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Abstract
Purpose Patients with breast cancer (BC) face complex medical information and decisions. The Outcomes4Me mobile app 
provides evidence-based BC education, symptom management tracking and clinical trial matching. This study sought to 
evaluate the feasibility of introducing this app into routine BC care.
Methods In this pilot study among BC patients undergoing therapy at an academic cancer center, patients were followed for 
12 weeks with survey administration and electronic health record (EHR) abstraction at baseline and completion. Feasibility 
was defined as 40% of patients engaging with the app 3 or more times during the study. Additional endpoints included app 
usability (system usability scale), patient care experience, symptom evaluation, and clinical trial matching.
Results The study enrolled 107 patients from 6/01/2020 to 3/31/2021. Utilization of the app was deemed feasible with 60% 
of patients engaging with the app at least 3 times. SUS score of 70 indicated above average usability. New diagnosis and 
higher education level was associated with greater app engagement, with usability similar across all age groups. 41% of 
patients found the app helped track symptoms. Cognitive and sexual symptoms were infrequently reported, but were more 
frequently captured in the app than in the EHR. After using the app, 33% of patients reported increased interest in clinical 
trial enrollment.
Conclusion Introducing the Outcomes4Me patient navigation app into routine BC care is feasible and may improve the 
patient experience. These results support further evaluation of this mobile technology platform to improve BC education, 
symptom management, and decision making.
Clinical trial registry Clinicaltrials.gov registration #: NCT04262518
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Introduction

In all phases of cancer care, from new diagnosis, to sur-
vivorship, to living with metastatic disease, patients with 
breast cancer face unique health challenges, a large volume 
of information, and complex health care decisions. Multi-
ple studies demonstrate the need and desire for improved 
understanding of diagnosis, prognosis, and treatment 
options among patients with breast cancer [1–5]. Studies 

also suggest that patients who are more engaged in their 
care and who use a digital device for symptom self-report-
ing experience better outcomes. [6–10] The landmark study 
by Basch and colleagues demonstrated that patient use of 
electronic tablets to self-report symptoms which are then 
provided to the care team resulted in improved quality of 
life and overall survival [9, 10]. While the value of patient 
education, engagement, and shared decision-making to 
promote self-efficacy and individualized cancer care is well 
recognized, there is no tool or technology that is routinely 
used to achieve these ends [11, 12]. In this context, there is 
an unmet need and an opportunity to develop a tool to help 
educate patients about their disease, symptoms, and care 
options, and help them navigate the complex web of medi-
cal decisions to get individualized care that matches their 
specific case and preferences.
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In this increasingly digital age, the incorporation of tech-
nology in healthcare has increased the potential for infor-
mation dissemination. While there are many technological 
resources available to patients with breast cancer, there 
are few comprehensive, patient-centered tools available to 
educate patients about their disease, symptoms, and care 
options, while providing personalized support and care man-
agement. The Outcomes4Me app was designed in collabo-
ration with breast cancer patient advocates and clinicians 
to provide a convenient and accessible resource that could 
help patients understand their diagnosis, navigate treatment 
options, and track and manage symptoms.

In this single-arm pilot study, we sought to assess the 
feasibility of incorporating the Outcomes4Me smart phone 
navigation application into the standard of care experience 
of breast cancer patients across the cancer care continuum. 
We also sought to evaluate the patient experience with the 
app, identify preferences for education, symptom tracking 
and other features, and explore the impact of the app on 
perceptions of care management, patient-provider interac-
tions, and understanding of disease and treatment options.

Methods

Study design and patient population

The Feasibility of Introducing the Outcomes4Me Smart-
phone Navigation App (FIONA) trial is single-arm prospec-
tive study evaluating the feasibility of introducing a breast 
cancer education and navigation app into routine breast 
cancer care. The study was conducted among patients pre-
senting for breast cancer care at the Massachusetts General 
Hospital Cancer Center or community-based satellite clinics. 
Eligible patients included English-speaking adults with inva-
sive breast cancer stage I-IV presenting for a new diagnosis 
or follow-up visit who had access to an Apple or Android 
smartphone. Eligibility required that the patient was plan-
ning to receiving some form of active treatment for breast 
cancer (including surgery, radiation therapy, chemotherapy, 
endocrine therapy, or targeted therapy) within 4 weeks of 
study entry and was expected to continue follow-up within 
the cancer center. Eligible patients were identified by screen-
ing clinic lists and patients were recruited in-person or by 
telephone with electronic informed consent.

After signing consent, participants were asked to down-
load the Outcomes4Me app onto their smartphone with 
assistance from the research coordinator. Study usernames 
and emails were provided to each participant to create an 
anonymous app account. Participants were surveyed at base-
line and at completion of the study at 12 weeks. In addition, 
participants received weekly app notifications to report any 

symptoms. The study was approved by the Dana-Farber/Har-
vard Cancer Center Institutional Review Board.

Navigation app development and description of app 
features

The app was developed by Outcomes4Me, a for-profit digital 
health company based in Boston, Massachusetts. The app 
involves patient engagement in multiple domains includ-
ing breast cancer education, treatment guidelines, potential 
side effects and management, symptom tracking, medication 
tracking, clinical trial matching, and note taking. The app 
also provides a newsfeed about breast research in the media.

Treatment and side effect information, symptom tracking 
and clinical trial matching provide evidence-based, personal-
ized information for patients. Information about medication 
side effects and treatment options are adapted from Wolters 
Kluwer Health and NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®) for Breast Cancer under an 
approved use agreement. Information about breast cancer 
and treatment is tailored to disease characteristics entered 
by patients, such as hormone receptor status, HER2 status, 
and stage.

The app symptom tracking feature enables patients to 
enter symptom type, severity, and frequency using PRO-
CTCAE criteria. Clinical trial matching is based on patient 
entered disease characteristics using an automated algorithm 
that presents a list of trials generated from clinicaltrials.gov.

Survey development and domains

A baseline and follow-up survey were developed to evalu-
ate the following domains: demographics, breast cancer his-
tory, emotional distress, health care information practices 
and preferences, and understanding of disease and treatment 
plan. The surveys were developed by a multidisciplinary 
group of investigators with expertise in breast oncology, 
survey design, biostatistics, and health technology. Distress 
and emotional concerns were evaluated with the National 
Comprehensive Cancer Network Distress Thermometer and 
study specific questions about anxiety and satisfaction with 
care [13]. The patient’s relationship with their oncologist 
was evaluated using the Patient-Doctor Relationship Ques-
tionnaire (PDRQ9) [14]. A similar follow-up survey was 
administered after 12 weeks, with additional questions to 
evaluate patient experience with the app including the Sys-
tem Usability Scale (SUS), a validated usability measure 
ranging from 0 to 100 with higher scores indicating greater 
usability, and the Net Promotor Score (NPS), a measure of 
overall satisfaction calculated by subtracting the percentage 
of “detractor” participants who are unlikely to recommend 
the app to a friend (0–6 on 10-point scale) from the percent-
age who are “promoters” and highly likely to recommend 
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the app (9–10) [15–17]. In addition, study specific questions 
evaluated the participants’ experience with the app and sug-
gestions for improvement.

Statistical analysis

The primary endpoint was feasibility of using the applica-
tion in a clinical setting, with feasibility demonstrated if at 
least 40% of all enrolled participants engaged with the app at 
least three times during the 12-week study period. Engage-
ment was defined as login and interaction with at least one 
app feature. Login to complete the baseline and follow-up 
survey was not included. Secondary endpoints included the 
average SUS and the NPS. The average SUS score in the 
literature is 68, and the study set 70 or above as a measure 
of usability [18]. The study was initially designed to recruit 
125 patients including 20 newly diagnosed, 20 on adjuvant 
therapy, and 50 with metastatic disease. However, delays 
in study initiation due to COVID-19 resulted in a modified 
recruitment of 110 patients.

Descriptive statistics for survey responses including fre-
quencies, proportions, medians, and means were computed. 
Exploratory analyses evaluated the association between par-
ticipants’ sociodemographic and clinical characteristics and 
their level of engagement (≥ 5 versus < 5 interactions during 
study period) and overall satisfaction (≥ 7 versus < 7, cor-
responding to NPS “promoter” or “passive” versus “detrac-
tor”) with the app using Fisher’s exact test. Additional 
exploratory analyses assessed the association between par-
ticipant characteristics and SUS using the Kruskal–Wallis 
test. A two-sided significance level of 0.05 was used, without 
adjustment for multiple comparison due to the exploratory 
nature of the analyses.

Results

Patient sample, demographics, and baseline 
preferences for information

Between June 1st, 2020 and December 31st, 2020, 110 
patients were recruited and registered to the study. Three 
patients withdrew consent prior to downloading the app 
and completing the baseline survey, resulting in 107 evalu-
able at baseline, and 82 patients (75%) completed the final 
survey. Details of patient disposition including screening 
and recruitment are presented in Fig. 1.

Demographics and clinical characteristics of enrolled 
participants is shown in Table 1. All 107 were women, 
with average age 53 (range 27 to 77). Twenty percent were 
newly diagnosed and 45% were receiving adjuvant treat-
ment, of whom 52% and 19% were receiving chemother-
apy, respectively, and 36% had metastatic breast cancer.

Baseline patient preferences on information sources

At baseline, patients were asked which sources of informa-
tion they relied upon for information about their cancer. 
Most patients reported relying on their doctors (99%), 
other people on their cancer care team (82%), cancer 
organizations (64%), and family and friends (55%). Forty 
two percent of patients used a general internet search for 
information, and 25% relied on patient support groups. 
At baseline, 93% of patients reported that they did not 
use any healthcare related apps (Table 1) and only 2% of 
participants listed health as one of the top uses for their 
mobile device.

Fig. 1  Screening and Enroll-
ment to the FIONA Study

Approached
372

Enrolled
107

Completed Final Survey
82 

Not Consented/Enrolled          262
Unable to contact                       122 
Not interested in App                66 
Other                                          37 
Not interested in research          14 
Too Anxious/overwhelmed       17 
No Smartphone                          4 
Concerned about app/survey     2 
Withdrew consent                      3 

Eligible
561

Screened
752

Not approached                          189
No MD permission to approach   99 
Cohort full                                    90 

Ineligible                                   191
Breast cancer stage 0                 21 
Not on active treatment             117 
Language barrier                       34 
Cognitive impairment               7 
Hospitalized                              6 
Deceased                                   2 
Not treated at MGH                  4 



504 Breast Cancer Research and Treatment (2023) 199:501–509

1 3

Feasibility and usability

Integration of the Outcomes4Me app into the routine care of 
patients with breast cancer in active treatment was deemed 
feasible with 60% of participants engaging with the app at 

least 3 times during the study period, exceeding the pre-
specified target of 40%. There was wide variation in the level 
of engagement with the app during the study period among 
all participants, as shown in Fig. 2. Across all participants 
and for the subset with metastatic disease, median engage-
ment was 3. Among all newly diagnosed patients the median 
engagement was 6, and for patients receiving chemotherapy 
for early-stage disease it was 4. Patients who engaged with 
the app 3 or more times were more likely to have at least a 
college degree (94% v. 74%, p = 0.02) and more likely to be 
newly diagnosed (34% v. 13%, p = 0.03) than those with less 
frequent engagement.

The mean usability score, as demonstrated by the SUS 
was 70 (median 76), exceeding the threshold for “above 
average” usability of 68 [18]. Among patients receiving 
chemotherapy for early-stage disease, it was 74, for newly 
diagnosed patients it was 74, and for patients with metastatic 
disease it was 66. Among patients between 18 and 39 years 
old, the usability score was 75, for patients 40–69 it was 70 
and for patients older than 70 it was 74.

The overall NPS was − 37, suggesting 37 more detrac-
tors (respondents with a score of 0–6 on 10-point scale of 
willingness to recommend the app to other patients) then 
promotors (respondents with a score of 9 or 10) out of 100 
app user. While the ratio of promotors to detractors of the 
app increased among more frequent users, the NPS was still 
negative, at—28 among those who engaged with the app 5 
times or more, compared to − 41 among those who were less 
engaged. Among patients receiving adjuvant chemotherapy 
the NPS was balanced, with a score of 0 (promotors equal 
detractors). Tendency to promote the app, based on NPS, 
seemed to vary with stage with an NPS score of—47 among 
patients with stage I disease (n = 32) 0 among patients with 
stage II (n = 18), and 14 among patients with stage III (n = 7). 
However, among patients with metastatic disease it was -57.

Table 1  Clinical and demographic characteristics of study partici-
pants

N (%)

Age 18–39 9 (8)
40–69 88 (82)
70 + 10 (9)

Race White 96 (90)
Black or African American 5 (5)
Asian or Asian Indian 3 (3)
Other or prefer not to answer 3 (3)

Education High school through junior college 21 (20)
College degree (B.A/B.S) 40 (37)
Post college education 46 (43)

Breast cancer subtype Hormone positive/HER2- 72 (67)
HER2 + 20 (19)
Triple Negative 15 (14)

Treatment setting and 
treatment type

Newly diagnosed
  Chemotherapy
  Endocrine therapy
Adjuvant therapy
  Chemotherapy
  Endocrine
Metastatic therapy
  Chemotherapy
  Endocrine
Radiation
Surgery

21 (20)
11 (52)
6 (29)
48 (45)
9 (19)
39 (81)
39 (36)
12 (31)
26 (67)
11 (10)
10 (9)

Smartphone health app Use 99 (93)
Don’t Use 8 (7)

Fig. 2  Patient Engagement 
with Outcomes4Me App. 
The distribution of individual 
patient engagement for all 107 
patients during the study period 
is shown. Orange line denotes 
patients who engaged 3 or more 
times with the app; green line 
denotes patients who engaged 4 
or more times with the app
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Symptom reporting and tracking

At least one symptom was reported by 43% (46) of partic-
ipants, and 40% (43) reported multiple symptoms through 
the app. The most commonly reported symptoms were: GI 
issues (30%), sleep disturbance (29%), pain (28%), mood 
issues (18%), and neurologic issues (17%) (Supplemen-
tary Materials Table 1).

Interestingly, several symptoms were reported more 
frequently by patients in the app than documented by 
providers in the EHR. Cognitive issues, sexual health 
problems (decreased libido), and depression were rare 
(< 10%), but were reported in the app by at least 5% of 
participants, and virtually never reported in the EHR 
(Table 2). This trend was even more pronounced when 
analysis was restricted to the subset of participants with 
at least one follow-up clinic visit during the study period 
and at least 5 episodes of engagement with the app. 
Nausea was more frequently recorded in the EHR than 
reported in the app. Most differences observed between 
symptom reporting in the app vs. documentation in the 
EHR were not statistically significant.

Among patients with metastatic cancer, 41% reported 
that the app helped them track their symptoms. Fifty-five 
percent of patients on adjuvant or neoadjuvant chemo-
therapy found the app helpful for symptom tracking, as 
did 57% of newly diagnosed patients.

Clinical trial matching

At baseline, 47% of participants reported interest in infor-
mation about clinical trials, and 54% reported awareness 
of clinical trial options while 34% did not. When asked at 
follow-up about their experience with the app, 35% reported 
that they were able to identify a clinical trial they were inter-
ested in learning about, including 50% of patients with a new 
diagnosis and 38% with metastatic disease. Overall, 33% of 
participants reported that they were more likely to consider 
a clinical trial after using the app.

Patient experience and satisfaction with care

There was no significant change in patient distress or sat-
isfaction with cancer care over the course of the study. At 
baseline, 56% of participants reported distress of 4 or greater 
on the NCCN distress thermometer, compared to 43% at the 
end of the study (P = 0.08). Patients generally reported high 
satisfaction with their patient/doctor relationship at baseline, 
with mean score on the PDRQ9 of 4.78, and it remained 
high at the end of the study period with mean score of 4.83.

At baseline, we asked participants what healthcare infor-
mation they were most interested in and the top areas of 
interest were: possible side effects of treatment (78%), prog-
nosis (72%), and best treatment options (71%). Among the 
82 participants who completed the end of study survey, the 
app features deemed most helpful were: Information about 
their specific type of breast cancer (76%), information about 
treatment options (74%), the personalized breast cancer 

Table 2  Most Commonly 
Reported Symptoms in App 
and Electronic Health Record 
(EHR) among Total Study 
Population and Population 
Highly Engaged with App

* = Significant difference at the level of P < 0.05. All other differences were not statistically significant

Symptom Symptoms reported by all participants 
(N = 107)

Symptoms reported by participants 
with at least 5 engagement episodes 
(N = 35)

N (%) reporting 
ever in app

N (%) reporting ever 
in EHR

N (%) reporting 
ever in app

N (%) report-
ing ever in 
EHR

Attention problems 7 (7%) 1 (1%) 5 (14%) 1 (3%)
Anxiety 13 (12%) 9 (8%) 10 (29%) 5 (14%)
Constipation 10 (9%) 13 (12%) 8 (23%) 3 (9%)
Decreased libido 5 (5%) 0 3 (9%) 0
Depression 8 (7%) 1 (1%) 6 (17%)* 0
Diarrhea 20 (19%) 24 (22%) 14 (40%) 11 (31%)
Fatigue 29 (27%) 44 (41%) 22 (63%) 16 (46%)
Headache 14 (13%) 14 (13%) 11(31%) 4 (11%)
Hot flashes 15 (14%) 17 (16%) 8 (23%) 3 (9%)
Insomnia 15 (14%) 16 (15%) 11 (31%) 8(23%)
Memory Difficulty 7 (7%) 1 (1%) 5 (14%) 0
Nausea 14 (13%) 27 (25%)* 9 (26%) 11 (31%)
Pain 30 (28%) 37 (35%) 21 (60%)* 5 (14%)
Rash 9 (8%) 18 (17%) 7 (20%) 7 (20%)
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newsfeed (70%), symptom tracking (65%), and clinical trial 
information (65%), as demonstrated in Fig. 3. Overall, 83% 
(68) of participants reported that the app was easy to use and 
40% (33) reported that they plan to continue using the app 
following completion of the study.

Discussion

There is a critical need to improve breast cancer patient 
engagement, education, and self-efficacy to allow for 
informed treatment decision making, effective symptom 
management and improved quality of life [1, 2, 4, 5]. An 
electronic tablet-based tool focused specifically on patient 
reported symptoms that are reported back to the treatment 
team has been shown to improve patient outcomes [9, 10]. 
However, despite considerable attention to these issues in 
the medical literature, there is no evidence-based tool that 
is consistently used to achieve all of these goals in routine 
practice. The Outcomes4Me app was developed as a patient 
navigation tool that could provide personalized information 
on diagnosis, treatment, clinical trial options, and symptom 
management. This app is available for free download by any 
patient with breast cancer but its impact on the patient expe-
rience has not been previously studied. We conducted a pilot 
study to evaluate the feasibility of integration of this app 
into the routine care of breast cancer patients and to explore 
features of the app deemed most helpful by patients and the 
characteristics of patients reporting greatest use and benefit 
from the app.

We found that inclusion of the Outcomes4Me app along 
with routine care for patients with any subtype or stage of 
breast cancer was feasible with 60% of patients engaging 
with the app at least 3 times over the 12-week study period. 
Engagement with the app was highly variable across the 
study population, with approximately 20% of participants 
engaging with the app 10 times of more, and close to one 

third of participants with minimal engagement. This seems 
consistent with preferences for use of a healthcare app 
in the general oncology population. The National Cancer 
Institute’s 2015 National Health Trends Survey found that 
22% of respondents used a mobile health app, with greater 
usage associated with younger age, higher education, and 
higher income [19]. In our sample, higher education level 
was associated with increased app engagement, but age 
was not. Engagement was also higher among patients with 
newly diagnosed cancer compared to survivors and those 
living with metastatic cancer.

Similarly, the app was considered “useable” with an 
average SUS score of 70, above the standard threshold for 
average usability of 68 suggested in the literature [18]. 
Higher app engagement was associated with new cancer 
diagnosis and higher levels of patient education. While 
high SUS was seen across patients of all ages, and among 
those newly diagnosed and those on adjuvant chemother-
apy, it was slightly below the usability goal for metastatic 
patients.

The population enrolled in this study was intentionally 
heterogeneous to allow for a preliminary assessment of how 
patients in different phases of breast cancer treatment inter-
acted with the app. Increased app use in newly diagnosed 
participants was expected since these patients may be most 
interested in gathering information about their disease as 
part of planning their course of treatment. In addition, while 
the unmet needs including symptom management and treat-
ment information among breast cancer survivors are well 
documented, it is not surprising that only a subset of patients 
in the survivorship phase of care had substantial engagement 
with the app during the study period. As prior research has 
demonstrated, survivorship needs among patients with breast 
cancer vary and at any given period in time, up to 40% of 
patients may have minimal needs [20]. Our study suggests 
the app may fulfill different needs for patients at different 
points in their breast cancer treatment.

Fig. 3  Participant Experience 
with Specific Features of the 
Outcomes4Me App. At the end 
of the 12 week study period, 
patients were asked which fea-
tures of the app were most help-
ful. The top 5 categories from 
respondents (N = 82) are shown. 
Dark blue bars = Helpful/very 
helpful, light blue bars = some-
what helpful, gray bars = not 
helpful/minimally helpful

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Background about cancer

Treatment options

News about cancer

Clinical trials

Symptom tracking

Helpful/Very helpful Somewhat helpful Not helpful/Minimally helpful
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One recognized challenge in the care of patients with 
breast cancer is the under-reporting of potentially sensitive 
topics including distress, cognitive problems, and sexual 
dysfunction in routine clinical care [21, 22]. While these 
symptoms were rare, we found that cognitive, sexual health 
and depression symptoms were more frequently reported 
by patients in the app than documented by providers in the 
EHR. These differences were not statistically significant and 
the study was not powered to evaluate significant differences 
in symptom reporting, thus this must be viewed as hypoth-
esis generating for further study. Further, lack of documen-
tation in the EHR does not mean these topics were not dis-
cussed, but the observed difference highlights the potential 
for app-based symptom assessment to identify quality of life 
issues that may not otherwise be reported. This is consist-
ent with prior literature on the differences between preva-
lence of symptoms such as cognitive difficulty and sexual 
health problems and the degree to which they are discussed 
and addressed in clinic [23, 24]. Because under reporting 
may result in under treatment, improved identification of 
these issues may lead to more effective management. Future 
research could involve follow-up of such symptoms to evalu-
ate whether they were discussed, how they were managed 
and whether this improved quality of life.

Many patients demonstrated interest in clinical trials at 
baseline. The majority of patients found the clinical trial 
information in the app helpful, over a quarter identified spe-
cific trials they wished to explore, and one third reported that 
the app experience made them more likely to consider clini-
cal trials in the future. Because the majority of patients were 
already on treatment at the time of study enrollment and we 
do not know what trials were available to the newly diag-
nosed patients on the study, we were not able to evaluate the 
long-term impact of the Outcomes4Me app on trial enroll-
ment. However, the number of patients reporting greater 
interest in trials is encouraging, given the historically low 
rate of clinical trial participation in adult oncology patients 
[25]. Future research will focus specifically on clinical trial 
matching with the app to better understand its potential role 
in facilitating clinical trial matching and enrollment.

There are several limitations to our study. First, we 
actively approached eligible patients to participate in the 
study and then provided assistance to download the app. 
Therefore, the patient population may not reflect the real-
world spectrum of patients who would otherwise seek out 
and use such a navigation app. This would tend to bias 
results away from frequent engagement with the app. We 
did not prescreen patients for unmet information or naviga-
tion needs, or for specific interest in using an app to support 
their care, which might have boosted the level of engage-
ment with the app during the study period. In addition, the 
study population was generally highly educated, recruited 
from a specialized breast cancer clinic, and at baseline 

reported high satisfaction with their provider, which may 
reflect a population at lower baseline need of supplemental 
information or navigation assistance compared to the gen-
eral population of patients with breast cancer. In addition, 
we purposefully recruited patients across the full continuum 
of a breast cancer diagnosis, which allowed us to explore 
utility among subgroups of patients, but limited the number 
of patients within each subcategory. This was a single-arm 
study and we did not evaluate actual changes in care as a 
result of the intervention. This will be explored in future 
research. Another limitation was that only 75% of partici-
pants completed the final survey. Although there were no 
obvious differences in patient characteristics between the 
subsets that did or did not complete the end of treatment 
survey, it is possible that there may have been differences in 
the usability scores. The study feasibility assessment period 
was restricted to 12 weeks which is another limitation of the 
study and may have been too short to assess the feasibility.

In summary, we demonstrated that it is feasible to incor-
porate a patient navigation app into standard care for patients 
with breast cancer to provide information about treatment 
decisions, clinical trials, and symptom management. The 
app was generally deemed useful by patients as a means to 
learn more about their disease, identify and learn about clini-
cal trials, and capture symptoms including some that may 
not be as well captured in clinic visits. Engagement with and 
perceived benefit from the app was highly variable, suggest-
ing that this approach to education and navigation may be 
helpful for some, but not all patients with breast cancer, but 
usability and benefit was demonstrated across patients of all 
ages and education levels. In an unselected group of patients 
presenting for routine care, the Outcomes4Me app appeared 
particularly useful for patients with newly diagnosed cancer 
and for those on chemotherapy. With the ubiquity of mobile 
devices, this and other app-based approaches to patient edu-
cation, symptom tracking and management and clinical trial 
matching hold promise to improve the care and outcomes for 
patients with breast cancer. Future research will explore how 
adaptation of the Outcomes4Me app to specific populations 
of patients with breast cancer can broaden its utility in all 
settings and evaluate its impact on care delivery.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 023- 06918-y.

Author contributions SJI, MS, AS, NH, and JP contributed to the 
study conception and design. Material preparation, data collection 
and analysis were performed by all authors. All authors contributed 
to manuscript preparation and all authors read and approved the final 
manuscript.

Funding This work was supported by Outcomes4Me Inc.

Data availability The datasets generated during and/or analyzed during 
the current study are not publicly available to protect the privacy of 

https://doi.org/10.1007/s10549-023-06918-y


508 Breast Cancer Research and Treatment (2023) 199:501–509

1 3

individual study participants but are available from the corresponding 
author on reasonable request.

Declarations 

Competing Interests Jeffrey M. Peppercorn has received research 
funding from Outcomes4Me Inc., consulted for Abbott Labs and 
reports a family member employed by GlaxoSmithKline. Maya R. 
Said is an employee and has ownership interest in Outcomes4Me 
Inc. Eva Glieberman is an employee of Outcomes4Me Inc. Emily A. 
O’Rourke is an employee and has ownership interest in Outcomes4Me 
Inc. Amanda Stroiney is an employee and has ownership interest in 
Outcomes4Me Inc. Aditya Bardia has received research funding from 
Genentech, Novartis, Pfizer, Merck, Sanofi, Radius Health, Immu-
nomedics, Gilead, Daiichi Pharma, Astra Zeneca, and Eli Lilly, and 
has consulted for Pfizer, Novartis, Genentech, Merck, Radius Health, 
Immunomedics, Gilead, Sanofi, Daiichi Pharma, Astra Zeneca, 
Phillips, Eli Lilly, Foundation Medicine. Laura Spring has received 
research funding from Merck, Phillips, and Eli Lilly, and has consulted 
for Novartis and Puma. Steven J Isakoff has received research fund-
ing from Abbvie, Astra Zeneca, Genentech, Merck, and OncoPep, and 
has consulted for Seattle Genetics, Novartis, Paxman, and Puma, and 
reports a family member employed by Merus NV. Agnes H. Kwak, 
Beverly Moy, and Nora Horick declare no relevant competing financial 
interests.

Ethics approval Approval was obtained from the Dana Farber Harvard 
Cancer Center Institute Institutional Review Board. The procedures 
used in this study adhere to the tenets of the Declaration of Helsinki.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Bickell NA, Weidmann J, Fei K, Lin JJ, Leventhal H (2009) 
Underuse of breast cancer adjuvant treatment: patient knowledge, 
beliefs, and medical mistrust. J Clin Oncol 27(31):5160–5167. 
https:// doi. org/ 10. 1200/ JCO. 2009. 22. 9773

 2. Chen JY, Diamant AL, Thind A, Maly RC (2008) Determi-
nants of breast cancer knowledge among newly diagnosed, low-
income, medically underserved women with breast cancer. Cancer 
112(5):1153–1161. https:// doi. org/ 10. 1002/ cncr. 23262

 3. Freedman RA, Kouri EM, West DW, Keating NL (2015) Racial/
ethnic disparities in knowledge about one’s breast cancer char-
acteristics. Cancer 121(5):724–732. https:// doi. org/ 10. 1002/ cncr. 
28977

 4. Freedman RA, Kouri EM, West DW, Lii J, Keating NL (2016) 
Association of Breast Cancer Knowledge With Receipt of 

Guideline-Recommended Breast Cancer Treatment. Journal of 
Oncology Practice 12(6):e613–e625. https:// doi. org/ 10. 1200/ jop. 
2015. 008508

 5. Street RL Jr, Voigt B (1997) Patient participation in deciding 
breast cancer treatment and subsequent quality of life. Med Decis 
Making 17(3):298–306. https:// doi. org/ 10. 1177/ 02729 89X97 
01700 306

 6. Henry NL, Kidwell KM, Alsamarraie C, Bridges CM, Kwiat-
kowski C, Clauw DJ, Smith EML, Williams DA (2018) Pilot 
Study of an Internet-Based Self-Management Program for Symp-
tom Control in Patients With Early-Stage Breast Cancer. JCO Clin 
Cancer Inform 2:1–12. https:// doi. org/ 10. 1200/ CCI. 17. 00106

 7. Rottmann N, Dalton SO, Christensen J, Frederiksen K, Johansen 
C (2010) Self-efficacy, adjustment style and well-being in breast 
cancer patients: a longitudinal study. Qual Life Res 19(6):827–
836. https:// doi. org/ 10. 1007/ s11136- 010- 9653-1

 8. Shelby RA, Edmond SN, Wren AA, Keefe FJ, Peppercorn JM, 
Marcom PK, Blackwell KL, Kimmick GG (2014) Self-efficacy for 
coping with symptoms moderates the relationship between physi-
cal symptoms and well-being in breast cancer survivors taking 
adjuvant endocrine therapy. Support Care Cancer 22(10):2851–
2859. https:// doi. org/ 10. 1007/ s00520- 014- 2269-1

 9. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, 
Schrag D (2017) Overall Survival Results of a Trial Assessing 
Patient-Reported Outcomes for Symptom Monitoring During 
Routine Cancer Treatment. JAMA 318(2):197–198. https:// doi. 
org/ 10. 1001/ jama. 2017. 7156

 10. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, 
Rogak L, Bennett AV, Dueck AC, Atkinson TM, Chou JF, Dulko 
D, Sit L, Barz A, Novotny P, Fruscione M, Sloan JA, Schrag D 
(2016) Symptom Monitoring With Patient-Reported Outcomes 
During Routine Cancer Treatment: A Randomized Controlled 
Trial. J Clin Oncol 34(6):557–565. https:// doi. org/ 10. 1200/ JCO. 
2015. 63. 0830

 11. Peppercorn JM, Smith TJ, Helft PR, Debono DJ, Berry SR, 
Wollins DS, Hayes DM, Von Roenn JH, Schnipper LE, Ameri-
can Society of Clinical O (2011) American society of clinical 
oncology statement: toward individualized care for patients with 
advanced cancer. J Clin Oncol 29(6):755–760. https:// doi. org/ 10. 
1200/ JCO. 2010. 33. 1744

 12. Shim EJ, Park JE, Yi M, Jung D, Lee KM, Hahm BJ (2016) Tailor-
ing communications to the evolving needs of patients throughout 
the cancer care trajectory: a qualitative exploration with breast 
cancer patients. BMC Womens Health 16(1):65. https:// doi. org/ 
10. 1186/ s12905- 016- 0347-x

 13. Donovan KA, Grassi L, McGinty HL, Jacobsen PB (2014) Valida-
tion of the distress thermometer worldwide: state of the science. 
Psychooncology 23(3):241–250. https:// doi. org/ 10. 1002/ pon. 3430

 14. Van der Feltz-Cornelis CM, Van Oppen P, Van Marwijk HW, De 
Beurs E, Van Dyck R (2004) A patient-doctor relationship ques-
tionnaire (PDRQ-9) in primary care: development and psycho-
metric evaluation. Gen Hosp Psychiatry 26(2):115–120. https:// 
doi. org/ 10. 1016/j. genho sppsy ch. 2003. 08. 010

 15. Bangor A, Kortum PT, Miller JT (2008) An Empirical Evaluation 
of the System Usability Scale. International Journal of Human-
Computer Interaction 24(6):574–594. https:// doi. org/ 10. 1080/ 
10447 31080 22057 76

 16. Fessenden T (2016) Net Promoter Score: What a Customer-Rela-
tions Metric Can Tell You About Your User Experience. . https:// 
www. nngro up. com/ artic les/ nps- ux/. Accessed 1 September 2021.

 17. Reichheld FF (2003) The one number you need to grow. Harv Bus 
Rev 81 (12):46–54, 124

 18. Sauro J (2011) Measuring Usability with the System Usability 
Scale (SUS)-Measuring U. https:// measu ringu. com/ sus/. Accessed 
23 August 2021

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1200/JCO.2009.22.9773
https://doi.org/10.1002/cncr.23262
https://doi.org/10.1002/cncr.28977
https://doi.org/10.1002/cncr.28977
https://doi.org/10.1200/jop.2015.008508
https://doi.org/10.1200/jop.2015.008508
https://doi.org/10.1177/0272989X9701700306
https://doi.org/10.1177/0272989X9701700306
https://doi.org/10.1200/CCI.17.00106
https://doi.org/10.1007/s11136-010-9653-1
https://doi.org/10.1007/s00520-014-2269-1
https://doi.org/10.1001/jama.2017.7156
https://doi.org/10.1001/jama.2017.7156
https://doi.org/10.1200/JCO.2015.63.0830
https://doi.org/10.1200/JCO.2015.63.0830
https://doi.org/10.1200/JCO.2010.33.1744
https://doi.org/10.1200/JCO.2010.33.1744
https://doi.org/10.1186/s12905-016-0347-x
https://doi.org/10.1186/s12905-016-0347-x
https://doi.org/10.1002/pon.3430
https://doi.org/10.1016/j.genhosppsych.2003.08.010
https://doi.org/10.1016/j.genhosppsych.2003.08.010
https://doi.org/10.1080/10447310802205776
https://doi.org/10.1080/10447310802205776
https://www.nngroup.com/articles/nps-ux/
https://www.nngroup.com/articles/nps-ux/
https://measuringu.com/sus/


509Breast Cancer Research and Treatment (2023) 199:501–509 

1 3

 19. Carroll JK, Moorhead A, Bond R, LeBlanc WG, Petrella RJ, Fis-
cella K (2017) Who Uses Mobile Phone Health Apps and Does 
Use Matter? A Secondary Data Analytics Approach. J Med Inter-
net Res 19 (4):e125. doi:https:// doi. org/ 10. 2196/ jmir. 5604

 20. de Rooij BH, Park ER, Perez GK, Rabin J, Quain KM, Dizon DS, 
Post KE, Chinn GM, McDonough AL, Jimenez RB, van de Poll-
Franse LV, Peppercorn J (2018) Cluster Analysis Demonstrates 
the Need to Individualize Care for Cancer Survivors. Oncolo-
gist 23(12):1474–1481. https:// doi. org/ 10. 1634/ theon colog ist. 
2017- 0558

 21. Buchanan ND, Dasari S, Rodriguez JL, Lee Smith J, Hodgson 
ME, Weinberg CR, Sandler DP (2015) Post-treatment Neurocog-
nition and Psychosocial Care Among Breast Cancer Survivors. 
Am J Prev Med 49(6 Suppl 5):S498-508. https:// doi. org/ 10. 1016/j. 
amepre. 2015. 08. 013

 22. Stabile C, Goldfarb S, Baser RE, Goldfrank DJ, Abu-Rustum NR, 
Barakat RR, Dickler MN, Carter J (2017) Sexual health needs 
and educational intervention preferences for women with cancer. 
Breast Cancer Res Treat 165(1):77–84. https:// doi. org/ 10. 1007/ 
s10549- 017- 4305-6

 23. Reese JB, Beach MC, Smith KC, Bantug ET, Casale KE, Porter 
LS, Bober SL, Tulsky JA, Daly MB, Lepore SJ (2017) Effective 

patient-provider communication about sexual concerns in breast 
cancer: a qualitative study. Support Care Cancer 25(10):3199–
3207. https:// doi. org/ 10. 1007/ s00520- 017- 3729-1

 24. Schmidt JE, Beckjord E, Bovbjerg DH, Low CA, Posluszny 
DM, Lowery AE, Dew MA, Nutt S, Arvey SR, Rechis R (2016) 
Prevalence of perceived cognitive dysfunction in survivors of 
a wide range of cancers: results from the 2010 LIVESTRONG 
survey. J Cancer Surviv 10(2):302–311. https:// doi. org/ 10. 1007/ 
s11764- 015- 0476-5

 25. Unger JM, Vaidya R, Hershman DL, Minasian LM, Fleury ME 
(2019) Systematic review and meta-analysis of the magnitude of 
structural, clinical, and physician and patient barriers to cancer 
clinical trial participation. J Natl Cancer Inst 111(3):245–255. 
https:// doi. org/ 10. 1093/ jnci/ djy221

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2196/jmir.5604
https://doi.org/10.1634/theoncologist.2017-0558
https://doi.org/10.1634/theoncologist.2017-0558
https://doi.org/10.1016/j.amepre.2015.08.013
https://doi.org/10.1016/j.amepre.2015.08.013
https://doi.org/10.1007/s10549-017-4305-6
https://doi.org/10.1007/s10549-017-4305-6
https://doi.org/10.1007/s00520-017-3729-1
https://doi.org/10.1007/s11764-015-0476-5
https://doi.org/10.1007/s11764-015-0476-5
https://doi.org/10.1093/jnci/djy221

	Feasibility of introducing a smartphone navigation application into the care of breast cancer patients (The FIONA Study)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Clinical trial registry 

	Introduction
	Methods
	Study design and patient population
	Navigation app development and description of app features
	Survey development and domains
	Statistical analysis

	Results
	Patient sample, demographics, and baseline preferences for information
	Baseline patient preferences on information sources
	Feasibility and usability
	Symptom reporting and tracking
	Clinical trial matching
	Patient experience and satisfaction with care

	Discussion
	Anchor 22
	References




