.044). Conclusions: Although the mobile app may not
improve outcomes for all patients prescribed oral cancer therapy, the
intervention may be beneficial for those with certain risk factors, such
as difficulties with adherence or anxiety.
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Background
Given advances in the study of tumor genetics, the de-
livery of cancer care has shifted considerably over the
past 2 decades with the increased use of oral cancer
therapies.1 Patients overwhelmingly prefer oral versus
intravenous treatment due to the convenience of home
administration, the mitigation of problems related to
intravenous access, and an increased sense of control in
taking medication.2,3 However, patients and oncology
clinicians now encounter new challenges as cancer care
is delivered at home.4,5

Although patients prescribed intravenous cancer
therapy receive direct supervision in infusion centers,
individuals prescribed oral therapy take their medi-
cations remotely with limited oversight and support
from clinicians.6,7 The toxicities of oral cancer therapy
can be equivalent to those of intravenous chemo-
therapy, including fatigue, nausea, and diarrhea,8 and
the lack of regular contact with an oncology team may
impact adherence to oral regimens5,9 because patients
often must manage symptoms and adverse effects on
their own.

Patient adherence to the prescribed dose and fre-
quency of oral agents for cancer is vital to treatment
efficacy. Poor adherence is associated with disease
progression and worse survival.10–14 Despite its impor-
tance for optimal outcomes, adherence to these medi-
cations varies widely, with rates ranging from as high
as 100% to ,50%.15–18 A variety of patient-, clinician-,
treatment-, and healthcare system–related factors are
associated with poor adherence (eg, distress, poor com-
munication, adverse effects, andmedication costs).15,16,18–20

Greater clinical support and research are needed to
overcome the challenges of fragmentation in care from
clinic to home, with specific attention to adherence
and symptom management.21

However, evidence-based interventions to opti-
mize adherence for patients prescribed oral cancer
therapies are lacking.18,22 Mobile technology provides
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an opportunity for monitoring and support through
a minimally burdensome, maximally accessible ap-
proach.23 Interventions delivered via mobile technolo-
gies can improve health behaviors in patients with
cancer.24 Moreover, smartphones allow for repeated
evaluation of adherence and symptoms in real time,
ideally enhancing care for patients prescribed oral
cancer therapies.

We conducted a randomized trial to test the use of a
smartphone mobile app to promote adherence to oral
therapy for cancer and symptom management. We hy-
pothesized that patients prescribed oral cancer therapy
whowere assigned to themobile appwould demonstrate
better medication adherence and report fewer symp-
toms and improved quality of life (QoL) compared with
patients receiving standard care. Secondary outcomes
included patient satisfaction with treatment and health-
care utilization. Finally, we planned to examine potential
moderators of intervention effects to identify sub-
groups of patients who might benefit most from using
such technology.

Materials and Methods

Study Design
We recruited patients with diverse malignancies
who were prescribed oral therapy for cancer to
participate in a 1:1 parallel-assignment randomized
controlled trial of the mobile app intervention
versus standard oncology care (ClinicalTrials.gov iden-
tifier: NCT02157519). The study was approved by the
Dana-Farber/Harvard Cancer Center (DF/HCC) Insti-
tutional Review Board.

Participants
Patients receiving care at the Massachusetts General
Hospital Cancer Center (or 2 satellite sites) were eligible to
participate if they had a cancer diagnosis, a current
prescription for oral cancer therapy (per electronic health
record [EHR] documentation), and a smartphone using
an iOS or Android operating system. Eligibility criteria
also included age $18 years, ability to respond to sur-
veys in English, and an ECOG performance status of
0 to 2.25 We excluded patients with comorbid acute
psychiatric symptoms or cognitive impairment inter-
fering with participation and those enrolled in oral
therapy clinical trials.

Procedures
Research staff queried the EHR to identify poten-
tially eligible patients and obtained permission from
oncologists to approach patients at their upcoming clinic
visits. After signing informed consent forms, enrolled
patients completed baseline assessments via paper at

their next clinic visit or via REDCap, an electronic
HIPAA-compliant survey tool.26 The study statisti-
cian developed a computer-generated randomization
scheme stratified by cancer type (hematologic vs solid
malignancy). Independent from the study team, the
DF/HCC Office of Data Quality then randomly assigned
participants to either the mobile app intervention group
or the standard oncology care control group. Study staff
provided patients with an electronic pill bottle in which to
store their oral cancer medication during the study. Par-
ticipants then completed the postassessment measures
12 (63) weeks after the baseline assessment.

Study Groups

Mobile App Intervention
The first phase of this research entailed an extensive,
iterative process with key patient, clinician, and
healthcare system stakeholders to develop the app.27

For the randomized trial, study staff met with each
patient assigned to the intervention in order to
download the app on the patient’s personal smart-
phone and orient the patient to the app functions.
Patients were instructed to use the app for 12 weeks.
The app included a personalized medication dosing
schedule (with an optional reminder system that
could accommodate various treatment regimens and
cycles), an adherence and symptom reporting module,
educational resources for symptom management and
other cancer-related topics, and Fitbit integration for
tracking physical activity.27 Patients received reminders
to take their oral cancer medication and complete
weekly adherence and symptom reports via push no-
tifications (ie, pop-up messages). For these weekly
reports, the app prompted participants to rate how
well they took their oral cancer medication as pre-
scribed using 2 scales (0%–100% and from “very poor”
to “excellent”) and to record the level of severity of
17 different symptoms. Results of theseweekly reportswere
transmitted via email to patients’ oncology clinicians, who
could respond based on their clinical discretion.

Standard Oncology Care
Patients assigned to standard care alone did not receive
the mobile app. These patients received care as usual
from their oncology clinicians, completed baseline and
post assessments, and were asked to store their oral
cancer medication in the electronic pill bottle.

Measures

Primary Outcome Measures

Electronic Pill Caps
The MEMS Cap (AARDEX Group) and GlowCap (Vitality)
are electronic pill bottle caps that record the date and
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time the bottle is opened, serving as a proxy for when
patients take the medication. We switched from using
GlowCaps to MEMSCaps during the study because
of service changes with GlowCaps. Such electronic
medication bottles are commonly used in adherence
monitoring.18,28

MD Anderson Symptom Inventory
Patients completed the 19-item MD Anderson Symptom
Inventory (MDASI),29 which consists of 2 subscales to
assess symptom severity and interference in the last
24 hours on a scale of 0 to 10, with higher scores indi-
cating worse symptoms.

Functional Assessment of Cancer Therapy–General
To measure QoL, we administered the Functional As-
sessment of Cancer Therapy–General (FACT-G),30 a
27-item questionnaire that assesses physical, social,
emotional, and functional well-being during the pre-
vious week, with higher scores indicating better QoL.

Secondary Outcome Measures

Morisky Medication Adherence Scale
The Morisky Medication Adherence Scale (MMAS-4)31 is
a validated and sensitive 4-item self-report measure to
assessmedication-taking behavior over the past week, on
which patients respond “yes” or “no” to each item to
indicate any problems with adherence.

Functional Assessment of Chronic Illness
Treatment–Treatment Satisfaction–Patient Satisfaction
The Functional Assessment of Chronic Illness Therapy–
Treatment Satisfaction–Patient Satisfaction (FACIT-TS-
PS)32 is a 29-item questionnaire that assesses patient
satisfaction with treatment, clinicians, and communi-
cation. Higher scores indicate greater satisfaction. To
reduce questionnaire burden, we only administered 5
subscales of the FACIT-TS-PS: clinician explanations,
interpersonal treatment, comprehensiveness of care,
nurse communication, and confidence and trust in the
doctor and treatment team.

Resource Utilization Questionnaire
Patients completed an adapted 3-item resource utiliza-
tion questionnaire that asked about the number of
emergency department (ED) visits and hospitalizations
in the past 3 months.

Potential Moderator Variables and Covariates

Sociodemographic and Clinical Factors
Participants reported their gender, race, ethnicity, mar-
ital status, education level, employment status, and
income on a demographic questionnaire. Study staff

collected data from the EHR regarding patient age, cancer
diagnosis, ECOG performance status, cancer therapy, ED
visits, and hospitalizations.

Hospital Anxiety and Depression Scale
The 14-item Hospital Anxiety and Depression Scale
(HADS)33 includes 2 subscales that measure anxiety
and depression symptoms in the past week. A threshold
of .7 on either subscale indicates clinically significant
anxiety or depression symptoms.

Multidimensional Scale of Perceived Social Support
The Multidimensional Scale of Perceived Social Support
(MSPSS)34 is a 12-item questionnaire that assesses per-
ceived social support on a scale of 1 to 7, with higher
scores indicating greater perceived social support.

Statistical Analyses
SPSS Statistics, version 22.0 (IBM Corp) was used to
conduct the analyses. Patient baseline characteristics were
described using measures of central tendency or propor-
tions. Based on the intent-to-treat principle, analyses were
first conductedwith all available participant data, and then
with multiple imputation to account for any missing data.
We examined between-group differences in outcomes
from baseline to 12 weeks using general linear and logis-
tic regression models for continuous and categorical
outcomes, respectively. Unstandardized coefficients (B)
and odds ratios were considered statistically significant
based on a 2-sided a of 0.05 and the 95% confidence in-
terval. Change in perceived social support on the MSPSS
was included in all models because of the documented
relationship between social support and adherence.18

Analyses also controlled for the baseline value of the
outcome of interest. Using the effect size estimates from
our prior pilot investigation,20 we had 80% power to detect
a statistically significant improvement in mean adherence
rates from 0.70 to 0.90 with a sample size of 150 patients
(n575 per group). We increased the target enrollment to
220 patients to ensure that at least 180 were randomized.

We also examined whether the mobile app inter-
vention’s effects on adherence varied among subgroups of
interest (per baseline demographics, self-reported ad-
herence, and mood symptoms) based on prior work.18 To
test moderators, we regressed the outcome on the in-
teraction between study group and baseline characteris-
tic, baseline characteristic, study group, baseline value of
the outcome, and change in perceived social support. We
then examined the effect of group assignment on the
outcome within each subgroup.

Finally, we created a factor representing patient engage-
ment with the mobile app by using principal components
analysis to combineminutes of appuse, days of appuse, and
number of completed symptom reports. We then calculated

JNCCN.org | Volume 18 Issue 2 | February 2020 135

ORIGINAL RESEARCHMobile App for Symptoms and Adherence

http://www.JNCCN.org


Pearson product-moment correlations to explore the rela-
tionships between app engagement and outcomes.

Results

Baseline Characteristics
From February 18, 2015, through December 31, 2016,
study staff approached 500 potentially eligible patients in

clinic, of whom 178 (35.6%) did not own a smartphone
and 110 (22.0%) declined to participate (Figure 1). Of the
212 patients who enrolled, 181 completed baseline as-
sessments and were randomly assigned to either the
mobile app (n591) or standard oncology care (n590).
The 31 patients who enrolled but failed to complete
baseline measures did not differ significantly from those
randomized with respect to age, gender, race, ethnicity,

Potentially eligible per EHR
screen (n=696)

Assessed for eligibility
(n=500)

Completed baseline &
randomized (n=181) 

Mobile app
(n=91) 

Standard care
(n=90) 

Post assessment (n=80)
Electronic pill bottle (n=84)

Post assessment (n=89)
Electronic pill bottle (n=86)

Enrolled (n=212)

Declined (n=110):
  • Not interested in app  (n=43)
  • Not interested in research (n=25)
  • Uncomfortable using
     smartphone (n=25)
  • Study burden (n=16)
  • Data security concerns (n=1) 

No smartphone (n=178)

Excluded

Oncologist denied permission
to approach (n=62)

Oncologist did not respond to
request to approach (n=134) 

• 17 declined to continue:
         Study burden  (n=7)
         Lost interest (n=4)
         Travel burden (n=3)
         Pill bottle concerns (n=2)
         Not feeling well (n=1)
 • 11 became ineligible:
         Off oral medication (n=8)
         Began trial drug  (n=2)
         No longer at MGH (n=1)

Dropped out (n=28)

Lost to follow-up (n=3)

Missing survey (n=1):
  • Deceased (n=1)

Missing pill bottle (n=4):
  • Did not return (n=3)
  • Data lost (n=1)

Missing survey (n=11):
  • Withdrew (n=7)
  • Deceased (n=3)
  • Lost to follow-up (n=1)

Missing pill bottle (n=7):
  • Did not return (n=6)
  • Lost in mail (n=1) 

Figure 1. Study flow diagram.
Abbreviations: EHR, electronic health record; MGH, Massachusetts General Hospital.
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or cancer type (ie, solid vs hematologic malignancy). Of
the 181 patients, due to an administrative error, baseline
data on the MDASI were missing for 31 participants.

Mean patient age was 53.30 years (SD, 12.91), 53.6%
were women, and most were white (88.4%) and part-
nered (80.1%) (Table 1). The most frequent diagnoses
were hematologic malignancies (33.1%), followed by
non–small cell lung cancer (18.2%).Most were prescribed
oral targeted therapies (66.9%), and average time on
treatment at enrollment for the sample was 12.70 months
(SD, 20.87). Approximately one-fifth of the participants
(21.5%) reported adherence problems on the MMAS-4 at
baseline.

Intervention Effects on Primary and
Secondary Outcomes
Study groups did not differ with respect to the primary
outcome of adherence per electronic pill caps. In ad-
dition, patient-reported adherence (MMAS-4), symp-
tom burden, QoL, satisfaction with treatment, and
healthcare utilization did not differ significantly be-
tween groups (Table 2).

Moderation Effects on Adherence Outcome
As shown in Table 3, intervention effects on adherence
per electronic pill caps varied by self-reported adherence
(group3 baselineMMAS-4 interaction: B526.04; 95% CI,
6.97–45.10; P5.008) and anxiety symptoms (group 3
baseline HADS–anxiety interaction: B517.55; 95% CI,
0.08–35.02; P5.049). Specifically, among the subgroup of
patients who reported adherence problems on the
baseline MMAS-4, those assigned to the mobile app had
better adherence per pill caps on average versus those
assigned to standard care (86.23% vs 63.94%; P5.034).
Similarly, among patients with elevated anxiety on the
baseline HADS–anxiety subscale, mean adherence in the
mobile app group was higher than in the standard care
group (85.46% vs 69.39%; P5.044). No demographic
factors, HADS–depression scores, or time on oral cancer
therapy moderated intervention effects on adherence.

Mobile App Engagement and Outcomes
On average, patients assigned to the mobile app in-
tervention completed 14.70 (SD, 14.12) symptom reports
during the study. Patients used the app for a mean of 57.43
minutes (SD, 64.71; range, 0–299 minutes), accessing the
app on 21.76 discrete days (SD, 21.24). Minutes and days
of app use and the number of completed symptom re-
ports accounted for 83.6% of the variance in the app
engagement factor. App engagement, per the combined
factor, was not related to any baseline characteristic of the
participants assigned to the intervention group. However,
greater app engagement was associated with a higher pro-
portion ofmedications takenper electronic pill cap (r5 0.29;

P5.022) and fewer ED visits resulting in hospitalizations per
chart review (r 5 –0.22; P5.048) during the study.

Missing Data Analyses
The rate of missing data at postassessment was 6.6% for
the self-report questionnaires and 6.1% for the electronic
pill cap data. To account for these missing data and the
missing baseline MDASI data, we replicated all analyses
using multiple imputation with 10 pooled datasets
(supplemental eTables 1 and 2, available with this article
at JNCCN.org). Findings were generally consistent with
the available patient analyses, showing that study groups
did not differ with respect to the primary and secondary
outcomes. Although the results of the subgroup analyses
were similar for the effect of the intervention among
patients who reported baseline adherence problems
(P5.040), the moderator effect of those patients with
elevated anxiety became nonsignificant (P5.074).

Discussion
Weevaluated anovel smartphonemobile app for adherence
and symptommanagement among individuals with diverse
malignancies who were prescribed oral therapy for cancer.
Patients who received the intervention did not experience
improvements in adherence, symptoms, QoL, perceptions
of quality of care, or healthcare utilization compared with
those who received standard care alone. However, among
the subgroups of participants who reported baseline ad-
herence problems or elevated anxiety, the mobile app was
associatedwith higher adherence, asmeasuredby electronic
pill caps, in the intervention group versus the control group.
Moreover, within the intervention group, greater engage-
ment with the mobile app was associated with improved
adherence and fewer ED visits leading to hospitalization.

Although this study highlights the potential for the
mobile app to promote medication-taking among patients
at greater risk for nonadherence, we failed to observe a
benefit of the intervention in improving the prespecified
outcomes. Despite the study’s comprehensive and iterative
process in developing the app with key stakeholders,27 the
intervention simply may not have been effective. Several
other factors may have contributed to the null findings: (1)
most patients had high self-reported adherence at baseline
with little room for improvement, (2) the sample was
heterogeneous with respect to cancer types and oral
treatments, and (3) clinicians were not required to
follow upwith patients regarding weekly adherence and
symptom reports, but rather could respond based on
clinical judgment. In contrast, recent trials have shown that
automated remote monitoring of patients during routine
cancer care can lead to lower symptom burden and use of
acute care as well as improvedQoL.35,36 Yet in those studies,
investigators provided results of symptom monitoring to
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Table 1. Baseline Sociodemographic and Clinical Characteristics

Characteristic
Total Sample

n (%)
Standard Care Cohort

n (%)
Mobile App Cohort

n (%)

Total, n 181 90 91

Age (range, 21–88 y)

Mean (SD), y 53.30 (12.91) 53.76 (12.08) 52.85 (13.74)

Gender

Female 97 (53.6%) 51 (56.7%) 46 (50.5%)

Male 84 (46.4%) 39 (43.3%) 45 (49.5%)

Race

White 160 (88.4%) 76 (84.4%) 84 (92.3%)

Asian 10 (5.5%) 4 (4.4%) 6 (6.6%)

Black or African American 5 (2.8%) 5 (5.6%) 0 (0.0%)

Multiracial 2 (1.1%) 2 (2.2%) 0 (0.0%)

Other or missing 4 (2.2%) 3 (3.3%) 1 (1.1%)

Ethnicity

Hispanic or Latino/a 5 (2.8%) 4 (4.4%) 1 (1.1%)

Education

Advanced degree 81 (44.8%) 35 (38.9%) 46 (50.5%)

College graduate 42 (23.2%) 21 (23.3%) 21 (23.1%)

Some college/technical school 44 (24.3%) 27 (30.0%) 17 (18.7%)

High school graduate/GED 14 (7.7%) 7 (7.8%) 7 (7.7%)

Relationship status

Married/Living with someone as if married 136 (75.1%) 68 (75.6%) 68 (74.7%)

Single, never married 17 (9.4%) 7 (7.8%) 10 (11.0%)

Divorced/Separated 13 (7.2%) 8 (8.9%) 5 (5.5%)

Non-cohabitating relationship 9 (5.0%) 6 (6.7%) 3 (3.3%)

Loss of long-term partner/widowed 5 (2.8%) 1 (1.1%) 4 (4.4%)

Missing 1 (0.6%) 0 (0.0%) 1 (1.1%)

Employment status

Full-time or part-time work or school 110 (60.8%) 56 (62.2%) 54 (59.3%)

Retired/Unemployed/Disability 69 (38.1%) 33 (36.7%) 36 (39.6%)

Other or missing 2 (1.1%) 1 (1.1%) 1 (1.1%)

Annual income, $USD

,$25,000 16 (8.8%) 9 (10.0%) 7 (7.7%)

$25,000–$50,000 19 (10.5%) 12 (13.3%) 7 (7.7%)

$51,000–$100,000 40 (22.1%) 17 (18.9%) 23 (25.3%)

$101,000–$150,000 49 (27.1%) 24 (26.7%) 25 (27.5%)

.$150,000 51 (28.2%) 25 (27.8%) 26 (28.6%)

Missing 6 (3.3%) 3 (3.3%) 3 (3.3%)

Cancer type

Hematologic 60 (33.1%) 30 (33.3%) 30 (33.0%)

Non–small cell lung 33 (18.2%) 16 (17.8%) 17 (18.7%)

Breast 26 (14.4%) 15 (16.7%) 11 (12.1%)

High-grade glioma 26 (14.4%) 16 (17.8%) 10 (11.0%)

Sarcoma 12 (6.6%) 4 (4.4%) 8 (8.8%)

(continued on next page)
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clinicians at the point of care35 or included protocols for
clinician follow-up for severe or worsening symptoms.36

Medication adherence interventions for patients
with cancer are limited, with most studies suffering from
small sample sizes and nonrandomized designs.18 In the
few existing randomized trials, investigators have examined

the use of text messaging and automated voice response
systems for adherence and symptom management.37–40

Some of these studies were pilot trials showing feasibil-
ity and preliminary efficacy for patient adherence.37–39

However, the largest multisite study to date (which
used automated calls to remind patients to take their

Table 1. Baseline Sociodemographic and Clinical Characteristics (cont.)

Characteristic
Total Sample

n (%)
Standard Care Cohort

n (%)
Mobile App Cohort

n (%)

Cancer type (cont.)

Gastrointestinal 8 (4.4%) 2 (2.2%) 6 (6.6%)

Genitourinary 7 (3.9%) 3 (3.3%) 4 (4.4%)

Melanoma 7 (3.9%) 3 (3.3%) 4 (4.4%)

Non-GIST 2 (1.1%) 1 (1.1%) 1 (1.1%)

Type of oral therapy

Targeted therapy 121 (66.9%) 56 (62.2%) 65 (71.4%)

Chemotherapy 60 (33.1%) 34 (37.8%) 26 (28.6%)

Duration of oral therapy (range, 0–136 mo)

Mean (SD), mo 12.70 (20.87) 13.36 (22.12) 12.04 (19.67)

ECOG performance status

0 89 (49.2%) 49 (54.4%) 40 (44.0%)

1 87 (48.1%) 40 (44.4%) 47 (51.6%)

2 5 (2.8%) 1 (1.1%) 4 (4.4%)

Abbreviations: GED, general education degree; GIST, gastrointestinal stromal tumor sarcoma.

Table 2. Study Group Differences in Primary and Secondary Outcomes

Study Outcome Measure

Standard Care Cohort Mobile App Cohort
Meana Difference

(SE) 95% CI P ValueMeana (SE) n Meana (SE) n

Adherence rate per electronic pill caps 79.16 (2.78) 83 81.50 (2.93) 75 22.34 (4.06) –10.35; 5.68 .566

Self-reported poor adherence (MMAS-4), n (%) 20 (23.3%) 86 11 (13.8%) 80 OR, 0.56 0.23; 1.33 .186

Symptom severity (MDASI)b 0.05 (0.13) 71 0.01 (0.14) 67 0.04 (0.19) –0.35; 0.42 .859

Symptom interference (MDASI)b 20.09 (0.21) 71 20.14 (0.22) 66 0.05 (0.30) –0.55; 0.64 .874

QoL (FACT-G)b 21.86 (1.11) 85 0.42 (1.17) 77 22.28 (1.62) –5.48; 0.92 .161

Satisfaction with treatment (FACIT-TS-PS)b

Clinician explanationsb 20.20 (0.16) 85 20.12 (0.16) 78 20.09 (0.23) –0.54; 0.37 .705

Interpersonal treatmentb 20.19 (0.11) 84 20.04 (0.11) 78 20.16 (0.15) –0.46; 0.14 .301

Comprehensive careb 20.62 (0.42) 85 20.22 (0.45) 77 20.40 (0.62) –1.63; 0.82 .517

Nursing communicationb 20.17 (0.18) 82 20.55 (0.18) 77 0.39 (0.26) –0.13; 0.90 .138

Trust and confidence in cliniciansb 20.23 (0.11) 86 20.25 (0.12) 77 0.02 (0.16) –0.30; 0.35 .898

ED visits (RUQ) 0.14 (0.04) 84 0.16 (0.04) 78 20.03 (0.06) –0.15; 0.10 .682

Hospitalizations (RUQ) 0.15 (0.07) 84 0.20 (0.07) 76 20.05 (0.10) –0.24; 0.15 .640

Abbreviations: ED, emergency department; FACT-G, Functional Assessment of Cancer Therapy–General (a5.70); FACIT-TS-PS, Functional Assessment of Chronic Illness
Therapy–Treatment Satisfaction–Patient Satisfaction (a5.91); MDASI, MD Anderson Symptom Inventory (severity a5.93; interference a5.94); MMAS-4, 4-item Morisky
Medication Adherence Scale; MSPSS, Multidimensional Scale of Perceived Social Support; OR, odds ratio; QoL, quality of life; RUQ, resource utilization questionnaire.
aMeans are derived from general linear models controlling for change in perceived social support (MSPSS); all analyses also control for baseline values of the outcome
of interest except for adherence per electronic pill caps and RUQ.
bChange from baseline to postassessment.
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medications, assess symptoms, and refer to a symptom
management toolkit) showed no difference in adherence
to oral oncolytic agents between study groups.40 Attrib-
uting the null findings to high rates of adherence in that
sample, those investigators suggested that future research
ought to identify subgroups of patients who may benefit
from interventions to sustain adherence. The results of
our study led to a similar conclusion. Although we extend
the literature by showing that certain patients (ie, those
who report adherence difficulties or elevated anxiety)
appear to have higher medication adherence when using
the mobile technology and that greater app engagement
was associated with better outcomes, further study is
needed to confirm these findings.

This study has several limitations worth noting. Al-
though we used the current gold standard for measuring
adherence (ie, electronic pill caps), such monitoring in
the control group may have raised awareness and im-
proved adherence. Moreover, measuring adherence for
patients with interval dosing schedules (eg, 2 weeks on,
1 week off) was challenging in defining periods when
patients were supposed to take the medications.41 Study
staff had to compare the pill cap data against EHR
documentation of planned medication breaks to ensure
that patients were not penalized for missing doses on
those days. We did not track clinician responses to the
weekly adherence and symptom reports, and therefore
could not assess clinician engagement with the in-
tervention. Finally, the study was conducted at an aca-
demic institution with a fairly homogeneous patient
population demographically, limiting the generalizability
of findings to other populations and care settings.

Conclusions
Treatment adherence is of public health significance and
remains a challenge for the healthcare system, which
strives to optimize patient outcomes. Future research

should focus on testing mobile health interventions in
patients at risk for poor adherence and on standardizing
alerts and protocols for clinicians to address problems
with adherence and symptoms in real time and at
the point of care. Such standardization for remote
monitoring and clinician response to patient reports
would ideally enhance engagement with mobile
health interventions and sustain adherence over the
long term. Proactive, systematic monitoring through
mobile apps would not only reinforce the importance
of adherence for patients but also promote effective,
bidirectional communication between patients and
clinicians about the administration of oral cancer
therapy.
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Table 3. Interaction Effects of Group Assignment With Self-Reported Adherence and Anxiety Symptoms

Baseline Moderator Variable

Between-Group Differences in Adherence per Electronic Pill Caps

Standard Care Mobile App
Meana Difference

(SE) 95% CI P ValueMeana (SE) n Meana (SE) n

Adherence per MMAS-4

Adherence problems 63.94 (6.46) 20 86.23 (7.72) 14 222.30 (10.06) –42.82; –1.78 .034

No adherence problems 83.75 (2.93) 63 80.67 (2.97) 61 3.09 (4.20) –5.23; 11.40 .463

Anxiety symptoms per HADS-Anxiety subscale

Score .7 69.39 (5.19) 24 85.46 (5.57) 21 216.08 (7.76) –31.74; –0.41 .044

Score #7 82.93 (3.27) 59 80.19 (3.42) 54 2.74 (4.74) –6.66; 12.14 .564

Abbreviations: HADS, Hospital Anxiety and Depression Scale; MMAS-4, 4-item Morisky Medication Adherence Scale; MSPSS, Multidimensional Scale of Perceived
Social Support.
aMeans are derived from general linear models controlling for change in perceived social support (MSPSS).
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eTable 1. Study Group Differences in Primary and Secondary Outcomes Using Multiple Imputation

Study Outcome Measure

Standard Care Cohort
Meana (SE)
(npooled590)

Mobile App Cohort
Meana (SE)
(npooled591)

Meana Difference
(SE) 95% CI P Value

Adherence rate per electronic pill caps 78.40 (2.95) 78.78 (3.14) 20.38 (4.23) –8.68; 7.92 .929

Self-reported poor adherence (MMAS-4), n (%) 22.4 (24.9%) 17.3 (19.0%) OR, 0.70 0.29; 1.70 .431

Symptom severity (MDASI)b 0.08 (0.13) 0.04 (0.13) 0.04 (0.19) –0.32; 0.41 .817

Symptom interference (MDASI)b 20.06 (0.20) 20.12 (0.23) 0.06 (0.30) –0.53; 0.66 .835

QoL (FACT-G)b 21.92 (1.13) 20.24 (1.20) 21.68 (1.63) –4.88; 1.51 .302

Satisfaction with treatment (FACIT-TS-PS)b

Clinician explanationsb 20.21 (0.17) 20.07 (0.18) 20.14 (0.25) –0.63; 0.35 .572

Interpersonal treatmentb 20.19 (0.12) 0.02 (0.12) 20.21 (0.16) –0.52; 0.11 .196

Comprehensive careb 20.59 (0.45) 20.08 (0.51) 20.51 (0.68) –1.84; 0.82 .452

Nursing communicationb 20.16 (0.18) 20.54 (0.20) 0.38 (0.26) –0.12; 0.88 .137

Trust and confidence in cliniciansb 20.23 (0.12) 20.26 (0.12) 0.03 (0.18) –0.32; 0.37 .886

ED visits (RUQ) 0.13 (0.04) 0.17 (0.05) 20.04 (0.06) –0.16; 0.08 .491

Hospitalizations (RUQ) 0.16 (0.07) 0.21 (0.07) 20.05 (0.10) –0.24; 0.15 .634

Abbreviations: ED, emergency department; FACT-G, Functional Assessment of Cancer Therapy–General; FACIT-TS-PS, Functional Assessment of Chronic Illness
Therapy–Treatment Satisfaction–Patient Satisfaction; MDASI, MD Anderson Symptom Inventory; MMAS-4, 4-item Morisky Medication Adherence Scale; MSPSS,
Multidimensional Scale of Perceived Social Support; OR, odds ratio; QoL, quality of life; RUQ, resource utilization questionnaire.
aMeans are derived from pooled general linear models controlling for change in perceived social support (MSPSS); all analyses also control for baseline values of the
outcome of interest except for adherence per electronic pill caps and RUQ.
bChange from baseline to postassessment.

eTable 2. Interaction Effects of Group Assignment With Self-Reported Adherence and Anxiety Symptoms
Using Multiple Imputation

Baseline Moderator Variable

Between-Group Differences in Adherence per Electronic Pill Caps

Standard Care Mobile App
Meana Difference

(SE) 95% CI P ValueMeana (SE) npooled Meana (SE) npooled

Adherence per MMAS-4

Adherence problems 63.79 (6.40) 22 84.47 (8.07) 18.2 220.63 (10.04) –40.41; –0.94 .040

No adherence problems 82.87 (3.21) 68 77.58 (3.19) 72.8 5.28 (4.55) –3.65; 14.21 .246

Anxiety symptoms per HADS-Anxiety subscale

Score .7 67.78 (5.51) 25 82.25 (5.62) 23.1 214.47 (8.11) –30.36; 1.43 .074

Score #7 82.22 (3.46) 65 77.85 (3.76) 67.9 4.37 (5.01) –5.45; 14.20 .383

Abbreviations: HADS, Hospital Anxiety and Depression Scale; MMAS-4, 4-item Morisky Medication Adherence Scale; MSPSS, Multidimensional Scale of Perceived
Social Support.
aMeans are derived from pooled general linear models controlling for change in perceived social support (MSPSS).
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