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Increasing Adherence to Adjuvant
Hormone Therapy Among Patients With
Breast Cancer: A Smart Phone App-Based
Pilot Study
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Abstract

Purpose: This study tested the feasibility and efficacy of using a text-based intervention to increase initiation, decrease
discontinuation, and improve adherence as prescribed to adjuvant hormone therapy (AHT) among hyphenate post-menopausal
breast cancer survivors.

Methods: The 3-month intervention consisted of daily text message reminders to take medication, coupled with a dynamic (eg,
feedback on progress) tailored intervention using weekly interactive surveys delivered by a smartphone app. Five clinic sites within
the Alliance for Clinical Trials in Oncology participated. Hormone levels were measured prior to AHT initiation and at study exit.

Results: Of the 39 patients recruited to the pilot study, 27 (69.2%) completed all study requirements (completed both the
baseline and the exit surveys, both blood draws, and did not miss more than 2 weekly surveys). Significant improvements were
observed pre- to postintervention for self-reported medication adherence (P ¼ .015), mental health functioning (P ¼ .007), and
perceived stress (P ¼ .04). Significant decreases in estradiol, estrogen, and estrone hormone levels were observed from baseline
to study exit (P < .001), indicating the accuracy of self-reported AHT adherence. Participants (91.9%) and physicians (100%)
agreed that participant participation in the intervention was beneficial.

Conclusions: The results of this pilot study established the general feasibility and efficacy of an app-based intervention to support
patient AHT adherence. Larger controlled, randomized trials are needed to examine the effectiveness of the app-based inter-
vention in improving AHT and quality of life among breast cancer survivors.
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Introduction

Breast cancer is the most common cancer diagnosed in women

and is the second leading cause of cancer deaths in women in

the United States.1 In the United States in 2018, there were over

266,120 new cases of female breast cancer diagnosed and

approximately 40,920 deaths from breast cancer.1 Considerable

progress has been made in the recent decades in the detection,

prevention, and treatment of cancer. One of the most important

additions to breast cancer treatment has been adjuvant hormone

therapy (AHT), including tamoxifen and aromatase inhibitors.2

The continued use of AHT is critical to the transition from

active treatment to survivorship care, because it has been

shown to reduce disease recurrence and mortality among

patients having breast cancer with hormone receptor-positive

disease.3,4

Despite proven clinical efficacy of AHT, evidence from

previous studies suggests up to 50%5-8 of patients do not com-

plete treatment as recommended. Murphy et al reported pre-

valence of adherence ranged from 41% to 72% and

discontinuation ranged from 31% to 73% across the included

studies.9 Discontinuation rates vary by type of AHT, with rates

being higher for tamoxifen than those for aromatase inhibi-

tors.10 Previous studies have found a variety of factors includ-

ing extremes of age, being non-white, married, receipt of a

lumpectomy versus mastectomy, presence of comorbidities,

higher out-of-pocket costs, history of switching AHT type, and

negative beliefs about efficacy of treatment as being associated

with nonadherence to AHT.2,9,11-13 It is important to not only

identify factors associated with nonadherence but also explore

new methods to increase and maintain adherence to AHT.

One strategy to improve AHT nonadherence is the use of

technology-based interventions. In recent years, increasing

mobile phone ownership has made mobile phones a promising

tool to improve the implementation and delivery of evidence-

based health-care interventions.14,15 In a meta-analysis by

Thakkar and colleagues,15 mobile phone text messaging was

found to approximately double the odds of medication adher-

ence among patients with chronic disease. Mobile phones with

Internet capability (eg, smartphones) can also access software

applications that offer patients a range of medication informa-

tion through customized videos, assessments, data logs, remin-

ders, monitoring, and interactivity with their health-care

provider(s).14,16 Wilcox et al recently reported that their inter-

active tool for medication tracking was important in not only

fostering patient participation in their own care but also

improved patient–provider communication.

In the cancer context, there is a recent proliferation of efforts

in the literature to develop smartphone app-based medication

adherence interventions.17,18 Ali and colleagues18 found that

among respondents with smartphones, 66% were interested in

an app for AHT adherence, and all valued the inclusion of

education and behavioral interventions in an AHT adherence

app. Mougalian et al19 reported a positive reaction to their text-

message application that simultaneously tracked AHT adher-

ence, recorded symptoms, and alerted the clinical team for

patient follow-up. However, more research is needed to exam-

ine daily adherence to AHT and potential changes in adherence

over time in relation to symptoms, health-related quality of life,

social support, and other factors known to influence AHT

adherence.2,9,11-13 Thus, this study sought to test the feasibility

and effectiveness of using a text-based intervention to increase

initiation, decrease discontinuation, and improve adherence as

prescribed to AHT among postmenopausal women with breast

cancer.

Methods

Recruitment

This pilot study involved 5 sites within the Alliance for Clinical

Trials in Oncology (ALLIANCE) including the Ohio State Uni-

versity Comprehensive Cancer Center (OSUCCC), the Univer-

sity of Vermont Medical Center, the Wake Forest University

Comprehensive Cancer Center, the Southeast Medical Oncology

Center in North Carolina, and Novant Health Oncology Special-

ists, North Carolina. Patients were eligible if they were (1)

female adults aged 18 or older; (2) post-menopausal; (3) diag-

nosed with primary breast cancer (stages 0-III); (4) eligible to

receive AHT (tamoxifen or an aromatase inhibitor) for the first

time; (5) completed all primary treatment; (6) smartphone own-

ers; (7) agreeable to receiving text messages on their smartphone

over a 3-month period; and (8) willing to provide consent and

permission to review their medical records.

At all sites, recruitment occurred after the end of initial treat-

ment and during the clinic visit prior to the initiation of AHT.

Recruitment began in October 2014, and follow-up with patients

ended in June 2016. Potential participants were screened by

designated staff members at each study site via an eligibility

form. Oncologists or a research staff member (based on provider

preference) provided a brief study introduction and inquired

about the patients’ interest in participating. If a patient expressed

interest, the study was explained, and the patient was given an

opportunity to ask questions. Once the patient’s questions were

answered and they met all eligibility criteria, a written informed

consent was obtained. Finally, the study coordinator at the coor-

dinating center registered all patients into one database. The

study protocol was approved by all study sites’ institutional

review board. The authors confirm that all ongoing and related

trials for this intervention are registered.
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After signing the informed consent, participants completed

a blood draw and viewed a DVD video in the clinic setting

about the importance of adhering to the medication and com-

municating with their health-care team about symptoms, chal-

lenges associated with, and barriers to adherence. The video

also taught participants how to use PACE (Presenting detailed

information, Asking questions, Checking your understanding,

and Expressing concerns) communication skills with their

health-care provider. PACE focuses on training patients to

effectively communicate with health-care providers and has

been successfully tested in previous studies.20,21 In addition,

participants received training on the text messaging system and

smartphone app. Finally, the participants were asked to com-

plete a blood draw to document changes in estradiol, estrogen,

and estrone hormone levels while taking the AHT medication.

All of these activities occurred prior to AHT initiation. The

schema of the study recruitment is presented in Figure 1.

Questionnaires

After the clinic visit, participants were contacted to schedule a

date and time for a baseline phone interview conducted by a

trained interviewer at the OSUCCC. The baseline interview

was conducted as closely as possible to the initiation of AHT

and was completed over the phone due to time constraints. The

length of time to administer the questionnaire ranged from

40 minutes to 1 hour. The measures assessed in the interview

were as follows:

Physical symptoms. Physical symptoms and side effects associ-

ated with the treatment and prevention of breast cancer were

assessed by the Breast Cancer Prevention Trial Symptom

Checklist.22 The measure lists 25 physical and psychological

symptoms (e.g., hot flashes, nausea, and short temper) that are

commonly reported among women in cancer treatment or pre-

vention trials. Both a total score and subscale scores can be

calculated from this measure.

Concern about recurrence. Fear of cancer recurrence was mea-

sured by the Concerns of Recurrence Scale.23 Four items

assess overall fear (frequency, potential for upset, consis-

tency, and intensity of fears). Individual items are scored from

0 (not at all) to 4 (extremely) and summed to calculate a total

score. Higher scores indicate greater concerns about cancer

recurrence.

Assessed for eligibility
(N=106)

Excluded (n=67)
•  No smartphone (n=36)

•  Declined to participate (n=25)
•  Did not meet inclusion criteria (n=6)

Enrolled
(n = 39)

Completed all intervention components
(n = 27)

Non-Completers (n=12)
•  Did not complete all intervention components (n=6)

•  Loss to follow-up (n=5)
•  Withdrew (n=1)

Analyzed
(n = 27)

Figure 1. CONSORT diagram.
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Self-efficacy. The 12-item Communication and Attitudinal Self-

Efficacy (CASE)–Cancer scale was used in this study. It

assesses 3 domains: (1) understanding and participating in care;

(2) maintaining a positive attitude; and (3) seeking and obtain-

ing information.24 Item scores for CASE–Cancer are on a

4-point scale and then are summed to provide domain scores.

Higher scores denote higher self-efficacy

Depression. Depressive symptoms were measured by the Center

for Epidemiologic Studies–Depression Scale.25 Responses are

on a Likert-type scale ranging from 0 (none or rarely) to 3

(most or all the time) and include 20 common affective and

somatic symptoms of depression experienced in the past week.

Item scores are summed together to produce a scale score

(range: 0-63). Higher scores indicate higher depressive

symptomatology.

Pain interference. Pain interference was assessed using 7 items

from the Brief Pain Inventory (BPI)-Interference subscale.26

The BPI-Interference measures how much pain has interfered

with 7 daily activities, including general activity, walking,

work, mood, enjoyment of life, relations with others, and sleep.

Responses are on a Likert-type scale ranging from 0 (does not

interfere) to 10 (completely interferes), with higher scores

denoting more pain interference.

Fatigue interference. Fatigue interference was assessed with the

7-item Fatigue Symptom Inventory (FSI)-interference sub-

scale.27 The FSI-interference measures how much fatigue has

interfered with general activity, ability to bathe and dress one-

self, normal work activity, ability to concentrate, relations with

others, enjoyment of life, and mood. Responses are on an

11-point Likert-type 0 to 10 scale. Higher scores denote greater

fatigue interference.

Health-related quality of life. The Short Form-8 (version 2)28 was

used to assess health-related quality of life in the past month.

This 8-item measure produces 2 subscale scores: the physical

component summary (PCS-8) and the mental health component

summary (MCS-8). Both scores range from 0 to 100, with 100

being the more favorable score.

Perceived stress. The 14-item Perceived Stress Scale29 was used

to measure perception of stress and the degree to which situa-

tions in one’s life are appraised as stressful. Individual items

are on a Likert-type scale ranging from 0 ¼ never to 4 ¼ very

often, which are summed together for a total scale score.

Higher scores indicate more perceived stress.

Social desirability. The 5-item Social Desirability Response Set

(SDRS)30 assessed social desirability in responding to ques-

tionnaire items. The SDRS items are on a Likert-type scale

ranging from 1 ¼ definitely true to 5 ¼ definitely false, with

higher scores denoting higher social desirability tendencies.

Social support. The 20-item MOS-Social Support Question-

naire31 measured 4 types of social support: emotional/

informational support, tangible support, affectionate support,

and positive social interactions. The items are on a Likert-type

scale ranging from 1 ¼ none of the time to 5 ¼ all of the time,

with higher scores indicating higher social support. Subscale

scores of the 4 types of social support, as well as a total score

comprised of all items, are calculated.

Medication adherence. A single item from the Morisky Medica-

tion Adherence Scale32 assessed medication adherence on the

weekly app surveys: “Over the past 7 days, on how many days

did you take a dose of your AHT medication?”

Demographic characteristics. Participant demographic informa-

tion was collected, including age, race, ethnicity, marital status,

education level, employment status, income, and type of health

insurance.

Text-Based Intervention

Following completion of the first clinic visit and baseline inter-

view, participants received daily text messaging and weekly

app surveys for 90 days. Messaging focused on 3 behaviors:

initiation, continuation, and adherence to the prescribed dose,

as appropriate. Each day, at a time agreed upon at baseline by

the participants, a text message was sent to their smartphones

reminding them to take their AHT medication. A library of 14

distinct, positive messages (Supplementary Appendix 1) were

created to ensure participants received a new message every

day for 14 days, at which point the messages would recycle.

In addition to the daily text messaging, participants received

a preprogrammed text message, once a week, saying, “Your

weekly adherence survey is waiting for you. Please log into the

Adherence app to complete it.” The survey was active for 24

hours. The survey asked, “Over the past 7 days, on how many

days did you take a dose of your AHT medication?” Response

options ranged from 0 to 7. The dynamic tailoring of the app

provided specific feedback to participants. A response of 6 and

above triggered a message (Supplementary Appendix 2) that

encouraged patients to keep taking the medication. A response

of 5 or lower triggered a message asking about reasons for

the missed doses followed by problem-solving based tips to

improve adherence. The treating physician was notified via

e-mail of patients who missed more than 1 dose as well as the

reason(s) the patient provided. If a patient reported symptoms

as the reason for lowered AHT adherence, the system pro-

vided an option for patients to leave an audio message within

the app with the option to share that message with their phy-

sician via e-mail.

Approximately 3 months after the start of AHT, participants

were asked to return to their provider for a second blood draw.

Trained interviewers at OSUCCC then contacted participants

to complete the follow-up interview survey over the phone. The

second survey included the measures assessed at baseline as

well as medication adherence and reflections on the study inter-

vention (e.g., likes and dislikes). Participants were mailed a

letter with a $25 gift card after completing each survey
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(baseline and exit) as a thank-you for their time. Participating

physicians were also contacted via phone to complete an end-

of-study survey about the intervention and the study participa-

tion of their patients.

Clinical Characteristics

Clinic staff at the participating centers completed a survey of

the patients’ cancer and treatments. Data elements recorded

were stage at diagnosis, size of breast tumor, number of nodes

evaluated, number of positive nodes, estrogen and progesterone

receptor status, primary treatment (lumpectomy, mastectomy,

radiation therapy, adjuvant chemotherapy, neoadjuvant che-

motherapy, trastuzumab), and type of AHT (tamoxifen).

Analyses

Data were summarized using means (Ms) and standard devia-

tions (SDs) or frequencies. Scores assessed at baseline and exit

were compared using paired t tests. Wilcoxon’s signed rank

tests were used to compare the changes in estradiol, estrogen,

and estrone from baseline to study exit. All analyses were

conducted in SAS version 9.4 (SAS Institute, Cary, North

Carolina).

Results

Sample Characteristics

The majority of participants were recruited from the Ohio State

University’s Comprehensive Cancer Center (66.7%), followed

by the Wake Forest University Comprehensive Cancer Center

(15.4%), the University of Vermont Medical Center (10.3%),

Novant Health (5.1%), and the Southeast Medical Oncology

Center in North Carolina (2.6%). Figure 1 presents a CON-

SORT diagram of participants (n ¼ 39). Twelve consented

participants did not complete all elements in the intervention.

Reasons for noncompletion, as reported by the patients,

included being busy, not feeling well, or forgetfulness.

The demographic and clinical characteristics of participants

by protocol completion (defined as having completed both the

baseline and the exit surveys, both blood draws, and not miss-

ing more than 2 weekly surveys) are presented in Table 1. The

mean age of the total sample was 59.7 (SD ¼ 7.0), and the

majority were non-Hispanic white and married. The majority

of the sample had positive estrogen (100%) and progesterone

(84.2%) status and received a lumpectomy (71.1%) and radia-

tion (73.7%) as primary treatment. The demographic charac-

teristics of the participants who did and did not complete the

protocol were similar, except that the completers were older,

had a higher level of education, and were more likely to be

retired than the non-completers. In addition, the completers

were more likely to have had a lumpectomy versus a mastect-

omy and radiation therapy than the non-completers. Finally,

participants who completed the protocol were on the AHT

tamoxifen at significantly higher rates (85.7%) than those par-

ticipants who did not complete the protocol (14.3%; P ¼ .04).

Hormone Status

Table 2 shows the quartiles and the minimum/maximum for the

3 hormones: estradiol, estrogen, and estrone at baseline and

exit. Declines in the quartiles were observed, with all 3 hor-

mone values at exit being lower than baseline (P’s < .0001),

suggesting that participants were accurate about their self-

reported AHT adherence.

Psychosocial and Quality-of-Life Concerns, Symptoms,
and Medication Adherence

Participants’ unadjusted psychosocial, symptom, and medica-

tion adherence scores at baseline and study exit are reported in

Table 3. Of these variables, the participants’ perceived stress

scores significantly decreased from baseline (M ¼ 17.17) to

study exit (M ¼ 15.64; P ¼ .040). The MCS-8 subscale score

also increased significantly from pre- (M ¼ 49.95) to post-

intervention (52.98; P ¼ .007), indicating better mental health

functioning. In addition, participants’ self-reported adherence

to AHT, as measured by a single item on the Morisky Medica-

tion Adherence Scale, also improved significantly from base-

line (M ¼ 1.92) to study end (M ¼ 1.17; P ¼ .015). No other

variables had significant changes from pre- to post-

intervention.

Patient Postintervention Evaluation

Thirty-seven patients responded to the postintervention evalua-

tion, and 97.3% reported a positive experience. More than 91%
of patients believed that they benefited from study participa-

tion, and 81% agreed or strongly agreed that the daily reminder

messages helped them to be more adherent to their AHT med-

ication. Ninety-five percent of patients agreed or strongly

agreed that the intervention would be helpful for future patients

taking AHT medication. The most favorably rated intervention

component was that the instructions for the text messaging

system were helpful (97.3% agreed or strongly agreed).

Physician Post-intervention Evaluation

All participating physicians (n ¼ 7) completed the post-inter-

vention evaluation. All physicians reported that they agreed or

strongly agreed that their patients were helped by participating

in the study. More than 85% agreed/strongly agreed that (1) the

video positively influenced their patient’s communication, (2)

their patients valued participation in the study, and (3) being

informed about their patient’s adherence helped them provide

better care. All physicians agreed/strongly agreed that they

would recommend that patients use the intervention while tak-

ing AHT medication.

Discussion

This study tested the feasibility of an app-based intervention

program to improve AHT adherence and decrease discontinua-

tion of AHT among postmenopausal breast cancer survivors.

Krok-Schoen et al 5



Table 1. Participant Demographic and Clinical Characteristics by Protocol Completion.a

Variable Not Complete, n ¼ 12 Complete, n ¼ 27 Total, n ¼ 39 P Value

Age, mean (SD) 56.5 (9.2) 61.1 (5.4) 59.7 (7.0) .06
Race

White 12 (16.7%) 24 (66.7%) 36 (92.3%) 1.00
Black 0 (0%) 2 (7.4%) 2 (5.1%)
Other 0 (0%) 1 (3.7%) 1 (2.6%)
Hispanic, Latino, or Spanish origin 0 (0%) 1 (3.7%) 1 (2.6%) 1.00

Marital status
Married 9 (75.0%) 17 (63.0%) 26 (66.7%) .49
Divorced 2 (16.7%) 9 (33.3%) 11 (28.2%)
Widowed 1 (8.3%) 1 (3.7%) 2 (5.1%)

Education level
High School or less 2 (16.7%) 1 (3.7%) 3 (7.7%) .33
Some college/associate degree 5 (41.7%) 11 (40.7%) 16 (41.0%)
Bachelor’s degree or higher 5 (41.7%) 15 (55.6%) 20 (51.3%)

Employment status
Full time 4 (33.3%) 10 (37%) 14 (35.9%) .15
Part time 0 (0.0%) 3 (11.1%) 3 (7.7%)
Housework/child care 2 (16.7%) 0 (0.0%) 2 (5.1%)
Not working due to health 3 (25.0%) 3 (11.1%) 6 (15.4%)
Retired 3 (25.0%) 11 (40.7%) 14 (35.9%)

Income
<$40 000 1 (8.3%) 4 (14.8%) 5 (12.8%) .33
$40 000-$70 000 2 (16.7%) 9 (33.3%) 11 (28.2%)
>$70 000 9 (75.0%) 11 (40.7%) 20 (51.3%)

Type of health insurance
Private 6 (50.0%) 17 (63.0%) 23 (59.0%) .06
Medicare 3 (25.0%) 9 (33.3%) 12 (30.8%)
Medi-gap 0 (0.0%) 1 (3.7%) 1 (2.6%)
Military 3 (25.0%) 0 (0.0%) 3 (7.7%)

Stage at diagnosis
Stage I 7 (63.6%) 14 (51.9%) 21 (55.2%) .62
Stage II 2 (18.2%) 9 (33.3%) 11 (28.9%)
Stage III 2 (18.2%) 4 (14.8%) 6 (15.8%)

Size of breast tumor, cm, mean (SD) 1.6 (1.3) 1.9 (1.5) 1.8 (1.5) .51
Nodes evaluated, mean (SD) 6.4 (6.7) 6.3 (6.1) 6.3 (6.2) .96
Nodes positive

0 7 (63.6%) 20 (74.1%) 27 (71.1%) .62
1 1 (9.1%) 1 (3.7%) 2 (5.3%)
2 1 (9.1%) 3 (11.1%) 4 (10.5%)
4 1 (9.1%) 1 (3.7%) 2 (5.3%)
8 1 (9.1%) 0 (0.0%) 1 (2.6%)
11 0 (0.0%) 1 (3.7%) 1 (2.6%)
12 0 (0.0%) 1 (3.7%) 1 (2.6%)

Positive estrogen receptor status 11 (100.0%) 27 (100.0%) 38 (100.0%) 1.00
Positive progesterone receptor status 10 (90.9%) 22 (81.5%) 32 (84.2%) .65
Positive HER2/neu receptor status 2 (18.2%) 5 (18.5%) 7 (18.4%) 1.00
Included as primary treatment

Lumpectomy 6 (54.5%) 21 (77.8%) 27 (71.1%) .24
Mastectomy 7 (63.6%) 8 (29.6%) 15 (39.5%) .07
Radiation therapy 7 (63.6%) 21 (77.8%) 28 (73.7%) .43
Adjuvant chemotherapy 6 (54.5%) 6 (22.2%) 12 (31.6%) .07
Neoadjuvant chemotherapy 0 (0.0%) 3 (11.1%) 3 (7.9%) .54
Herceptin 2 (18.2%) 5 (18.5%) 7 (18.4%) 1.00

Type of adjuvant hormone therapy
Tamoxifen 1 (9.1%) 1 (3.7%) 2 (5.3%) .50
Arimidex 3 (27.3%) 18 (66.7%) 21 (55.3%) .04
Aromasin 1 (9.1%) 0 (0.0%) 1 (2.6%) 1.00
Femara 7 (63.6%) 8 (29.6%) 15 (39.5%) .07
Other 1 (9.1%) 0 (0.0%) 1 (2.6%) 1.00

Abbreviations: HER2, human epidermal growth factor receptor; SD, standard deviation.
aProtocol completion was defined as having completed both the baseline and the exit surveys, both blood draws and not missing more than 2 weekly surveys. The
clinical questionnaire was not completed for 1 participant.
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The study results indicated that not only did the app support

AHT adherence, but it also improved parameters of patient

well-being. Both subjective (self-report) and objective (blood

samples) measures of AHT adherence suggested that

participants were adherent to their AHT medication. This cur-

rent investigation corresponds with results from previous

studies.33-35 The few app-based interventions to improve AHT

adherence among breast cancer survivors demonstrate feasibil-

ity and patient acceptance but are limited by lack of verification

of medication adherence.18,19 A 2017 review by Ginossar

et al36 indicated the promise of technology-based interventions

among breast cancer survivors and the “extreme need” for apps

that focus on survivorship, including medication adherence.

This study and others18,37 that utilize app-based interventions

to measure and improve health outcomes among older breast

cancer survivors are addressing this need. The results of this

study and the growing body of literature in this area suggest the

acceptance and utility of app-based interventions in this

population.

Mental health functioning (MCS-8) improved and perceived

stress decreased significantly among the participants from

baseline to the end of the study. Mental health and psycholo-

gical status has been found to predict nonadherence to AHT in

women with breast cancer.13,38-40 For example, a study by

Hershman et al7 found that intrusive avoidant thoughts about

a distressing event and cancer-specific emotional distress

decreased the likelihood of adherence to AHT. Interventions

to modify these cognitive and psychological factors can

improve patient adherence and health outcomes.40

We found no significant changes in depressive symptoms,

fatigue, pain interference, and physical functioning (PCS-8)

during the conduct of this intervention. This study, however,

was not powered to examine these differences. Depressive

symptoms, fatigue, and pain interference were also relatively

low at baseline, suggesting that these symptoms may not have

been amenable to much change as a result of the intervention.

The primary purpose of this study was to test the feasibility of

recruitment and the general conduct of the intervention, which

was established. Future research will need to examine the mul-

tilevel factors influencing AHT adherence among breast cancer

survivors in randomized controlled trials, with sufficient study

power to examine these end points.

Physicians and patients agreed that the AHT adherence app

intervention was beneficial and should be used by future

patients. This finding is encouraging as it suggests acceptabil-

ity and utility of the AHT adherence app. Clinical practice has

begun adopting app-based and other electronic-based interven-

tions for their patients. Physicians “prescribing” mobile health

apps to their patients introduces a new area of health care and

creates new opportunities, including reinventing the way

health-care providers connect with their patients.41 The time

is ripe for the integration of mobile health apps in health care

Table 2. Quartiles of Participants’ Hormones at Baseline and Exit.a

Event Hormone N Min 25th Percentile 50th Percentile 75th Percentile Max

Baseline Estradiol by TMS 38 1.2 3.6 5.1 7.6 38.3
Estrogen total calculation 38 4.6 15.3 19.7 33.6 85.1
Estrone by TMS 38 2.0 11.0 15.2 23.7 63.4

Exit Estradiol by TMS 32 �1.0 1.1 1.5 2.0 4.9
Estrogen total calculation 30 �1.0 �1.0 �1.0 �1.0 6.8
Estrone by TMS 30 �1.0 �1.0 �1.0 �1.0 3.4

Abbreviations: TMS, tandem mass spectrometry; min, minimum; max, maximum.
aP-values from Wilcoxon signed rank test were significant for all 3 hormones at the P < .0001 level. �1 indicates below MDL.

Table 3. Participants’ Unadjusted Psychosocial, Symptom, and Medication Adherence Scores at Baseline and Study Exit.

Variable N Baseline, Mean (SD) Exit, Mean (SD) Mean Difference (95% CL) P Value

BCPT total score 37 0.71 (0.54) 0.75 (0.51) 0.04 (�0.06, 0.14) .412
Concerns about Recurrence score 37 10.86 (6.55) 9.73 (4.95) �1.14 (�2.31, 0.04) .057
CASE 3-item score 36 27.83 (3.20) 27.78 (4.36) �0.06 (�1.67, 1.56) .944
CES-D score 31 6.90 (9.05) 5.68 (7.96) �1.23 (�3.47, 1.01) .272
Brief Pain Inventory (BPI) score 11 2.84 (2.78) 3.63 (2.61) 0.79 (�0.44, 2.02) .182
Fatigue Symptom Inventory (FSI) score 36 1.82 (2.20) 1.57 (1.97) �0.25 (�0.76, 0.26) .322
SF-8 MCS mental subscale score 36 49.95 (7.81) 52.98 (6.51) 3.03 (0.87, 5.18) .007
SF-8 PCS physical subscale score 36 45.44 (10.27) 46.39 (10.58) 0.95 (�1.71, 3.61) .473
Perceived Stress Scale (PSS) score 36 17.14 (9.39) 15.64 (8.24) �1.50 (�2.93, �0.07) .040
Social Desirability Response score 37 21.62 (1.75) 21.41 (2.20) �0.22 (�0.99, 0.56) .577
MOS Social Support score 36 89.58 (10.23) 90.94 (9.35) 1.36 (�0.70, 3.42) .189
Morisky Adherence score 36 1.92 (1.70) 1.17 (1.32) �0.75 (�1.35, �0.15) .015

Abbreviations: BCPT, Breast Cancer Prevention Trial Symptom Checklist; CASE, Communication and Attitudinal Self-Efficacy; CES-D, Center for Epidemiological
Studies Depression; MCS, Mental Health Component Summary; PSS, Perceived Stress Score; MOS, Medical Outcomes Study; SD, standard deviation.

Krok-Schoen et al 7



for several reasons, including increased smartphone ownership,

a growing culture of instantaneous access to information, the

ease and low cost of app development, increased patient

empowerment, the want for personalized health information,

and the growth of big data and analytics.42,43 However, there

are numerous barriers and challenges that need to be

addressed in future interventions, including the need for tech-

nology support, patterns of adoption and use for all parties,

perceptions of impersonal interactions, security and privacy,

and the impact of monitoring on the clinical workflow of

health-care providers.41-43

There are several limitations to this study. First, this pilot

study lacked a control group. Thus, it is difficult to determine

the effect of the intervention on AHT adherence in contem-

poraneous controls not using the app. Second, the small sample

size limits the statistical analyses and power of the study’s

findings. In addition, the eligibility criteria mandated that

patients have a smartphone in order to participate in this study.

We excluded 36 potential participants who did not have smart-

phones, some of whom were interested in participating in the

study. This created a disparity in a patient population that could

benefit from intervention participation. Future interventions

should find ways to provide such technology to all participants,

particularly as this technology is being used increasingly in

health care interventions. Finally, a major challenge in recruit-

ment was that we needed to identify patients prior to their

initiation of AHT in this multicenter study. This was necessary

in order to complete the blood draw. Many patients were

referred to us after they started their AHT, which was proble-

matic. Completing the pilot study, however, has now enabled

us to refine our recruitment procedures in order to locate

patients prior to the start of AHT therapy as well as to make

arrangements for smartphone distributions to participants at no

cost to them for similar interventions.

Strengths of the study were that we were able to recruit

participants from multiple clinical sites, use the app success-

fully, and efficiently track all participants. The app worked

effectively in delivering the daily text message reminders to

the participants as well as the weekly surveys as prescribed

by the protocol. Both patients and their providers found benefit

in the intervention in increasing and/or maintaining adherence

to AHT. These are important findings, given the critical need

for AHT adherence in this survivor population.

Conclusion

This pilot study of breast cancer survivors found significant

improvements in AHT adherence, mental health functioning,

and perceived stress with an app-based intervention. Feedback

about the intervention and its usability were positive from both

patients and health-care providers. The advantages of this app-

based intervention are its relative simplicity, low cost, high

levels of acceptance, and ability to reach a multisite patient

population. A larger longer term, randomized controlled inter-

vention is planned to establish the effectiveness of the app-

based intervention in improving AHT adherence in this patient

population.
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