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Abstract  
Five to 10 years of adjuvant endocrine therapy (ET) for early stage hormone receptor- 

positive (HR+) breast cancer is associated with significant reductions in recurrence and 

death. Despite these proven benefits, up to 40% of patients are non-adherent (take it 

irregularly) or discontinue ET early. Patients who discontinue adjuvant ET early often do 

so soon after initiation, with published 12-month discontinuation rates of approximately 

20%. Side effects are often cited as the reason for early discontinuation. Data indicate 

that symptoms present at the time of initiation of adjuvant ET or that emerge soon 

thereafter are associated with early discontinuation. Ongoing symptom monitoring 

through collection of electronic patient reported outcomes (ePRO) offers the 

opportunity for early identification of symptoms and appropriate intervention. We aim 

to implement serial ePRO collection for patients initiating adjuvant ET for early stage 

HR+ breast cancer at Johns Hopkins clinical sites. Severe or worsening scores on ePRO 

measures assessing common symptoms during adjuvant ET will trigger an alert to the 

clinical team. We will develop evidence-based pathways to guide management of these 

symptoms. The overall goal of this project is to evaluate whether implementation of 

symptom assessment through collection of ePRO early during the course of adjuvant ET 

along with timely management of symptoms according to standardized clinical 

pathways will reduce the early discontinuation rate of adjuvant ET compared to the 

historical discontinuation rate. 
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C: REVIEWER COMMENTS: Not applicable 

D: MAIN SECTION OF THE PROPOSAL: 
1. Overall Goal and Objectives:
Introduction: Multiple trials have demonstrated that treating early stage hormone receptor 
positive (HR+) breast cancer with adjuvant endocrine therapy (ET) reduces risks of loco-regional 
and distant recurrence, new contralateral breast cancer and death.1 Historically, adjuvant ET 
has been administered for 5 years, although evolving research demonstrates benefits of longer 
therapy.1-4 Current guidelines recommend a course of 5-10 years of adjuvant ET.5-7  

Despite the established benefits of adjuvant ET, up to 40% of patients are non-adherent 
(take it irregularly) or discontinue therapy early.8-11 We and others have demonstrated that 
many patients who discontinue ET early do so soon after initiation of treatment (median time 
to discontinuation 6.1 months).11,12 Indeed, approximately 20% of patients discontinue 
adjuvant ET within the first 12 months of treatment.8-19 Outcomes are inferior among patients 
who are non-adherent or who discontinue adjuvant ET early, evidenced by higher risks of 
recurrence and death.8,20,21 Once metastatic, breast cancer is incurable, therefore, 
interventions to improve adherence and to reduce early discontinuation are urgently needed.22 

We and others have identified factors predictive of ET non-adherence and early 
discontinuation, some of which are potentially modifiable. Interventions targeting these 
potentially modifiable factors may reduce early discontinuation and, ultimately improve breast 
cancer outcomes. Many patients who discontinue adjuvant ET early cite side effects as their 
primary reason for stopping.14 Evidence indicates that both the presence of baseline and 
treatment-emergent symptoms predict premature ET discontinuation.10,11,13,15,18,19,23-25  

Symptoms experienced during adjuvant ET are likely under-appreciated and under-
treated by clinicians.24,26 This gap in care may be eliminated by remote symptom monitoring 
through electronic patient reported outcomes (ePRO). The use of ePRO offers the opportunity 
for ongoing symptom assessment that can allow for rapid intervention to manage symptoms 
with the aim of reduced early discontinuation and, ultimately, improved breast cancer survival. 
Overall Goal: The overall goal of this project is to evaluate whether implementation of 
symptom assessment by collecting ePRO early during adjuvant ET along with timely symptom 
management according to standardized pathways reduces the 12-month adjuvant ET 
discontinuation rate. We hypothesize that identifying and managing symptoms present at the 
initiation of adjuvant ET or which emerge soon thereafter will reduce early ET discontinuation.  
Key Objectives:  
Objective 1: To evaluate the feasibility of symptom monitoring by collecting ePRO data via a 
mobile app during the first 6 months of adjuvant ET in patients with early stage HR+ breast 
cancer. We will consider baseline collection of ePRO data feasible if at least 65% of patients 
complete the baseline ePRO survey. We will consider collection of ePRO data during ongoing 
adjuvant ET feasible if at least 65% of patients complete ≥1 follow-up ePRO survey during the 
first 6 months of adjuvant ET (at 1, 3, and/or 6 months after treatment initiation). 
Objective 2: To implement clinical pathways guiding timely management of common 
symptoms identified through ePRO collected via mobile app during the first 6 months of 
adjuvant ET. We will develop and implement evidence-based pathways guiding management of 
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common symptoms during adjuvant ET and link these pathways to alerts sent to clinicians 
regarding severe or worsening symptoms based on ePRO survey scores. We will summarize and 
report the compliance rate with pathway interventions within 4 weeks of receipt of alerts.  
Objective 3: To evaluate the 12-month adjuvant ET discontinuation rate in early stage HR+ 
breast cancer patients enrolled in ePRO symptom monitoring. We will consider our 
intervention successful if ≤ 15% of enrolled patients discontinue ET within the first 12 months.  

Through these objectives, we will implement two new clinical tools for our HR+ breast 
cancer patients initiating ET: 1) ePRO surveys for symptom assessment, and 2) standardized 
clinical pathways to manage baseline and emerging symptoms early during ET. This intervention 
will address the current need for better symptom assessment and management. We 
hypothesize that better symptom assessment and management through ePRO and the use of 
pathways will minimize ET discontinuation. The implementation of these clinical tools aligns 
with the focus of this RFP by utilizing pathways to improve the quality of breast cancer care and 
with our institutional goal for high quality breast cancer care.  
2. Current Assessment of Need in Target Area:

Adjuvant ET improves outcomes for HR+ breast cancer.1 However, despite the 
established benefits, up to 40% of patients do not complete the recommended 5-10 years of 
ET.5-11 We and others have identified factors associated with non-adherence and early 
discontinuation. Some are not modifiable, such as age, race, marital status, comorbidities, 
socioeconomic status, co-payment, concomitant medications, and receipt of prior 
taxane.8,10,17,18,27,28 However, as we and others have demonstrated, some factors associated 
with non-adherence and early discontinuation are potentially modifiable and interventions 
targeting these factors to enhance adherence, reduce early discontinuation and, ultimately, to 
improve breast cancer outcomes, are urgently needed.  
Modifiable Factors Associated with Poor Adherence and Early Discontinuation: Many patients 
who discontinue adjuvant ET cite side effects as their primary reason for stopping.14 We and 
others have demonstrated that both the presence of baseline and treatment-emergent 
symptoms, in particular, pain at baseline, and the emergence of musculoskeletal symptoms, are 
predictive of early ET discontinuation.10,11,13,15,18,19,23-25 We have also demonstrated that high 
overall symptom burden prior to initiation of adjuvant ET or an increase in overall symptom 
burden early during ET is associated with early discontinuation.13 Psychological factors, such as 
baseline poor sleep and trouble concentrating, distress early during ET, and worsening of 
anxiety or depression early during ET also predict premature ET discontinuation.11,13,14,19  

Evidence-based interventions can improve many symptoms during adjuvant ET.29 For 
example, guidelines outline the management of depression and anxiety in cancer patients and 
survivors30  and data demonstrate that exercise improves arthralgias during ET31 and that both 
pharmacologic and non-pharmacologic interventions can reduce hot flashes.32Weight gain in 
breast cancer survivors is also of concern. Although the impact of weight on ET adherence and 
discontinuation is uncertain, these factors are associated with increased symptoms 33-36 and 
may therefore contribute to non-adherence and early discontinuation. 
Incorporating the Patient Voice in Symptom Assessment: The association between symptoms 
and ET adherence and discontinuation suggests that early identification of symptoms during 
adjuvant ET followed by rapid symptom management may lead to improved treatment delivery. 
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The symptoms experienced by patients receiving adjuvant ET are likely under-appreciated by 
clinicians due to both incomplete assessment during clinic visits and the emergence of 
symptoms between visits.24,26 The current model for symptom assessment at the time of 
intermittent clinic visits relies on the clinician eliciting each patient’s retrospective report of 
symptoms since the prior visit, a process subject to under-ascertainment and recall bias. Due to 
its retrospective timing, the current model limits the clinician’s ability to intervene quickly to 
manage symptoms.37,38 Data also suggest that clinicians do not address all symptoms elicited 
during adjuvant ET.24 Incomplete symptom assessment and inadequate symptom management 
represent a gap in care which may contribute to early discontinuation of adjuvant ET.  

Symptom monitoring by collecting patient reported outcomes (PRO) offers an 
opportunity for clinicians to better assess their patients’ symptoms in real-time during 
treatment.39 PRO are assessments from patients about their health status without 
interpretation by a clinician and are typically collected by completion of questionnaires.40 The 
symptom burden captured by PRO during adjuvant ET exceeds that reported by clinicians.26 
PRO enhance the clinician’s ability to detect unrecognized problems during therapy and the 
clinician’s awareness of patient pain. Evolving research indicates that data collected through 
PRO may lead to changes in management.41,42  

We have previously demonstrated the feasibility of serial collection of PRO during 
adjuvant ET within the context of a clinical trial with >75% of patients completing PRO 
measures 6 months after ET initiation.11 The incorporation of PRO measures into routine clinical 
oncology care (outside of the context of clinical trials) has been a recent focus.39 Incorporation 
of PRO into routine care during adjuvant ET may lead to improved symptom detection and the 
opportunity for rapid intervention to address symptoms, thus potentially minimizing early ET 
discontinuation.26,43 To the best of our knowledge, the impact of PRO assessments during 
routine oncology care on the ET discontinuation rate has not been well characterized,41,42 and 
its implementation has the potential to lead to improved breast cancer-related outcomes. 
Oncology Care Pathways: In order for PRO data collected during adjuvant ET to promote 
symptom management and lead to a reduced early discontinuation rate, clinicians must not 
only identify symptoms by interpreting PRO data, but also must offer effective interventions to 
reduce the symptoms in a timely manner. The incorporation of PRO into routine clinical care 
may be burdensome for clinicians if the data are difficult to interpret and if the appropriate 
steps to take in response to the data are not clear. Our institution has spearheaded efforts to 
clarify how to best present PRO data to clinicians, highlighting current results and trends over 
time, and drawing attention to clinically important symptoms such as those that are severe or 
worsening.44,45 We also have experience using expert consensus to develop management 
recommendations to guide clinicians responding to symptoms identified from PRO data.46  

The use of oncology care pathways has recently expanded. Pathways offer treatment 
protocols with the goal of limiting variability in care, promoting value and providing effective 
and safe interventions. The American Society of Clinical Oncology (ASCO) recently outlined 
recommendations for optimal development and incorporation of pathways into oncology 
clinical care and recommended that pathways be developed to address the entire spectrum of 
cancer care including survivorship.47 The symptom burden experienced by patients receiving 
adjuvant ET, the array of options for managing these symptoms and the data obtained by serial 
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PRO for symptom assessment during adjuvant ET create an ideal scenario for the incorporation 
of clinical pathways. Linking PRO scores with evidence-based pathways that outline appropriate 
interventions stratified according symptom severity has the potential to expand the clinical 
utility of PRO assessments in the care of patients receiving adjuvant ET.  
Electronic Patient Reported Outcomes: The recent widespread availability of web access and 
smart devices facilitates the collection of ePRO. Moreover, the increasing use of electronic 
health records (EHR) offers the chance to link ePRO data with the medical record, notifying 
clinicians of symptoms in real-time.39,48,49 Alerts can be used to flag severe or worsening 
symptoms with links to care recommendations based on pre-established pathways.48  

Published data indicate that collecting ePRO is feasible in several settings such as 
ambulatory gynecologic cancer patients receiving routine care48 and chemotherapy patients 
participating in clinical trials,50 but, to the best of our knowledge, ePRO data collection has not 
been systemically evaluated in patients receiving routine adjuvant ET. Notably, a landmark 
randomized trial recently evaluated collection of ePRO during chemotherapy for advanced 
cancer and demonstrated improved delivery of chemotherapy, improved health-related quality 
of life, fewer emergency room visits and improved survival in participants randomized to the 
ePRO arm. Rapid clinical response to symptoms is a likely explanation for the improvement in 
outcomes among patients randomized to the ePRO arm in this trial51,52 and supports our 
hypothesis that improved symptom management based on better identification of symptoms 
through ePRO may improve adjuvant ET delivery and breast cancer outcomes. 
A New Conceptual Model of Care: We propose to evaluate a new conceptual model of care for 
patients receiving adjuvant ET that utilizes ePRO and standardized pathways to guide symptom 
management, with the ultimate intent of improving treatment delivery (Figure 1). This 
innovative concept builds 
upon the published data 
demonstrating that ePRO 
collection improves clinical 
outcomes, including 
treatment delivery, in 
patients receiving 
chemotherapy.51,52 Given the 
significant improvement in 
breast cancer-related 
outcomes with adjuvant ET 
and the detrimental effects 
of poor adherence and early 
discontinuation, interventions to minimize reasons underlying poor adherence and early 
discontinuation, such as incomplete symptom identification and management, are needed. 
Current rates of treatment delivery (“what is”) are inadequate; efforts are needed to reduce 
early discontinuation rates (“what should be”). We hypothesize that incorporation of this new 
care model which addresses the current gap in symptom assessment and management will 
reduce premature discontinuation of adjuvant ET. 
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While many institutions are incorporating ePRO into routine oncology care,39,48 we are 
not aware of any applications of ePRO linked to clinical pathways for symptom management 
with the aim of reducing early discontinuation of ET. We anticipate that this novel approach will 
lead to improved symptom assessment and management in breast cancer patients receiving 
adjuvant ET and, as was demonstrated in chemotherapy patients,51 that it will result in 
enhanced treatment delivery as measured by a reduced early ET discontinuation rate.  
Quantitative Baseline Data Summary: In addition to our published data cited above, we 
enrolled 329 patients initiating adjuvant ET in an IRB-approved prospective clinic-based cohort. 
We are using the Patient Viewpoint web-based interface53,54 to collect longitudinal ePRO 
assessing common symptoms and adherence during adjuvant ET in this study population. 
Median follow-up to date is 24 months. To date, completion rates of each ePRO measure at 3 
and 6 months after initiation of adjuvant ET in this cohort are approximately 85% and 75% 
respectively. Scores indicating severe symptoms in absolute terms and/or worsening of scores 
exceeding pre-defined thresholds trigger alerts to clinicians caring for the study participants. 
Clinical interventions in response to the alerts are not standardized in this cohort, however, 
Patient Viewpoint provides suggested clinician responses that we developed from expert 
consensus46 which can serve as a foundation for the development of the clinical pathways for 
the proposed intervention.  

Mean baseline scores for depression, anxiety, sleep disturbance, physical function, 
sexual function, endocrine symptoms, pain impact and fatigue in our study population are 
within the normal range. Not surprisingly, endocrine symptoms increased during the first 6 
months of ET. Over 50% of our study population is overweight/obese. Only 75% of the study 
population had good adherence 6 months after ET initiation. Preliminary analysis demonstrates 
that, compared to participants with good adherence at 6 months, those with moderate or poor 
adherence at 6 months had more baseline endocrine symptoms and anxiety and greater 
increase in fatigue at 6 months (unpublished data). Analysis is ongoing to evaluate early ET 
discontinuation rates in this population and their association with ePRO and weight. Our 
preliminary results will be presented at the 2017 San Antonio Breast Cancer Symposium. 
3. Target Audience:

The target audience for this intervention is patients with HR+ stage 0-III breast cancer 
initiating adjuvant ET at our institution. The Breast Cancer Program at the Kimmel Cancer 
Center at Johns Hopkins University has 3 medical oncology clinics located in Baltimore City, 
Baltimore County, and in Washington DC. Together, more than 1,200 new patients are treated 
by our 9 breast cancer medical oncologists annually. Most have HR+ early breast cancer and are 
candidates for adjuvant ET and therefore for the proposed intervention.   Our work can also be 
expanded to the Johns Hopkins Clinical Research Network (JHCRN) consisting of 5 regional 
community and academic sites where many more breast cancer patients are seen. 

The proposed intervention will be offered as a component of standard clinical care for 
patients initiating adjuvant ET at our institution. Every patient seen at our sites will be offered 
access to our breast cancer app, which will include personalized educational material including 
links to symptom management webinars and videos), wayfinding and appointment schedule 
information. ePRO collection through the app will be available to patients initiating adjuvant ET. 
When a clinician prescribes adjuvant ET to a patient in the EHR, a link will connect them to a 
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registration website with an invitation to enroll the patient in the ePRO intervention. Our 
research staff routinely screens patient charts prior to clinic visits and will flag patients 
expected to initiate adjuvant ET to remind clinicians to enroll them. Patients will be encouraged 
to complete the ePRO surveys as a means of communicating with their clinical team above and 
beyond existing communication avenues. Given that this intervention will be a component of 
standard clinical care, no recruitment efforts other than confirming access to and ability to use 
a smart device are planned. We will educate our clinical team about the ePRO intervention and 
encourage them to enroll their patients when they prescribe adjuvant ET. Data indicate that 
77% of US adults had a smart phone as of 2016 with the proportion increasing steadily over 
time,55 so we do not anticipate inability to access the app to be a significant barrier to 
participation. We will encourage patient engagement by sending electronic reminders to 
complete the ePRO assessments. We anticipate that each ePRO survey will take no more than 
15 minutes to complete. Unless individual clinical circumstances dictate otherwise, patients will 
continue follow up with their clinicians every few months according to standard breast cancer 
guidelines,56 thus the level of additional commitment required for patients participating in this 
intervention beyond routine clinical follow-up care will be minimal.  

If successful, our intervention will directly impact our target audience by improving 
symptom identification and management and will reduce early discontinuation of adjuvant ET. 
In the future, this model could be replicated in patients receiving adjuvant ET at other 
institutions and could potentially be modified for use in patients receiving other oral cancer 
therapies. This proposed intervention is scalable and could potentially be available globally and 
incorporated into guidelines such as the NCCN Clinical Practice Guidelines for Breast Cancer.  
4. Project Design and Methods:

In collaboration with emocha Mobile Health, the Johns Hopkins Breast Cancer Program 
is developing a mobile app called “Thrive”.  The goal of the app is to provide individualized 
educational materials, wayfinding navigation, treatment path communication and schedule 
tracking for all of our breast cancer patients. Funds for the app have been secured, a design 
prototype is available, focus groups have been completed and the design phase has been 
completed with development of low- and high-fidelity mock-ups. The app is under development 
and pilot testing is expected in November 2017. If awarded, these Pfizer/NCCN funds will be 
used to incorporate ePRO surveys into the app for patients initiating adjuvant ET, to develop 
and incorporate clinical pathways for symptom management based on ePRO scores into the 
app, to link ePRO data to the EHR and to evaluate the impact of ePRO collection during 
adjuvant ET on symptom management and ET discontinuation.  

We have already received guidance from our IRB indicating that a research consent will 
not be required for this intervention. Prior to initiating the baseline ePRO survey, patients will 
be informed that their ePRO data will be monitored by their clinical teams and that it will be 
tabulated for the purpose of quality improvement. If a patient initiates the baseline ePRO 
survey, it will be assumed that he/she agrees with this stipulation. During the first 3 months of 
the funding period, we will submit an IRB application requesting a consent waiver to summarize 
our results and to review medical records for breast cancer patients prescribed adjuvant ET 
during the enrolment period for this project.  
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Our goal is to evaluate whether implementation of symptom assessment through ePRO 
collection early adjuvant ET along with timely symptom management according to standardized 
clinical pathways reduces the 12-month discontinuation rate of adjuvant ET. All HR+ breast 
cancer patients initiating adjuvant ET at our institution during an 8 month enrolment period will 
be eligible to participate. Based on the proportion of breast cancer cases diagnosed with 
locoregional disease (94%)57 and on the proportion of breast cancer cases that are HR+ 
(approximately 75%),58 we estimate >550 patients will be seen at our institution over an 8 
month period who will have early stage HR+ breast cancer and therefore be candidates for 
adjuvant ET and for participation in our ePRO intervention. A maximum of 500 patients will be 
enrolled in this intervention and followed for 12 months. We will monitor the proportion of 
potentially eligible patients who enroll via chart review of all patients who initiate adjuvant ET. 
Basic clinical and demographic factors will be compared between eligible patients who do and 
do not enroll to ensure our enrolled patients are representative of our overall population.  If 
necessary, we will expand enrolment to include patients seen at two centers within the JHCRN 
with whom we have a strong track record of collaboration with interventions including ePRO 
measures (unpublished data, presented at SABCS 2016 by Santa-Maria C et al).   

Patients will complete ePRO surveys via the app at baseline and 1, 3, and 6 months after 
initiation of adjuvant ET. Each survey will be available for completion over approximately 2 
weeks. We will measure the proportion of patients who complete the surveys to assess the 
feasibility of this intervention and as a measure of target audience engagement. Patients will 
receive electronic reminders to complete the surveys to facilitate engagement.  

We will monitor symptoms which are common during adjuvant ET (based on our 
experience in our clinic-based cohort and on our literature review) and those for which 
established interventions are available for symptom management. We intend to use validated 
brief measures, primarily PROMIS and PRO-CTCAE tools, to create an ePRO survey with 
approximately 25 symptom questions at each time point). Based on emocha’s extensive 
experience with public health interventions such as tuberculosis, hepatitis C and opioid 
addiction medication adherence with supplemental surveys, we anticipate a high proportion of 
patients will be willing to complete at least a symptom survey of this length via an app on their 
smart device.59-61 Patients will also be given the option to complete each survey via the web if 
preferable. We have selected PROMIS and PRO-CTCAE measures based on brevity, reliability 
and validity in the outpatient cancer population, ease of score interpretation and demonstrated 
responsiveness to change in the outpatient cancer population.62,63 Symptoms we plan to 
monitor include: anxiety, depression, joint pain, vaginal dryness, hot flashes, fatigue and sleep 
disturbance.  

We will assess ET discontinuation by patient self-report of ET medication type and 
start/stop dates through the app at 1, 3, 6 and 12 months after treatment initiation and will 
confirm these data as needed through medical record review and/or clinician query. Adherence 
at 1, 3, 6 and 12 months will be assessed through the app using the 3-question Voils Measure of 
Nonadherence Part 1.64 Patients will also self-report weight via the app. We plan to build the 
new app pages for the ePRO symptom survey, medication self-report, adherence questionnaire 
and weight self-report during the first 3 months of the funding period. ePRO symptom scores 
will be linked with the EHR and the clinical team will be able to review current scores and 
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trends over time prior to or at clinic visits. Once our ePRO survey tools are drafted by our 
project team, we will conduct focus groups and individual interviews with clinicians and breast 
cancer patients to obtain feedback and will modify the surveys as needed. 

For each symptom measure, we will define a score threshold beyond which the 
symptom will be considered severe and a threshold for change compared to baseline beyond 
which the symptom will be considered to be worsening. These thresholds will be selected 
during the first 3 months of the funding period by considering score interpretation, 
responsiveness to change and the expected score distribution for each measure. In addition, we 
will engage stakeholders in the selection of these thresholds through focus groups and 
individual interviews with patients and clinicians. We will build triggers for electronic alerts to 
the clinical team into the app in case of any score which surpasses these pre-defined 
thresholds. Patients will be notified that their responses to submitted ePRO surveys have been 
received and, in case of score(s) which trigger alerts, that their clinical team will be contacting 
them regarding symptom management. The frequency of alerts will be reviewed over time and 
thresholds to define severe or worsening symptoms will be re-evaluated and modified as 
necessary. 

Using the guidelines for symptom management in response to ePRO scores that our 
institution previously developed via expert consensus as a foundation,46 along with standard 
clinical guidelines for symptom management in breast cancer survivors such as the NCCN 
Clinical Practice Guidelines in Oncology for Survivorship65 and relevant ASCO clinical 
guidelines,30,66,67 we will develop evidence-based clinical pathways guiding the management of 
severe or worsening symptoms identified through the ePRO surveys. These pathways will be 
drafted by our project team and evaluated in focus groups and/or individual interviews with 
other members of our breast cancer clinical team and breast cancer patients. Pathways will be 
re-assessed on an ongoing basis to ensure they reflect up-to-date care. Pathways will be linked 
to the symptom alerts clinicians receive in response to concerning ePRO scores. We will 
measure timely clinician compliance with interventions in the clinical pathways byreviewing 
medical records during the 4 weeks after each symptom alert is triggered to assess for clinician 
documentation of recommending at least 1 intervention in the pathway to address the relevant 
symptom. 

At the end of the funding period, we expect to have an app available for ongoing use in 
our ET patients with a symptom assessment tool and management pathways that will allow our 
clinical teams to personalize care and reduce ET discontinuation. Should this project prove 
successful in reducing ET discontinuation, we will continue collecting ePRO during adjuvant ET 
using our app as a standard component of care at our institution. In addition, our app with its 
embedded ePRO measures, could be adjusted for use by other breast cancer programs or, with 
modification, to programs using other oral cancer therapies. If successful at reducing ET 
discontinuation, access to ePRO for symptom monitoring could potentially be offered by NCCN 
to its member institutions as a strategy to expand availability of this clinical tool. In addition, 
our institution could consider expansion of availability of our app to other programs. 
5. Evaluation Design:

We will assess whether we have addressed the gap in clinical care (incomplete symptom 
assessment and symptom management during adjuvant ET) by evaluating our first two 
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objectives. The feasibility of symptom monitoring by collecting ePRO data via mobile app early 
during adjuvant ET (objective 1) will be assessed in two parts. First, we will evaluate if at least 
65% of the patients enrolled in the ePRO intervention complete the baseline ePRO survey. 
Second, we will evaluate if at least 65% of the patients enrolled in the ePRO intervention 
complete at least one follow-up ePRO survey during the first 6 months of adjuvant ET (1, 3 
and/or 6 months after treatment initiation). The target 65% completion rate for the ePRO 
surveys was selected based on published PRO completion rates in clinical trial populations of 
approximately 70-80%11,50 with the expectation that completion rates may be lower when PRO 
measures are administered during routine clinical care. Although the main purpose of this 
proposal is to implement ePRO and symptom management, it is important to define 
expectations and the probability of success, therefore, we will continuously evaluate our design 
and progress. As a run-in step, if fewer than 25 of the first 50 enrolled patients complete the 
baseline ePRO survey, we will engage stakeholders and modify our intervention as needed to 
increase the completion rate of the baseline ePRO survey. Enrolment may also be expanded to 
additional sites within the JHCRN within the first few months if appropriate.  Should we make 
any modifications in our strategy, we will report ePRO survey completion rates both prior to 
and after modification(s) in addition to summarizing overall survey completion rates. For the 
purposes of this objective, we will consider an ePRO survey to be “complete” if at least 1 
question is answered. Bayesian continuous monitoring will be conducted to evaluate the 
feasibility of ePRO collection in our population. The Bayesian analysis will be started when a 
minimum of 100 patients have been enrolled, or approximately 2 months from the beginning of 
the study. On a monthly basis, the posterior probabilities of completing the baseline ePRO 
assessment and completing at least one follow-up ePRO assessment will be computed. We will 
conclude that the ePRO collection is infeasible if at any of the monitoring analyses, there is 
>50% chance to believe that the criteria are not met for either of the two probabilities. Table 1 
gives the study operating characteristics based on the proposed Bayesian monitoring plan.  

Scenario 
Baseline 

 RateA 
Follow-up 

RateB 

Expected 
Duration 
(Months) 

Expected 
Sample Size 

Success 
RateC 

I* 65% 65% 4.6 223 3.9% 
II 70% 70% 14.6 415 59.0% 
III 72% 72% 18.0 461 80.0% 

Table 1: Study operating characteristics.  
- Non-informative priors for Bayesian analysis  
- Monthly enrolment rate assumed to be 55 patients  
*: Scenario that corresponds to the null hypothesis 
A: True baseline ePRO survey completion rate 
B: True completion rate of at least 1 follow-up ePRO survey  
C: Probability of concluding that the study is feasible for ePRO assessment

Implementation of pathways to guide the timely management of common symptoms 
identified through ePRO surveys (objective 2) will be evaluated by summarizing and reporting 
the clinician compliance rate with pathway recommendations and its confidence interval.  We 
will consider clinicians to be compliant if they recommend any pathway-driven intervention 
within 4 weeks of the date that completion of an ePRO survey triggers a symptom alert. 
Clinician compliance with pathways will be assessed by chart review and, if necessary, by 
clinician query.  Since the expected frequency of symptom alerts is not known, we will not set a 
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target compliance rate a priori, thus reporting of this objective will be descriptive and may 
inform the design of potential future studies evaluating clinician pathway compliance.   

The overall aim of our intervention is to reduce ET discontinuation. We will consider our 
ePRO intervention successful if the 12-month ET discontinuation rate (objective 3) is ≤ 15%. This 
target was selected based on the historic published 12-month discontinuation rate of 
approximately 20%,8-19 with the expectation that our intervention will halve discontinuation to 
10%. With a sample size of 500, there will be >80% power to reject the null hypothesis at a two-
sided type 1 error rate of 5%. In addition to reporting the 12-month discontinuation rate among 
all enrolled patients (intent to treat analysis), we will report the 12-month discontinuation rate 
with 95% confidence intervals separately among those who do and do not complete the 
baseline ePRO survey and among those who do and do not complete at least one follow-up 
ePRO survey. We will also report the 12-month discontinuation rate among all patients 
initiating adjuvant ET at our institution during our enrolment period regardless of enrolment in 
the ePRO intervention. Patients who are off ET for ≥6 consecutive weeks will be considered to 
have discontinued therapy. Whenever possible, ET discontinuation status will be based upon 
patient self-report via the app, however, we will obtain this information by chart review and 
clinician query if necessary. We will also describe ET adherence at each time point. We will 
evaluate whether the discontinuation rate is related to our intervention by correlating 
adherence and discontinuation with ePRO completion and symptom severity. We will explore 
relationships between weight and adherence, discontinuation and symptoms. 

Appropriate statistical approaches including multiple imputation and sensitivity analysis 
will be used to handle missing data. Our results will be disseminated by submitting abstracts to 
major oncology meetings and by submitting manuscripts to leading oncology journals. If 
successful, we hope that this intervention will be disseminated to other programs and that 
symptom monitoring via ePRO during adjuvant ET will be incorporated into guidelines.  
6. Detailed Workplan and Deliverables Schedule:

During the first 3 months of funding (January 1, 2018-March 31, 2018), we plan to 
submit an IRB application requesting a consent waiver, to develop and implement the clinical 
pathways, to incorporate the ePRO surveys into the app with links to the EHR, to define the 
symptom thresholds to trigger alerts and to develop the alert mechanism with links to the 
pathways. We plan to enroll patients during the next 8 months of funding (April 1, 2018-
November 30, 2018). Data collection will be ongoing during the 8 months of enrolment and 
for   ̴12 months afterward. Treatment discontinuation will be assessed at the end of the 12-
month follow-up period for each patient. Throughout the enrolment and follow-up period, we 
will conduct ongoing assessment of enrolment, ePRO completion rates, symptoms and pathway 
compliance. The first objective will be analyzed and reported in two parts:  1) the completion 
rate of the baseline ePRO survey will be reported approximately January 2019 and 2) the 
completion rates of the follow-up ePRO surveys will be reported after the conclusion of the 
funding period in approximately January 2020.   The second objective (clinician pathway 
compliance) will be analyzed and reported by approximately August 2019.  The third objective 
(12-month ET discontinuation rate) will be analyzed in December 2019 and reported after the 
conclusion of the funding period in approximately January 2020.  Data will be finalized, 
submitted for publication and disseminated after the completion of the funding period. 
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Project Title: Reducing Discontinuation Rate of Adjuvant Endocrine Therapy through Symptom Monitoring and Management 

Table of Deliverables 

Objective 1: To evaluate the feasibility of symptom monitoring by collecting ePRO data via a mobile app during the first 6 
months of adjuvant ET in patients with early stage HR+ breast cancer 
Activity Deliverable Responsible Person(s) Target Completion 

Date 
Finalize list of symptoms to 
monitor by collecting ePRO data 
via mobile app 

List of symptoms to monitor Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Finalize list of questionnaires to 
use to monitor selected symptoms 

List of symptom questionnaires Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Establish thresholds to define 
severe and worsening symptoms 
based on scores on selected 
questionnaires 

List of cut-off scores beyond which 
symptoms will be considered severe 
and degree of change in scores 
compared to baseline beyond which 
follow-up scores will be considered 
representative of worsening symptoms 

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Incorporate ePRO measures into 
app 

Draft text to be incorporated into app 

 Introduction

 Questions and answer options for
selected symptom questionnaires
(to be administered at baseline and
1,3, and 6 months after initiation of
ET)

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 
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 Questions and answer options for
Voils Measure of Nonadherence (to
be administered at baseline and
1,3, 6 and 12 months after
initiation of ET)

 Wording for self-report questions
regarding endocrine therapy
regimen and start/stop dates (to
be administered at baseline and
1,3, 6 and 12 months after
initiation of ET)

 Wording for self-report questions
regarding weight (to be
administered at baseline and 1,3, 6
and 12 months after initiation of
ET)

 Wording for notification patients
will receive regarding receipt of
their answers and expected
contact from clinical team (if scores
are concerning)

Mock-up and implement app pages for 
ePRO measures 

emocha Mobile Health March 31, 2018 

Develop mechanisms to trigger each 
ePRO survey at appropriate time 
points, for each survey to stay open for 
completion over approximately 2 
weeks and for electronic reminders to 
be sent to patients regarding each 
survey 

emocha Mobile Health March 31, 2018 
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Develop process for enrolling 
patients in ePRO intervention 

Create HIPAA-compliant link between 
EHR and emocha website allowing 
clinicians prescribing adjuvant ET 
through the EHR to enroll patients in 
ePRO intervention on emocha website 

emocha Mobile Health March 31, 2018 

Develop ePRO score reports and 
link between ePRO scores and EHR 

Mock-up of score report (including 
current scores and trends over time) 

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Create link between ePRO scores 
(current and trending over time) and 
EHR 

emocha Mobile Health March 31, 2018 

Develop mechanism for alerts to 
clinical team for severe or 
worsening symptoms based on 
ePRO scores 

Draft text of alert to be sent 
electronically to clinical team for 
severe or worsening symptoms;  
identify clinical team members to 
receive alerts 

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Implement automated electronic alerts 
to send to clinical team in case of 
concerning scores on ePRO measures 
which exceed pre-defined thresholds 

emocha Mobile Health March 31, 2018 

Enroll patients with HR+ early 
breast cancer initiating adjuvant ET 
in ePRO intervention 

Not applicable Johns Hopkins breast 
cancer clinical team 

Enrolment will be 
ongoing from April 1, 
2018 through 
November 30, 2018 

Evaluate enrolment in ePRO 
intervention 

# of patients initiating adjuvant ET, # of 
patients initiating adjuvant ET whose 
clinicians go to emocha enrolment 
website, # of patients initiating 
adjuvant ET who are enrolled in ePRO 
intervention, proportion of patients 

emocha Mobile Health 
Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 

Enrolment will be 
evaluated on an 
ongoing basis from 
April 1, 2018 through 
November 30, 2018 
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enrolled after clinician goes to 
enrolment website (to be summarized 
monthly) 

Evaluate completion rate of 
baseline ePRO survey 

# of patients who complete baseline 
survey, proportion of enrolled patients 
who complete baseline survey, (to be 
summarized monthly, strategy to be 
reassessed if <25 of first 50 enrolled 
patients do not comlete baseline ePRO 
survey, Bayesian continuous 
monitoring to be implemented once 
enrolment surpasses predefined 
target) 

emocha Mobile Health 
Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 

Baseline surveys may 
be completed within 
approximately 2 
weeks of enrolment 
(i.e. baseline surveys 
will be able to be 
completed April 1, 
2018 through 
approximately 
December 15, 2018)   

We anticipate 
reporting this 
endpoint 
approximately 
January 2019. 

Evaluate completion rate of follow-
up ePRO surveys  

# of enrolled patients who complete 
each follow-up ePRO survey, 
proportions of enrolled patients who 
complete ePRO surveys at 1, 3, 6 and 
12 months after initiation of adjuvant 
ET 

emocha Mobile Health 
Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 

Follow-up surveys will 
be able to be 
completed from 1 
month after 
enrolment until 12 
months after 
enrolment (plus 
approximately 2 
weeks). (i.e. follow-up 
surveys will be able to 
be completed 
approximately May 1, 
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2018 through 
December 15, 2019) 

We anticipate 
reporting this 
endpoint 
approximately 
January 2020. 

Follow patients enrolled in ePRO 
intervention 

Patients will receive electronic 
reminders asking them to complete 
ePRO surveys at baseline and at 1, 3, 6 
and 12 months after initiation of 
adjuvant ET. Symptoms will be 
assessed by ePRO at all time points 
except the 12 month time point. 
Adherence, ET regimen and weight will 
be assessed at all time points. 

Not applicable Patients will be 
followed for ~12 
months (+ 2 weeks) 
after enrolment (i.e. 
follow-up will be 
ongoing until 
approximately 
December 15, 2019) 

Describe ePRO data over time Summary of data collected from ePRO 
surveys at each time point (to be 
summarized monthly) 

emocha Mobile Health 
Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 

Ongoing throughout 
follow-up period  

Obtain stakeholder feedback 
regarding ePRO intervention 
through focus groups and 
individual interviews with breast 
cancer patients and breast cancer 
clinical team 

Written summaries from focus groups 
and individual interviews addressing 
any of the following issues (or other 
issues related to the ePRO intervention 
as the need arises): 

 Selected symptoms for monitoring

 Questionnaires chosen to monitor
symptoms

 Process of enrolment into ePRO
intervention

Elissa Bantug, MHS Ongoing as needed 
throughout funding 
period; schedule to be 
determined 
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 App interface

 Thresholds to define severe and
worsening symptoms

 ePRO score reports

Modify ePRO intervention based 
on feedback from stakeholders as 
needed 

To be determined Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 
emocha Mobile Health 

Ongoing throughout 
funding period as 
needed; schedule to 
be determined 

Objective 2: To implement clinical pathways guiding timely management of common symptoms identified through ePRO 
collected via mobile app during the first 6 months of adjuvant ET  

Finalize selection of symptoms for 
which evidence-based 
management pathways will be 
created 

List of symptoms for which pathways 
will be created 

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Draft management pathways for 
selected symptoms  

Draft of pathways for selected 
symptoms 

Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

January 31, 2018 

Obtain stakeholder feedback 
regarding symptom pathways 

Written summaries from focus groups 
and individual interviews with 
clinicians and breast cancer patients 

Elissa Bantug, MHS Ongoing throughout 
funding period as 
needed; schedule to 
be determined 

Link pathways to symptom alerts Develop electronic links that connect 
symptom alert message(s) sent to 
clinical team with appropriate 
pathway(s) guiding management for 
relevant symptom(s) 

emocha Mobile Health March 31, 2018 

Implement symptom management 
pathways 

Not applicable emocha Mobile Health Links to pathways will 
be sent to clinicians 
receiving symptom 
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alerts throughout the 
period during which 
patients complete 
baseline and 1,3, and 
6 month surveys (i.e. 
from approximately 
April 1, 2018-June 15, 
2019) 

Manage symptomatic patients 
according to pathways 

Not applicable Johns Hopkins breast 
cancer clinical team 

Ongoing while 
patients complete 
baseline and 1,3, and 
6 month surveys and 
for 4 weeks 
afterwards (i.e. from 
approximately April 1, 
2018-July 15, 2019).  

Describe pathway triggers # of instances each pathway is 
triggered by severe or worsening ePRO 
scores (to be summarized monthly) 

emocha Mobile Health 
Chenguang Wang, PhD 

Ongoing while 
patients complete 
baseline and 1,3, and 
6 month surveys (i.e. 
from approximately 
April 1, 2018-June 15, 
2019) 

Evaluate clinician compliance with 
pathways 

Proportion of cases in which chart 
review (or clinician query) confirms 
that any pathway-driven intervention 
was recommended within 4 weeks of 
each instance in which a severe or 
worsening symptom triggers an alert 
linked to a symptom pathway  

Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 
emocha Mobile Health 

Pathway compliance 
to be evaluated 
during period in which 
patients complete 
baseline and 1,3, and 
6 month surveys and 
for 4 weeks 
afterwards (i.e. from 



Requesting Organization:  
The Johns Hopkins University School of Medicine  
 

21 
 

Approximately April 1, 
2018-July 15, 2019).    
 
We anticipate 
reporting this 
endpoint 
approximately August 
2019. 

Describe clinical steps taken in 
response to alerts due to severe or 
worsening ePRO scores 

Chart review summarizing clinical steps 
taken in response to alerts 

Karen Smith MD MPH Clinical steps taken in 
response to alerts will 
be described at the 
same time as pathway 
compliance is 
assessed. 

Objective 3: To evaluate the 12-month adjuvant ET discontinuation rate in early stage HR+ breast cancer patients enrolled in 
ePRO symptom monitoring  
Describe ET use over time # of patients who initiate ET (according 

to type of endocrine therapy), 
proportion of patients who 
discontinue ET at each time point after 
baseline, 12-month ET discontinuation 
rate 
 
Note: patients who switch from one 
type of ET to another will not be 
considered to have discontinued ET. 
 
Note: patients who are off ET for ≥ 6 
consecutive weeks will be considered 
to have discontinued ET 
 

Karen Smith, MD MPH 
Vered Stearns, MD 
Chenguang Wang, PhD 
emocha Mobile Health 

We anticipate 
summarizing and 
analyzing this data at 
the end of the funding 
period (December 
2019).  We anticipate 
reporting our findings 
after the conclusion of 
the funding period 
(approximately 
January 2020).    
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Additional Activities (not linked to specific objectives) 
Submit IRB application requesting a 
consent waiver to review medical 
records for breast cancer patients 
prescribed adjuvant ET during the 
funding period and to summarize 
results from ePRO collection in this 
population  

Letter indicating IRB approval Karen Smith, MD MPH 
Vered Stearns, MD 
 

March 31, 2018 

Describe weight over time Summary of patient-reported weight 
at each time point 

emocha Mobile Health 
Chenguang Wang, PhD 

To be summarized by 
end of funding period 
with plan to report 
approximately 
January 2020.  

Describe adherence to ET over 
time 

Scores on Voils Measure of 
Nonadherence 

Chenguang Wang, PhD 
emocha Mobile Health 

To be summarized by 
end of funding period 
with plan to report 
approximately 
January 2020.  

Explore relationships between ET 
discontinuation, adherence, 
symptoms, weight, pathway 
compliance and 
clinical/demographic factors over 
time 

Exploratory statistical analysis emocha Mobile Health 
Chenguang Wang, PhD 
Karen Smith, MD MPH 
Vered Stearns, MD 
Claire Snyder, PhD 
Elissa Bantug, MHS 

We plan to analyze 
and report this data at 
the conclusion of the 
funding period 
(approximately 
January 2020). 

Disseminate findings Submit findings for 
presentation/publication and 
disseminate on social media  

Karen Smith, MD MPH 
Vered Stearns, MD 
Elissa Bantug, MHS 

After completion of 
funding period (early 
2020) 
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