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Abstract: Esophageal cancer (EC) patients are living longer due to enhanced screening and novel
therapeutics, however, the post-esophagectomy long-term management remains challenging for patients,
caregivers, and providers. Patients experience significant morbidity and have difficulty managing symptoms.
Providers struggle to manage symptoms, affecting patients’ quality of life and complicating care coordination
between surgical teams and primary care providers. To address these patient unique needs and create a
standardized method for evaluating patient reported long-term outcomes after esophagectomy for EC,
our team developed the Upper Digestive Disease Assessment tool, which evolved to become a mobile
application. This mobile application is designed to monitor symptom burden, direct assessment, and quantify
data for patient outcome analysis after foregut (upper digestive) surgery, including esophagectomy. It is
available to the public and enables virtual and remote access to survivorship care. Patients using the Upper
Digestive Disease Application (UDD App) must consent to enroll, agree to terms of use, and acknowledge
use of health-related information prior to gaining access to the UDD App. The results of patients scores can
be utilized for triage and assessment. Care pathways can guide management of severe symptoms in a scalable
and standardized method. Here we describe the history, process, and methodology for developing a patient-
centric remote monitoring program to improve survivorship after EC. Programs like this that facilitate

patient-centered survivorship should be an integral part of comprehensive cancer patient care.

Keywords: Esophageal cancer (EC); patient reported outcomes (PROs); mobile app; digital health; cancer

survivorship

Submitted Sep 27, 2022. Accepted for publication Mar 10, 2023. Published online Apr 25, 2023.
doi: 10.21037/jtd-22-1343
View this article at: https://dx.doi.org/10.21037/jtd-22-1343

Introduction the cancer. Thoracic surgeons are trained to perform a

Patients undergoing esophagectomy for esophageal cancer variety of procedures and approaches with limited scientific

(EC) have significant morbidity and mortality, struggle guidance of which technique yields the optimal outcome

with symptom management, and require surveillance of of extending overall survival while minimizing long-term
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consequences of technical and physiologic repercussions
from their surgery (1,2). Some patients travel long distances
to have their surgery performed at high volume hospitals,
where the mortality rate is often a third of that at centers
performing less than 20 esophagectomies a year (3-6).
Unfortunately, when those patients travel back home, their
primary providers and caregivers are often unaware of
the details of the surgery or how to manage the complex
symptoms many patients experience during survivorship
care. Local hospitals that do not specialize in these complex
surgeries further struggle with high mortality (3-6), failure
to rescue (7,8), and a higher morbidity resulting in a
lifetime of consequences and decreased quality of life for the
patient. Furthermore, in local care settings, communication
between surgical teams, primary care providers, patients,
and caregivers is often disorganized and results in significant
miscommunication and unnecessary suffering (9). The
financial, emotional, and physical impact of this breakdown
in communication and burden results in extraordinarily
high suicide (10) and depression rates (11) among EC
patients. Patients continue to struggle even 15 years from
surgery, often with severe symptoms (12). As EC patients
live longer with immunotherapy (13), enhanced screening
and diagnostic tools (14) and more options for advanced
disease, these issues are likely to become even more relevant
in a larger population.

"To address these patients’ needs and create a systematic
method for evaluating long-term outcomes after
esophagectomy for cancer, our team developed the Upper
Digestive Disease Application (UDD App), which is a
mobile health (mHealth) application available on the digital
store for iOS and Android to the public for measuring
and scoring symptoms after foregut (upper digestive)
surgery, such as esophagectomy Figure S1 (15). To better
support cancer patients through their care continuum,
survivorship care, defined as cancer surveillance with
symptom management (16), is now mandated within
National Comprehensive Cancer Network (NCCN) (17).
Coupled with a Survivorship Care Team (SCT) and
Clinical Care Charts (CCCs) of algorithmic pathways to
guide management, the UDD App facilitates monitoring
symptom burden, directing assessment, and quantifying
data for patient outcome analysis. The Centers for
Medicare and Medicaid Services and The National Quality
Forum have also mandated utilizing patient reported
outcomes (PROs) for management of patients (18). The
U.S. Food and Drug Administration utilizes PRO data to
review and approve new medications and devices and to
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regulate new technology (19). After the first digital version
was developed, we continued to collect patient feedback and
made appropriate revisions for versions two and three of the
digital tool to meet requirements mandated by NCCN, and
based on continuous patient feedback.

The purpose of this manuscript is to describe the history,
process, and methodology for developing a patient-centric
remote monitoring program to enhance survivorship
after esophagectomy for cancer. Our unique approach has
allowed us to not only measure PROs, but also to develop
a systematic and scalable approach to managing patients,
guiding choices for surgical techniques, and integrating
PRO data to enhance practice. By creating a digital
connection with patients for longitudinal care, we have
enabled an integration of services to provide comprehensive
connectivity throughout the patient experience beyond
the acute surgical intervention. For a timeline of the
development of the UDD App-guided SCT Timeline,
please refer to Figure 1 (12,15,20-28).

Self-management

Patients have indicated that the mere collection of PRO
data alone is not acceptable. They want feedback on their
scores with guidance and coaching to self-manage symptoms
based on score distribution. They find comparison to their
peers and provider expert judgement also helpful. Patients
and their caregivers indicate they desire a more objective
measure and means of determining when their symptoms
are severe, when interventions are warranted, and a tool to
demonstrate to providers their problems. Having a means
to articulate problems has been shown to enhance patient
advocacy, making it more difficult for a provider to miss a
specific issue and giving the patient a voice.

Survivorship care pathway

The survivorship care pathway begins after the initial first
patient follow-up visits and completion of the global 90-day
period, which is typically managed by a surgical team for
immediate perioperative care. Patients who have a severe
surgical complication, like a complicated leak, may enter
the program later once the acute issue has resolved if this
is beyond 90 days. Based on results of the Checkmate 577
Trial, patients who have residual active cancer identified in
the specimen or nodes at the time of esophagectomy after
neoadjuvant treatment are typically now started on adjuvant
immunotherapy (29). The survivorship schedule consists of
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Timeline 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Patient In-person scheduled monthly meetings as Focus Group Zoom, Mayo Clinic Connect, Facebook, Virtual Documentation
Symptom format and symptom-focused Support groups.
Assessment &
Management
Focus
Group &
Support Group|
Patient - Data used to inform the content of the tool, recording| - Patient member of UDD App Lab feedback - Trial
assessment of symptom frequency, severity, and caregiver - UDD App free text for feedback assessment
of tools, feedback as well. - Formal assessment during mixed methods study
design, & - Early versions of the written tool with regular user
dashboards feedback.

- Tool reviewed in the Support Group for feedback in

the form of a Focus group.

Digital None Paper Only CONDUIT' ePRO*- Wellpepper UDD App- UDD App-
Questionnaire Caravan Publicis Sapient
Domain None 5 Novel Domains” 5 Domains’ + PROMIS Mental/Physical 10 Domains + PROMIS"™
Development Health

Standardized Session 1 Session2
Cut Scores

AME Care None EC" Dysphagia|  Adult Peri-op Remaining
Pathway Survivorship Depression ERAS* 10 Care
Development Pathway Pathways
Survivorship Standard Surgical Postoperative Care 2022 SCT Program
Care

Team

Clinical Trials 20" 21° 22" 23°,24°| 25 | 26° 27" 12,15, 28°
or Publications

(ref)

Dashboard Version 1 Version 2 Version 3
Development

* Dysphagia, Reflux, Pain, Dumping-Hypoglycemia, Dumping-Gastrointestinal

** PROMIS HRQOL- physical health, PROMIS HRQOL- physical health, Weight Loss, Nausea, Pain, Dumping-Generalized, Dumping-Gastrointestinal,
Heartburn, Dysphagia, Regurgitation, Aspiration, Dyspnea

T Conduit Outcomes Noting Dysphagia/Dumping & Unknown outcomes with Intermittent symptoms over Time after esophageal surgery

* electronic Patient Reported Outcome

" Esophageal Cancer

* Enhanced Recovery After Surgery

Conclusions:

“The use of intrathoracic side-to-side stapled anastomosis in esophagectomy procedures for esophageal cancer patients proved its efficacy and safety and
the rate of postoperative dysphagia and the need of dilatation was decreased in comparison to the traditional hand-sewn anastomosis.

* By utilizing the novel comprehensive CONDUIT assessment tool, the super-charged pedicled jejunal interposition performance was found to be as well as
the gastric conduit in esophagectomy patients.

"Quality of life outcomes and postoperative symptoms in esophagectomy patients can be captured by the CONDUIT report card, a novel questionnaire that
was validated internally and can be used to assist in guiding patient care, need of intervention, and possible treatment options.

° A detailed description on how the cut scores for the CONDUIT questionnaire were identified.

“Proof that the CONDUIT tool scores can be used to identify and triage patients post esophagectomy whether they need targeted education, testing, or a
clinical intervention.

‘Based on UDD App data collected from 59 patients, discordance was found between provider evaluation and the collected data for dumping and pain.
"Shorter gastric conduit and the absence of perioperative chemoradiation were found to be positive predictors of patient-reported reflux after esophageal
reconstruction surgery.

! Esophagectomy patients continue to struggle wit postoperative reflux and dumping symptoms, even years after surgery.

'The UDD App is a feasible and validated tool to collect electronic patient reported outcomes in esophagectomy patients.

“Esophageal cancer patients undergoing complex surgeries, like supercharged pedicled jejunal interposition, will benefit from specialized care pathways
dedicated for this cohort to optimize recovery and patient outcome.

Figure 1 Timeline for development of UDD App integrated with survivor care team. UDD App, Upper Digestive Disease Application;
ePRO, electronic patient reported outcome; PROMIS, Patient-Reported Outcomes Measurement Information System; EC, esophageal
cancer; ERAS, enhanced recovery after surgery; SCT, Survivorship Care Team.

the following: Phase I Survivorship (a total program of five x 1 year then every 6 months x 1 year then every year x
years consisting of video visit + active cancer surveillance 3 years) followed by Phase II Survivorship (a lifetime of
with imaging + symptom management every 3 months self-symptom management with video visit only if needed
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Figure 2 Flow diagram of the integrated pathway of managing esophageal cancer patients through a longitudinal virtual SCT Clinic. UDD
App, Upper Digestive Disease Application; MERIT, Multidisciplinary Esophageal Surgery Recovery Initiative; CCC, Clinical Care Charts;
AME, Ask Mayo Expert; PROMIS, Patient-Reported Outcomes Measurement Information System; QOL, Quality of Life; P, physical; M,
mental; GI, gastrointestinal; HG, hypoglycemic; EHR, Electronic Health Record; HPI, History of Present Illness; SCT, Survivorship Care

Team.

+ cancer brief assessment) all of which can be remotely
monitored by the SCT. Cancer surveillance consists of a
video visit, computed tomography (CT) scan of the chest,
abdomen, and pelvis and every other year endoscopy. The
SCT sees patients by video visit and utilizes the institutional
expert-developed CCCs, which are algorithmic care
pathways developed by using a specific methodology for a
platform at Mayo Clinic called AskMayoExpert (AME) (29),
to use evidence-based medicine to guide care when a
patient has a severe/worrisome symptom/problem indicated
by a severe/poor domain score. The AME team consists of
coders, information team specialists, subject matter experts
(SMEs), expert review panels, health informaticists, and
is currently being migrated over to an Adobe platform for
knowledge management. The CCCs indicate if and when a
referral is appropriate and lists experts digitally linked within
the institution who manage problems that cannot be solved
by following the CCCs or require expert management. The
goal is to improve symptom scores through utilization of
the scores and CCCs, thus also improving overall quality of

© Journal of Thoracic Disease. All rights reserved.

life. Customized patient education material is automatically
sent to patients scoring in a yellow zone with moderate
symptoms, Figure 2 (SCT pathway). When patients are
identified to have abnormalities on their imaging or signs
of recurrence, they are evaluated with a follow-up positron
emission tomography (PET)-CT scan or other indicated
follow-up, and referrals are generated as needed if recurrent
disease is found. The cancer surveillance guide is also
guided by a CCC.

Iterative development of the questionnaire

The idea for the tool and the UDD App began when
the senior author (SHB) identified a paucity of choices
for assessment of symptoms for EC patients after
esophagectomy. In her 2007 publication (20) to identify the
best thoracic esophageal anastomosis, she discovered the
Mellow and Pinkas (30) method for scoring dysphagia, but
found the assessment to be inadequate to assess swallowing
in a comprehensive manner. As the author began to look
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at the best means to comprehensively assess all symptoms
in EC patients after esophagectomy, she identified a lack
of customized tools developed for this special population.
Thus, a focus group was formed, and symptom assessment
led to a collection of rich patient data about severity,
frequency, and interference of symptoms from the support
group over time. Newer iterations incorporated the PRO
version of Common Terminology Criteria for Adverse Events
(CTCAE) format, which focuses on assessing symptom
severity, frequency, and interference with daily life.

Patient-oriented symptom management focus
groups & support group/stakeholder engagement

We established symptom domains through stakeholder
engagement (21). The support group met every month for
eight years at Houston Methodist Hospital and included
caregivers accompanying the patients. The support group
took field trips to meet with chefs to determine best
methods for creating bespoke healthy appetizing diets for
these patients. Experts were recruited to speak on topics
of greatest patient concern. We used a measurement
framework to guide the development of a questionnaire to
assess the most important symptoms and score them. Each
domain was identified through focus group methodology,
and then survey items were created for each domain,
with constellations of symptoms (e.g., “food gets stuck in
throat”) linked to each defined problem (i.e., dysphagia) or
(e.g., “I have diarrhea after I eat sugary foods”) linked to
each problem (i.e., dumping).

Development of paper version of questionnaire
(formerly termed “CONDUIT Tool” and now “UDD
App”)

The questionnaire initially adopted the Mayo Clinic
Dysphagia and Reflux Scoring Systems (31), Mellows
and Pinkas dysphagia assessment (30), and Sigstadt’s
Dumping assessment (32) as a conglomeration of already
existing scoring tools to comprehensively build a whole
questionnaire to evaluate those domains identified by
patients to be of highest concern. Utilizing the stakeholder
engagement data, we first developed the CONDUIT
"Tool (Conduit Outcomes Noting Dysphagia/Dumping &
Unknown outcomes with Intermittent symptoms over time
after esophageal surgery), which was a paper questionnaire
that facilitated comparisons of esophageal reconstruction

© Journal of Thoracic Disease. All rights reserved.
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techniques (22). Adding Patient-Reported Outcome
Measurement Information System (PROMIS) measures (33),
we then demonstrated that the questionnaire had good
content validity and psychometric properties (24). The
tool covers the major symptoms for patients undergoing
esophageal reconstruction (e.g., reflux, dysphagia, and
diarrhea), utilizing 5 novel multi-item scales (now, 10
domains with two additional PROMIS measures) which had
good reliability, Figure 34-3C (24). We present the scores
to patients by domain and then longitudinally as domain
scores change over time.

Testing of questionnaire

Once developed, the paper-based tool was offered to
esophagectomy for EC patients from the initial institution
(Houston Methodist Hospital), and those scores allowed for
a comparison of patients after gastric interposition group to
patients after long segment supercharged pedicled jejunal
interposition (28).

Testing in a second hospital system

The questionnaire was then brought to Mayo Clinic
Rochester, where it was delivered to a small pilot group of
patients and determined to be too lengthy and cumbersome
for use in routine care. A careful implementation pathway
(Figure 2) was developed to stepwise mature the tool for
patient assessment, with an eye to standardized scoring and
implementation.

Domain development and assessment

Our research team used the tool to determine predictors
of domain scores (reflux) (27) and measure domain score
change over time with traditional surveillance methods
(NCT#02530983). This initial cohort of the 188 patients
completed 360 paper questionnaires. Mirroring the known
sex distribution of EC in the US, 80% (150 of the 188)
were male (24). With ongoing completion of the
questionnaire by eligible patients, we now have enrolled
681 patients engaged who have completed at least one
questionnaire successfully. Since the initial development
of the five domains, we have now revised the questionnaire
based on patient feedback and have added additional
questions and domains, totalling 10 domains plus two
PROMIS scales in the current version.

7 Thorac Dis 2023;15(4):2240-2252 | https://dx.doi.org/10.21037/jtd-22-1343
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9:41

Surveys

O I
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Figure 3 Domain scores comparison between the first and current versions of the UDD App. (A) 5 Domain scores as presented in the first

digital app version; (B) 12 Domain scores as presented in the current [2023] digital app version; (C) trend of scores over time in a particular

domain. GI, gastrointestinal; PROMIS, Patient-Reported Outcomes Measurement Information System; UDD App, Upper Digestive

Disease Application.

Standard-setting (setting cut-scores)

The UDD App prompts intervention for more intense
symptoms (red score), low-touch automated intervention
for mild to moderate symptoms (yellow score), and/or
reassurance with surveillance for no current symptoms
of concern (green score). The UDD App was developed
to automatically create scores for five symptom domains
[pain, dysphagia, reflux, hypoglycemic (HG) dumping, and
generalized/gastrointestinal (GI) dumping] that are salient
to esophagectomy patient care, accompanied by scoring
for general mental health (MH) and general physical
health (PH) using two well-established instruments,
PROMIS-MH & PROMIS PH. The five domain and
two PROMIS scales are automatically scored by color/
severity (red-yellow-green) and number (100-0 scale),
respectively, with color changes indicative of symptom
severity, moving from red to green (termed “Going to
Green”) as a patient’s condition improves. Utilizing a
modified Angoff Method and expert consensus, cut scores
were determined (23). After adding new domains, the
lab then conducted additional Delphi rounds to develop
new and revised cut scores for each domain, totaling
now 10 domains (pain, dumping-generalized, dumping-
gastrointestinal, heartburn, regurgitation, aspiration,
weight loss, dyspnea, dysphagia and nausea) (23).
Color-coded symptom reporting provides immediate

© Journal of Thoracic Disease. All rights reserved.

visual depiction to patients and the SCT to demonstrate
severity of scores in a user-friendly manner (Figure 2A4-2C).
We described the selection and training of panelists and
the processes they were asked to follow in order to support
defensibility of cut scores. This study was an essential
step in the process of validation of a tool that can be
used to manage patients after esophagectomy. The cut
scores derived from modified Angoff methods and expert
consensus are seen in Tables S1,S2.

Continued development of the UDD App

The original paper questionnaire was relabeled as the
UDD tool as it was expanded to address needs of foregut
disease patients. Leveraging the knowledge gained from
the above referenced studies, we then designed a mobile
application, the UDD App to administer the tool and triage
patients according to their individual scores, Figure 34-3C
and Figure S2. Three versions of the digital tool have been
developed and tested to-date.

Development of coaching and triage tools

The first group of patients completing a paper version were
scored through a Medidata Rave database and did not receive
dashboards or reports. This allowed the lab to calculate
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Score
40 60 80 100

Dysphagia I

o “| 350

Dumping-hypoglycemia - o 333
P
Reflux _| - 325
e

PROMIS-physical |

PROMIS-mental _|

,_' §}_‘ 355

Figure 4 Normative standards set against colored standardized scores. Score interpretation: green = good (no intervention needed), yellow

= moderate (candidates for targeted education), red = poor (need active intervention). Interquartile range is depicted in the light blue box.

Permission to reuse was obtained from Elsevier. GI, gastrointestinal; 0, mean; I, median; N, number of scored questionnaires.

in a natural setting how scores changed over time when
patients simply took the questionnaire without access to an
immediate dashboard, educational content and without access
to a SCT. Later groups were provided real-time access to
scoring for self-management and then access to educational
tools to improve scores over time. Through expert team
meetings with certified patient education specialists and
medical illustrators, along with SMEs for each domain,
we developed customized educational content for patients
who are suffering in a particular domain housed within a
knowledge management system termed Health Education &
Content Services (HECS) (Figure 2 and Figure S3). The mobile
application scores automatically launch targeted education
for patients who need coaching (Figures 2,34-3C) followed
by automatic reassessment for improvement. SMEs develop
CCC triage algorithms to identify what score phenotypes are
concerning for a post-operative problem that could require
intervention or assessment by the SCT, including but not
limited to stricture requiring a swallow esophagram and
possible balloon dilation, reflux requiring medical proton
pump inhibitor therapy, poor conduit emptying requiring
esophagram and possible revisional surgery (Figure 2).

© Journal of Thoracic Disease. All rights reserved.

Normative value analysis

As a prospective study analyzing adult esophagectomy
patients using the UDD tool from 2015 to 2018
(NCT02530983), 569 patients were included and assessed
for eligibility with 241 patients consented and offered the
tool (24). Of these, 188 patients (median age: 65 years;
range: 24 to 87 years; 80% male patients) completed
the questionnaire and had calculable scores. Of the 188
patients, 50 (26.6%) patients were identified as potential
beneficiaries for educational intervention to improve
symptoms (received moderate scores for a domain), and
131 (69.7%) patients were identified as needing further
testing or provider intervention (received poor scores
for a domain) based on the tool. The UDD tool scores,
when compared with standardized scales with established
preliminary normative scores, could be used to identify
and triage patients who need targeted education, further
testing, or provider interventions (Figure 4). These score
ranges served as the first set of normative standards to
aid in the interpretation of conduit performance among
providers and patients.
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Good Moderate:

I would like to take this opportunity to thank you for participating on our UDD App patient symptom monitoring
program. We are always seeking ways to improve the tool and the way we digitally present information back to you. With
that in mind, we would like to ask you to please let us know your preference for how you would like to see information.

When we present your symptoms, how would you prefer to see them?

When we present a single symptom over time, how would you prefer to see that?

[l1d

Figure 5 Sample questionnaire utilizing dashboard customer experience research. GI, gastrointestinal; UDD App, Upper Digestive Disease

Application.

Dashboard development and presentation of
contextual scores

As the various versions of the UDD App were developed,
patient selection of preferred dashboard features allowed
designers to make easy-to-read metrics that allowed patients
to evaluate scores of their domains from an individual
time point and then longitudinally as their scores changed
over time. Continuous feedback on both the items and the
dashboards allowed continuous improvement with a patient-

centric development plan. Patients also gave feedback on

© Journal of Thoracic Disease. All rights reserved.

the initial coaching tool that explains the color-coding
system (Figure S4). Plans are currently underway to conduct
surveys to determine which contextual items from the
survey are relevant and helpful when presenting numerical
domain scores and their standardized color-coded severity
score. The customized patient dashboard was developed
with patients selecting, through customer experience
research (Figure 5), those scales easiest to interpret and
follow, including for patients who are color-blind. The
newest version of the App has been translated into Spanish
and a pilot test for Spanish-speaking individuals is planned.
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Mixed methods analysis of the UDD App
To assess feasibility and acceptability of the UDD App,

we conducted a single arm pilot study of esophagectomy
patients who were instructed to download the UDD App.
A mixed methods approach, including quantitative and
qualitative post-study interviews, was utilized over the year
during 2020, including 50 esophagectomy patients who met
criteria and consented to participate. Of those consented
to use the UDD App, 98% (49/50) successfully completed
the entire digital questionnaire establishing feasibility
(threshold defined as the lower bound of the exact binomial
one-sided 95% confidence interval (CI) is 90.9%, and 98%
exceeds the feasibility threshold of 90%). There were 109
questionnaires from the 50 patients (with 62% of patients
voluntarily returning during the study duration to re-test
without being prompted, demonstrating engagement and
retention of patients), and 32 patients were contacted for
telephone interviews. Most participants (23, 72%) self-
identified as having high computer literacy. Aside from
reporting domain scores, all patients reported that using
the smart phone UDD App was easier than or equivalent
to the traditional paper approach, providing evidence
of acceptability for the use of remote electronic patient-
reported outcome (ePRO) monitoring. Acceptability (15)
was also demonstrated by analysis of structured telephone
interviews, where patient reports were assessed with
thematically analyzed interviews, which revealed (I) the
value of identifying problems through use of the UDD App
to raise symptom awareness, (II) enhanced communication
with providers and caregivers, (III) the potential for
the UDD App to stay connected to the care team, (IV)
enhanced convenience for patients, with patients able to
be monitored without having to return for costly visits or
take time off work to return for evaluation, (V) concerns
about privacy, and (VI) a desire for more personalized
digital engagement tools. A high compliance rate confirmed
the UDD App as a reliable tool for patients to monitor
symptoms and function after esophagectomy (15).

Criterion validity assessment of the patient
scores compared to provider scores
demonstrated variable agreement

A sample of prescreened patients presenting after
esophagectomy were enrolled in a prospective clinical
trial (NCT02530983) offering the UDD App just before
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a thirty-minute visit with a provider to establish criterion
validity. Providers were given score sheets to concurrently
rate patients in the same five symptom domains based on
their clinical evaluation after the visit with the patient.
Agreement between PROs using the UDD App and
provider responses were assessed using the weighted kappa
statistic. The magnitude of agreement between patients and
providers was moderate for dysphagia (x=0.52, P<0.001)
and reflux (x=0.42, P<0.001), but disparate when assessing
dumping-HG (x=0.03, P=0.148), dumping-GI (x=0.02,
P=0.256) and pain (xk=0.05, P<0.184) (Figure 6). While there
was satisfactory agreement between PROs and provider
evaluation of dysphagia and reflux following esophagectomy,
there was discordance for dumping-related symptoms and
pain. Clinicians may underestimate the severity of these
problems. The UDD App may provide an opportunity for
more accurate and remote assessment with monitoring that
supersedes an isolated provider assessment (26).

Predictors of patient-reported reflux after
esophagectomy

A retrospective study assessed patients who were at
least six months after reconstruction with a gastric
conduit and who had completed at least one UDD
App questionnaire (2015-2018). Of 110 patients with a
median age of 65 years, 80% male, 95% with malignant
disease, 71% treated with perioperative chemoradiation,
a multivariable linear regression analysis revealed
patient reported reflux (UDD App score was in the red
zone) was significantly worse in specific patient groups.
Helping us to better understand why patients are at risk
for poor domain scores, we discovered the absence of
perioperative chemoradiation therapy (P=0.02), and a
shorter gastric conduit length (P=0.02) were the main
predictors of UDD App patient reported severe (poor)

reflux scores after esophagectomy (27).

Assessment of complex surgical interventions

Specific interventions, like the complex esophageal
reconstruction long segment supercharged jejunal
interposition (SPJ), have been assessed using the UDD App
(26,28). Continuing to monitor and manage symptoms over
time utilizing the tool to deliver the patient into the green
zone would be the task of a SCT for a variety of patients,
extending beyond esophagectomy.
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Figure 6 Kappa statistic with provider/patient scored aligned by domain. Permission to reuse was obtained from Elsevier. GI, gastrointestinal.

Long-term survivor PRO data analysis after
esophagectomy

From 2000 to 2011, EC survivors after esophagectomy
were sent the UDD questionnaire via their choice of a
paper version or digital enrollment to determine domain
scores long-term, and to determine self-management
and engagement with the tool. Many of these patients
had been lost to follow-up or were no longer followed
by their providers. From this analysis of 895 patients, a
total of 329 surviving patients were assessed for eligibility
(NCT#02708303). Recent contact information was available
in 119 patients who were offered enrollment into the trial
by mail with consent forms and instructions to complete the
questionnaire. Of those, 92/119 (77%) patients consented
and completed the UDD App. The most recent version of
the questionnaire was answered by 66/92 patients and the
majority of participants were males (n=51, 77%) (and in
keeping with EC demographics) with a mean age of 57 (+7)
years. Of these patients, more than a third completed two
sequential questionnaires (39%) without provider initiation
or coaching. Almost a third of these respondents continued
to suffer from severe reflux and dumping ten years or more
from esophagectomy, providing more evidence that patients
continue to struggle during long-term survivorship which
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we will investigate in our future pragmatic trial (Figure S5).

Engagement/retention of patients

Today, more than 701 esophagectomy patients have
engaged in completion of either a paper version, web-
based version, or digital smartphone/tablet version of the
UDD App. Of this number, 556 are currently using the
UDD App, with 41 patients who began with a paper version
successfully transitioning to a digital version. The majority
of patients who continue to engage with the app have
symptoms in the yellow or red category and are actively
being educated or managed by the SCT to improve scores.
Retention of subjects enrolled in the app remains high
(90%), demonstrating on-going patient engagement with
this meaningful mHealth tool.

Championing domain score management

Mayo Clinic’s AME program, existing within a knowledge
management platform administered by the Center of Digital
Health, includes a multitude of features, such as CCCs,
hyperlinks to resources, expert lists for contact, guidelines
and resource lists, links to patient education, and clinical
trial lists. This resource provides caregivers (like SCT5s) the
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resources to provide consistent and quality care across an
enterprise. Anyone visiting “AskMayoExpert.mayoclinic.
org” can view publicly available AME COVID-19 content
as of April 17, 2020. This access has been leveraged by
Mayo Clinic Laboratories and partners including Epic and
Google, furthering Mayo Clinic’s mission to discover, apply,
and share knowledge during the COVID-19 pandemic.
Launching the UDD App at no charge to the public on
the App Store additionally delivers on the mission to serve
patients beyond the walls of the hospital.

There are currently 13 Domain Management AME Care
Pathways that are either developed or underway to facilitate
management by the SCT. These include EC survivorship
care in general (linking the CCCs and providers to the
UDD App), PROMIS-Health-Related Quality of Life
(HRQoL) Physical Health Overall, PROMIS-HRQoL
Mental Health Overall (34), Weight Loss/Protein
Malnutrition, Dumping (Generalized and GI) (35),
Heartburn, Regurgitation, Pain (including specifically a care
pathway for Post-thoracotomy Pain Syndrome), Dysphagia,
Nausea, Aspiration, and Dyspnea/Breathlessness. The
flow diagram for patients going through SCT pathway
(Figure 2) includes phases of quality improvement projects.
The programs include an initial enhanced recovery after
surgery (ERAS) pathway for preoperative and immediate
postoperative care Multidisciplinary Esophagectomy
Recovery Initiative Team (MERIT 1.0), remote post-
discharge monitoring (MERIT 2.0a), and survivorship care
(MERIT 2.0b). This manuscript describes the evolution of
the MERIT 2.0b program.

Strengths and limitations

The UDD App has many strengths, including delivering
to the patient a tool to identify problems, enhance
communications with their care team and triage symptoms.
This communication and assessment tool enables
standardized scoring of symptoms for clear delineation into
categories of severity. The tool is available to anyone for
free. Results can be exported in a .pdf format by email to
other providers. The UDD App currently has limitations: (I)
the App has predominately undergone a single institution
validation, and it is in the process of being tested on a
global scale. As the application is now available to the
public, it is accessible to anyone worldwide and this will
enable us to acquire an external validation. (II) A patient
might be suffering from a problem within a timepoint but
does not complete a questionnaire at that instance due to
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the fact that a questionnaire is not due at that time. Our
solution involves a feature of patient-initiated query beyond
the regular scheduled interval. (III) The inaccessibility to
a mobile device or internet still poses a problem to many
patients. We try to either provide a tablet or a paper version
to complete a questionnaire during their scheduled clinic
visit.

Conclusions

In summary, development of the UDD App ePRO Tool as
an integrated part of a survivorship program to facilitate
virtual and remote patient access providing longitudinal care
to a population that was previously unattended and suffering
with significant disease burden is described using User
Experience research methodology. PRO data collection
should be derived from patient needs and extensive
patient-oriented analysis. The same methodology should
be employed to create domain dashboards as an iterative
process with continuous patient and provider feedback. PRO
data collection without reporting back to the patient and
offering symptom management or tools for improvement
is useless to patients and is a significant additional task
burden. Patients deserve to know their scores, have them
presented in a meaningful and interpretable manner, and
then have guidance of how to improve scores. Programs
such as these should be an integral part of comprehensive
cancer patient care, as mandated by the NCCN, American
College of Surgeons (ACS) Commission on Cancer, and
American Society of Clinical Oncology (ASCO). Surgeon
and multispecialty involvement in the longitudinal care
of patients is critical to enhancing understanding of the
impact of techniques, approaches, interventions, and digital
technology. Collecting data about PROs enable machine
learning algorithms to be employed to facilitate assessment
and improvement in care. Sharing lessons learned and best
practice in this area can facilitate adoption and patient-
centered program development, potentially reaching
underprivileged and previously underserved populations.
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