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Background: Patients with head and neck cancer (HNC) experience painful, debilitating symptoms and
functional limitations that can interrupt cancer treatment, and decrease their health-related quality of life
(HRQoL). The Electronic Patient Visit Assessment (ePVA) for head and neck is a web-based mHealth
patient-reported measure that asks questions about 21 categories of symptoms and functional limitations
common to HNC. This article presents the development and usefulness of the ePVA as a clinical support
tool for real-time interventions for patient-reported symptoms and functional limitations in HNC.
Methods: Between January 2018 and August 2019, 75 participants were enrolled in a clinical usefulness
study of the ePVA. Upon signing informed consent, participants completed the ePVA and the European
Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ)
general (C30) questionnaire v3.0 (scores range from 0 to 100 with 100 representing best HRQoL). Clinical
usefulness of the ePVA was defined as demonstration of reliability, convergent validity with HRQoL, and
acceptability of the ePVA (i.e., >70% of eligible participants complete the ePVA at two or more visits and
>70% of ePVA reports are read by providers). Formal focus group discussions with the interdisciplinary team
that cared for patients with HNC guided the development of the ePVA as a clinical support tool. Qualitative
and quantitative methods were used throughout the study. Descriptive statistics consisting of means and
frequencies, Pearson correlation coefficient, and Student’s t-tests were calculated using SAS 9.4 and STATA.
Results: The participants were primarily male (71%), White (76%), diagnosed with oropharyngeal or oral
cavity cancers (53%), and undergoing treatment for HNC (69%). Data analyses supported the reliability
(alpha =0.85), convergent validity with HRQoL scores, and acceptability of the ePVA. Participants with
the highest number of symptoms and functional limitations reported significantly worse HRQoL (sum
of symptoms: r=—0.50, P<0.0001; sum of function limitations: r=—0.56, P<0.0001). Ninety-two percent of
participants (59 of 64) who had follow-up visits within the 6-month study period completed the ePVA at two
or more visits and providers read 89% (169 of 189) of automated ePVA reports. The use of the ePVA as a
clinical support tool for real-time interventions for symptoms and functional limitations reported by patients
is described in a clinical exemplar.

Conclusions: This research indicates that the ePVA may be a useful mHealth tool as a clinical support tool
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for real-time interventions for patient-reported symptoms and functional limitations in HNC. The study

findings support future translational research to enhance the usefulness of the ePVA in real world settings for

early interventions that decrease symptom burden and improve the QoL of patients with HNC.
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Introduction

Head and neck cancer (HNC) is composed of subtypes of
tumors that occur in the lip, oral cavity, pharynx, larynx,
and paranasal sinuses. The estimated incidence of HNC
in the United States (US) has grown from 53,640 in 2013
to 65,410 in 2019. This increase is attributed to the rising
incidence of oropharyngeal cancer associated with human
papillomavirus (HPV) (1-3). The 5-year survival rate in
HNC has also improved, increasing from 53% in 1979
to approximately 70% in 2011 (4). This improvement is
partially the result of the survival benefit seen in persons
diagnosed with oropharyngeal cancer associated with HPV
infection. It is also the result of the increased intensity
of treatment, with the addition of chemotherapy to
radiation therapy and surgery (3,5,6). In general, 60% of
those diagnosed with HNC will have locally or regionally
advanced disease and receive a combined treatment of
surgery, radiation and chemotherapy (7).

During treatment, patients with HNC experience
severe symptoms and associated functional limitations,
leading to difficulty swallowing, impaired eating, and
hospitalization for feeding tube placement (8). Up to 50%
of patients experience painful and debilitating oral ulcers
during radiation therapy, which are susceptible to increased
colonization of microorganisms (9). The loss of mucosal
integrity universally results in levels of pain for which even
opioids may not be effective and places patients at risk for
focal secondary infections, bacteremias, and sepsis (10).

These treatment-induced symptoms and associated
functional limitations can lead to malnutrition and weight
loss, which cause poor treatment tolerance, delays or
premature cessation in treatment, hospitalizations, or
lower quality of life (QoL) (11-15). Managing symptoms
and functional limitations during active treatment to
avoid poor outcomes and a lesser QoL requires close
monitoring of patients with frequent visits during
treatment. After completion of treatment, patients are at
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risk for long-term symptoms and functional limitations,
such as dry mouth, voice changes, difficulty swallowing,
lymphedema, fibrosis at the treatment area, difficulty
moving the neck and shoulders, and decrease in daily
activities (8,16,17). Managing these symptoms is complex
and involves integrating specialty services such as palliative
and rehabilitation services. Using pragmatic mHealth
technology for early detection of symptoms and functional
limitations in HNC has the potential to improve patients’
QoL and possibly survival.

Evidence is mounting as to the clinical usefulness of
mHealth technology, such as real-time electronic patient-
reported outcomes (ePROs) measures, to improve the
symptom burden, QoL, and survival in patients with
cancer (18-21). In the emerging and dynamic team-based
approach to delivering cancer care, collecting ePROs
provides longitudinal monitoring of treatment of adverse
effects, disease complications, functional limitations, and
psychological states throughout the cancer therapy for all
providers to use. Two randomized clinical trials compared
ePRO measures versus standard care for patients either
undergoing cancer treatment or lung cancer surveillance.
These studies found that ePROs were cost-effective
methods that were associated with a significantly better
QoL and survival (18,19). Systematic reviews point to
possible mechanisms for the clinical usefulness of patient-
reported measures. These mechanisms include increased
patient and clinician awareness of symptoms and improved
communication between patients and clinicians that helps
patients avoid emergency room visits and hospitalizations
(22,23). Hallmarks of effective patient-reported measures in
cancer are brevity (i.e., completed in less than 10 minutes),
tailored to the patient, and tailored to the type of cancer (22).
An ideal ePRO platform is clinically relevant, validated,
reliable, and would offer patient and provider usability.
Thus, to be clinically useful, patients and providers must
accept the technology, demonstrated by their usage
behavior (24,25).
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The Electronic Patient Visit Assessment (ePVA)®
for HNC, using mHealth technology, was developed
for patients to report their symptoms and functional
limitations. The ePVA has a user-friendly interface with the
ability to collect real-world data longitudinally that can be
used to identify patients who may benefit from real-time
interventions that can optimize patients’ health-related
quality of life (HRQoL). The purpose of this paper is to
present the development and usefulness of the ePVA as a
clinical support tool for real-time intervention for patient-
reported symptoms and functional limitations in HNC. The
hypothesis for this study was the ePVA would be considered
ready for further implementation if greater than 70% of
eligible participants and providers demonstrated acceptance
of the ePVA. The specific aims of this paper were to: (I)
describe the development of the ePVA as a clinical support
tool, (II) determine the usefulness of the ePVA, and (III)
describe the use of the ePVA for real-time interventions in
HNC practice through a clinical exemplar. We present the
following article in accordance with STROBE guideline
for observational studies (26,27). We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/mhealth-19-250).

Methods
Framework and design

This observational cohort study was designed to determine
the usefulness of the ePVA as a clinical support tool for
HNC. The theoretical framework guiding this study was
the Technology Acceptance Model (24,25,28). This model
shows that perceived ease of use and perceived usefulness
influence the end user’s acceptance of technology. To be an
effective clinical tool, the patient-reported measure should
adequately capture patients’ symptoms and functional
limitations and demonstrate acceptability by patients and
providers. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
reviewed and approved by the NYU Perlmutter Cancer
Center Protocol Review and Monitoring Committee and
NYU Langone Health School of Medicine Institutional
Review Board (s16-01308, s16-02037) and informed
consent was taken from all individual participants.

Setting and participants

The study was conducted at a National Cancer Institute
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(NCI)—designated Comprehensive Cancer Center in the
northeastern US. The study population was a convenience
sample of persons diagnosed with HNC. Based on
recruitment during a prior usability study of the ePVA (29),
the study team anticipated enrolling between 50 to 90
participants. The ePVA includes items addressing both acute
and chronic symptoms; therefore, to determine the usefulness
of the ePVA, the study team purposefully recruited patients
receiving cancer treatment and patients who had completed
treatment at time of enrollment. The inclusion criteria
also consisted of 18 years and older and English speaking.
Exclusion criteria were conditions that prevented informed
consent and inability to comprehend English.

Procedures

Between January 2018 and August 2019, 138 persons
diagnosed with HNC were approached during or after
completion of cancer treatment (see Figure I). Two people
were ruled as ineligible for the study because of pre-existing
medical conditions, and 58 people declined to enroll.
The primary reasons that people declined to enroll in the
study were lack of time (40%) or did not feel well enough
to participate (28%). Seventy-eight people consented to
participate in the study. Three people did not complete
the ePVA because of complications from either the HNC
or other medical conditions, and judged as screen failures.
Ultimately, 75 people participated in the study, consisting
of 69% who were receiving cancer treatment (52 of 75) and
31% who had completed treatment (23 of 75) at enrollment.
Based on observational data, there were no significant
differences in sex, race, or ethnicity between those who
consented and those who declined.

After informed consent, during the same oncology
visit, participants completed the ePVA questionnaire (29),
followed by the European Organization for Research
and Treatment of Cancer (EORTC) Quality of Life
Questionnaire (QLQ-C30) version 3.0 (30), using handheld
digital devices with touchscreen technology. Of the 75
participants enrolled in the study, 69 completed both the
ePVA and the EORTC. Six participants completed only the
ePVA because of time constraints or fatigue. The study team
approached participants who had follow-up visits within
the 6-month study period to determine their willingness
to again complete the ePVA. The team’s goal was to
collect data at the participants’ next visit to identify data
trends and collect longitudinal data. However, due to the
nature of the treatment for HNC (i.e., intensity of a multi-
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Number of
participants identified
for possible
enrollment N=138
Number of
— > | participants who
Y screened out N=2
Number of
participants
approached about
enrollment in study
N=136
Number of
participants who
v declined to enroll
N=58
Number of
participants enrolled
in study N=78
Number of screening
v failures N=3
Number of
participants
completing ePVA
N=75 Number of
participants unable to
—— > | complete EORTC from
Y fatigue or time
Number of constraints N=6
participants
completing both
ePVA and EORTC
N=69

Figure 1 Participant enrollment. ePVA, Electronic Patient Visit
Assessment; EORTC, European Organization for Research and

Treatment of Cancer.

modality treatment associated with adverse effects), the
protocol allowed the flexibility of collecting this data within
a 6-month time period without being a “deviation” to the
protocol. This provided an opportunity for the study team
to accommodate patients’ needs, record reasons for delays
in collecting data, and establish optimal data time points in
preparation for larger studies. All participants enrolled in
the study received $10 gift cards. To determine their usage
behavior in real world clinical settings, participants were
not reimbursed for completing follow-up surveys.

On completion of the ePVA, the participants’ responses
were stored on an encrypted server, downloaded to an
ePVA report template, and automated to the HNC care
team in an encrypted email. Providers acknowledged
receipt of the ePVA reports by sending an encrypted email
to the study team. The study team also verbally notified
the HNC care team of any items that were considered
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actionable (e.g., difficulty breathing). The HNC care team
used the ePVA reports to implement real-time clinical
interventions according to their clinical judgment and
knowledge of the participants. These interventions included
scheduling follow-up visits for symptom assessment, pain
medication adjustment, and referrals to specialized services
(e.g., social work, rehabilitation). The study team recorded
all completions of the ePVA and providers’ responses
on Microsoft® Excel® databases and stored on encrypted
servers. Participants did not receive the ePVA reports.

Development of the ePVA as a clinical support tool

ePVA

The ePVA has been described elsewhere (29). Briefly,
the ePVA is a web-based mHealth tool patient-reported
measure that asks questions about 21 categories of symptoms
and functional status limitations common to HNC (i.e.,
pain, eye, ear, nasal, mouth, voice, fibrosis, edema, skin,
gastrointestinal, fatigue, limitation in movement, sleep,
breathing, difficulty eating or drinking, swallowing,
communication, social activities, anxiety, depression, and
daily activities). In total, the ePVA consists of 42 items to
assess symptoms, 17 items to assess functional limitation, and
text boxes for patients to type free text. The ePVA is built on
a highly flexible web-based platform. The format contains
conditional items to provide a tailored questionnaire that
aligns with the patient’s health state. The underlying theory
that guided the development of the ePVA is that symptoms
and functional status affect patient outcomes, such as QoL
(29,31). Findings from a previous usability study of the
ePVA indicated acceptable reliability (alpha =0.82-0.85), and
convergent validity with HRQoL (29).

Development of the ePVA as a clinical support tool
Formal focus group discussions with the interdisciplinary
team that cared for patients with HNC occurred during
the early stages of the development of the ePVA. The
interdisciplinary team consisted of nurses, physician
assistants, social workers, speech therapists, occupational
therapists, physical therapists, and nutritionists. The
interdisciplinary team reviewed aggregated ePVA data from
a prior usability study (29), and confirmed that the ePVA
provided additional information that helped providers care
for patients. Thus, the HNC team asked to receive the
ePVA reports in real-time. To this end, the ePVA began to
be used as a clinical support tool to inform clinical decisions
about symptom management.
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Step 4 Step 5 Step 6
Clinical decisions
regarding palliative
interventions for
symptoms and
function issues

Head and neck
cancer team
synthesizes ePVA
report with their
knowledge of
patient

Head and neck
cancer team reads
ePVA report;
sends email to
acknowledge

Events occur over ~20 minutes to facilitate real-time interventions

ePVA can be completed between visits, while waiting for oncology visits or during chemotherapy infusions

Figure 2 Protocol for using the ePVA for real-time interventions. ePVA, Electronic Patient Visit Assessment.

In collaboration with the interdisciplinary care team,
the study team developed a protocol to guide the use of the
ePVA as a clinical support tool. According to this protocol,
the data collected with the ePVA are reported to the care
team immediately after the participant completes the ePVA
(See Figure 2). The protocol also specifies that the ePVA
data collected from patients undergoing chemotherapy are
sent to the care team before participants leave the cancer
center. The study team verbally contacts the care team
when patients indicate critical symptoms (e.g., new onset
of dyspnea). Using this protocol, the care team can make
clinical interventions in real-time using ePVA data.

Variables

Clinical usefulness
The following variables were used to examine the usefulness
of the ePVA as a clinical support tool for real-time
interventions for patient-reported symptoms and functional
limitations in HNC.

Symptoms and functional limitations

Patient-reported symptoms and functional limitations
were collected using the ePVA. Symptoms were defined as
the multidimensional experience of perceived indicators
of abnormal biological or physiological changes (31-33).
Function was defined as activities people do to meet daily
needs, interact with friends and family, perform work, and
maintain their health and well-being (34). The ePVA items
consist of binomial questions (yes/no), representing the
participants’ perception of the presence or absence of the
symptom or functional limitation. A sum of items was used
for analyses. Reliability of the ePVA as a patient-reported
measure of symptoms and functional limitation was
estimated using the Kuder-Richardson Formula 20 measure

© mHealth. All rights reserved.

for questionnaires with binary variables (35). Convergent
validity of the ePVA with HRQoL was evaluated by
correlating the sum of symptoms and functional limitations
with the EORTC QLQ-C30 global QoL/health scale

scores.

HRQoL

HRQoL was measured by the EORTC QLQ-C30 global
QoL/health scale. HRQoL was defined as the global
and QoL aspects related to health (30,36). The EORTC
QLQ-C30 global QoL/health scale is a frequently used valid
and reliable measure in HNC studies. This subscale consists
of two items that ask patients to rate their overall health and
overall QoL on a scale from 1 (very poor) to 7 (excellent).
The health and overall QoL ratings were summed then
transformed to a scale ranging from 0 to 100, with 100
representing best HRQoL. Prior research has demonstrated
that EORTC QLQ-C30 global QoL/health scores at 6
and 9 months after diagnosis of HNC are predictive of
participants’ survival at 10 years after diagnosis (37).

Acceptability of the ePVA

Participant acceptability was measured as the proportion
of those who completed the ePVA within 6 months of
study enrollment (numerator) to the number who had two
or more oncology visits during the duration of the study
[i.e., 6 months (denominator)]. Provider acceptability was
measured as the proportion of ePVA reports that one or
more members of the HNC team acknowledged receiving
by email (numerator) to the number of ePVA reports sent
to the HNC care team (denominator). Acceptability was
defined as the usage behavior of end-users (participants and
providers) (24,28). The goal was that greater than 70% of
participants answered the ePVA at two or more oncology
visits within a 6-month period and the HNC care team read
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greater than 70% of ePVA reports.

Analysis

Qualitative and quantitative methods were used throughout
the study. Descriptive statistics, consisting of means
and frequencies, were conducted. Pearson correlation
coefficient was used to determine the correlations between
the EORTC QLQ-C30 global QoL/health scale and the
sum of symptoms, functional limitations, and total number
of symptoms and function limitations. Student’s #-tests
were used to calculate the association between the EORTC
QLQ-C30 global QoL/health scale and the categories of
symptoms and functional limitations. All statistical analyses
were performed on SAS 9.4 and STATA using complete
case analysis.

After informed consent, discussions of the focus groups
of interdisciplinary HNC team were audio recorded, and
transcribed. Two authors JVC, EL) used content analysis of
the recorded focus group conversations to identify themes
and principles that guided the development of the ePVA as a
clinical support tool (38,39). The two authors discussed any
disagreements until they achieved consensus. To provide an
audit trail and ensure the reliability of decisions, the authors
documented their decisions in Microsoft Office® Excel®
and Word® programs. All results were confirmed with the
interdisciplinary HNC team.

Results

The study population consisted of 75 participants who
answered the ePVA for a total of 189 completions (see
Tuble 1). The participants were primarily male (71%), White
(76%), Not Hispanic or Latino (69%), diagnosed with
oropharyngeal or oral cavity cancers (53 %), and undergoing
treatment for HNC at the time of enrollment into the study
(69%). For participants enrolled in the study, the treatment
for HNC mainly consisted of a combination of surgery,
radiation therapy, and chemotherapy (81%). At enrollment,
participants were symptomatic, reporting on average 8.4+5.3
symptoms and 4.4+3.0 function limitations.

Clinical usefulness

Reliability and convergent validity of the ePVA

Using Kuder and Richardson Formula 20 reliability
measure (35), the data indicated acceptable reliability of
the ePVA (alpha =0.85). Data from 69 participants who
completed both the ePVA and the EORTC QLQ-C30
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global QoL/health scale supported the convergent
validity of the ePVA with HRQoL. Correlation analyses
revealed that participants reporting the highest number
of symptoms and functional limitations also reported
significantly decreased EORTC QLQ-C30 global QoL/
health scores. This finding indicates that participants with
the greater number of symptoms and functional limitations
on average experienced worse HRQoL (sum of symptoms:
r=—0.50, P<0.0001; sum of functional limitations: r=—0.56,
P<0.0001, sum of symptoms and function limitations:
r=—0.57, P<0.0001) (See Tuble 2).

We also conducted Student’s z-test analyses to identify
the categories of the symptoms and functional limitations
that had a strong association with participants’ perception
of HRQoL. These analyses found participants that reported
their current health limited their social activities averaged
the lowest EORTC QLQ-C30 global QoL/health scores
(limited social activities: mean =60.5, t=4.6, P<0.0001). This
finding indicated the strong effect of social isolation on
participants’ perception of their HRQoL (see Table 3).

Acceptability

Participants

The ePVA met the study goal for participant acceptance.
Among 75 participants enrolled in the study, 64 participants
had follow-up visits within 6 months of study enrollment.
Among these 64 participants, 92% (59 of 64) completed the
ePVA at one or more subsequent follow-up visits within the
6-month study window. The six participants who did not
complete the ePVA at subsequent visits were experiencing
disease progression or treatment complications. The
key to this high rate of completion of the ePVA was the
study team’s accommodation of participants’ needs during
treatment—22% (13 of 59) of those who completed
the ePVA at multiple visits deferred at least once until a
more convenient time. Participants’ reasons for the delay
in completing the ePVA were primarily because of side
effects related to cancer treatment (e.g., fatigue, nausea) or
schedule conflicts (e.g., transportation, time of treatments).

Providers

The ePVA met the study goal for provider acceptance.
After participants completed the ePVA, 189 reports were
automated to the HNC team. Providers acknowledged
reading 89% (169 of 189) of ePVA reports. The proportion
of ePVA reports read by the HNC team increased over
time. For example, among the last 10 participants enrolled
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Table 1 Participant characteristics (n=75 participants)
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Variables Mean + SD/n Range/percentage
Age, years 62.2+11.3 33—>90
Sex

Male 53 1%

Female 22 29%
Race

White 57 76%

Black or African American or other 18 24%
Ethnicity

Not Hispanic or Latino 52 69%

Hispanic or Latino of any race, unknown or not reported 23 31%
Marital status

Never married 19 25%

Married 32 43%

Divorced or other 24 32%
Cancer location

Oropharynx or oral cavity 40 53%

Larynx and other sites 35 47%
Stage

| 8 1%

Il 10 13%

1 17 23%

IVA/IVB 23 31%

Metastatic, recurrent, or unknown 17 23%
Treatment

Single therapy (surgery. radiation therapy, chemotherapy, 14 19%

immunotherapy) or surgery + radiation therapy

Combined chemotherapy and radiation + immunotherapy 33 44%

Surgery, chemotherapy and radiation therapy 28 37%
In treatment

Enrolled during treatment 52 69%

Enrolled post-treatment 23 31%
Number of symptoms at enrollment 8.4+5.3 0-23
Number of function limitations at enroliment 4.4+3.0 0-12
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Table 2 Correlation between sum of symptoms, functional limitations, and HRQoL scores' (n=69)

Sum of symptoms and Sum of functional

Variables HRQoL score functional limitations limitations Sum of symptoms
HRQoL score 1.00 - - -

Sum of symptoms and functional limitations -0.57** 1.00 - -

Sum of functional limitations -0.56"** 0.85"** 1.00 -

Sum of symptoms -0.50**** 0.96**** 0.66**** 1.00

T, HRQoL scores calculated with EORTC QLQ-C30 global Qol/health scale. ***, P<0.0001. HRQoL, health-related quality of life; EORTC,
European Organization for Research and Treatment of Cancer; QLQ, Quality of Life Questionnaire.

Table 3 Relationship between ePVA categories of symptoms, functional limitations, and HRQoL scores' (n=69)

HRQoL score: without ~ Number of respondents HRQoL score: with Number of respondents
Variables symptom or functional without symptom or symptom or functional with symptom or
limitation, mean (SD) functional limitation, n limitation, mean (SD) functional limitation, n

Pain** 82.8 (14.2) 29 64.4 (18.8) 40

Eyes 73.8(17.8) 43 69.2 (21.4) 26

Ears 73.5 (19.5) 38 70.4 (19.1) 31
Nasal** 78.3 (16.3) 35 65.7 (20.1) 34
Mouth*** 89.1 (9.1) 13 68.2 (18.7) 56
Voice* 76.9 (17.0) 36 66.9 (20.6) 33

Skin 73.1(20.0) 44 70.3 (18.6) 25
Fibrosis 71.6 (19.4) 46 73.2 (19.3) 23
Swelling 75.4 (19.3) 41 67.3 (18.4) 28

GI** 78.7 (19.2) 34 65.7 (17.2) 35
Fatigue™* 84.6 (15.6) 20 67.0 (18.3) 49
Limited movement in face, 73.0 (18.2) 51 69.4 (22.1) 18

neck, shoulders, trunk, limbs

Sleep* 78.5(18.6) 31 66.9 (18.3) 38

Eat™~ 79.8 (15.6) 38 62.6 (19.2) 31
Swallow 75.6 (17.2) 43 66.3 (21.3) 26

Breath 73.7 (18.1) 58 63.6 (23.4) 11
Communicate 74.4 (18.9) 54 63.9 (18.5) 15
Limited social activities™** 79.6 (17.6) 42 60.5 (15.8) 27
Anxious*™ 78.9 (18.0) 32 66.2 (18.5) 37
Depressed* 78.3 (17.8) 41 63.1 (17.9) 28

Daily activities™ 78.3 (16.4) 38 64.5 (19.9) 31

T HRQoL scores calculated with EORTC QLQ-C30 global Qol/health scale. *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. ePVA,
Electronic Patient Visit Assessment; HRQoL, health-related quality of life; EORTC, European Organization for Research and Treatment of
Cancer; QLQ, Quality of Life Questionnaire.
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in the study, providers acknowledged receipt of 100% (21
of 21) of the ePVA reports.

Clinical exemplar

This clinical exemplar, based on observations and anecdotal
events, describes the use of the ePVA as a clinical support tool.

Initiation of treatment

Mr. G is a 62-year-old male diagnosed with stage II
oropharyngeal cancer. The treatment plan consisted
of three cycles of Cisplatin chemotherapy and 7 weeks
of daily radiation therapy. On the day that he began
chemotherapy and radiation therapy, Mr. G completed the
ePVA before starting treatment. Using the ePVA, Mr. G
reported experiencing mild pain at the mouth, rated 3 on
a scale between 0-10 (10 is worst), described as soreness.
However, he also reported anxiety and depression. The
HNC care team reviewed the ePVA data with Mr. G. They
confirmed with Mr. G that acetaminophen was adequate
pain medication for now. The HNC care team contacted
the social worker, who visited with Mr. G during his initial
treatment visit. The social worker stated that Mr. G’s
anxiety and depression is appropriate for a new diagnosis of
cancer. However, the social worker planned to continue to
monitor Mr. G throughout the treatment.

During cancer treatment

Mr. G completed the ePVA during week 5 of 7 of radiation
treatments. He scored his pain as ten at his mouth,
described as tingling, soreness, and aching. He reported
fatigue, difficulty talking and eating, nausea/vomiting,
limitations in his social activities, anxiety, depression, and
difficulty climbing stairs. The HNC care team discussed the
ePVA report with Mr. G. They noted that he had dropped
nearly 10 pounds over the last 2 weeks. Together with Mr. G,
the HNC care team decided to change his pain medication
from acetaminophen with codeine to a fentanyl transdermal
patch, thus decreasing the number of medications that Mr.
G needed to swallow. They emphasized to Mr. G the need
to eat. They scheduled additional sessions of intravenous
fluids that included anti-nausea medications to help Mr. G
maintain adequate hydration. The HNC care team planned
to evaluate Mr. G on Friday afternoon to anticipate any
needs that he may experience over the weekend.

After cancer treatment
One year after completing his treatment, Mr. G is in the
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office for a routine follow-up appointment. His imaging
studies demonstrated that he continues to be free of cancer.
He completed the ePVA during his appointment with the
HNC care team. Using the ePVA, he reported edema and
neck fibrosis at the radiation site, dry mouth, diminished
social activities, and mild depressive symptoms. The HNC
care team reviewed the data collected with the ePVA with
Mr. G. Overall, he felt well and was very happy to hear
about the imaging studies. However, he was experiencing
long-term side effects that can occur after treatment. The
HNC care team referred Mr. G to rehabilitation for speech
and swallow therapy and instructions for home exercises
to manage lymphedema and fibrosis at the neck. They also
referred him to the HNC social support group to exchange
information about self-management of symptoms with

others living with HNC.

Discussion

Given the severe symptom burden of HNC, mHealth
technology may help with patients’ symptom management.
Accordingly, the ePVA was developed as a patient-reported
measure for symptom and function assessment for HNC.
The findings from this study support the reliability,
convergent validity, and acceptability of the ePVA in
recording patient-reported symptoms and functional
limitations. Thus, the ePVA may be useful to support real-
time clinical interventions in HNC.

"This study adds to the body of literature by demonstrating
the development of the ePVA as a clinical support tool to
facilitate patient-centered cancer care and critical clinician-
patient interaction at the point-of-care. This use of the
ePVA evolved through collaboration with the HNC team
and patient engagement. The immediate availability of
the ePVA data facilitated automated reports of actionable
items to the HNC care team that resulted in real-time
interventions for patients. To this end, providers were able
to integrate the ePVA reports into their supportive care of
their patients.

The ePVA is designed as a user-friendly mHealth tool
for both patients and providers. Patients can complete
the assessment during intense cancer treatment. For the
most part, participants undergoing 7 weeks of combined
chemotherapy and radiation therapy could complete
the ePVA at 2 to 3-time points despite the intensity of
their treatment. However, the study team learned that
successful real-world data collection required flexibility to
accommodate patients’ needs. Further, participants who

mHealth 2021;7:7 | http://dx.doi.org/10.21037/mhealth-19-250



Page 10 of 14

deferred completing the ePVA at specific time points may be
experiencing actionable symptoms and functional limitations.
Thus, the study team began reporting to the HNC care team
when participants deferred completing the ePVA.

"To design a user-friendly tool for providers, the study team
closely collaborated with the HNC care team. Together,
they developed procedures to facilitate the use of the data
collected with the ePVA for real-time interventions during
busy work hours. The high proportion of ePVA reports
acknowledged as read by providers conveys that the HNC
care team valued the information collected with the ePVA.

This study affirms the principles of technology
adoption—that perceived ease of use and usefulness of
new technology directly affect people’s usage behavior
(24,28). Any mHealth technology clinical application that
is viewed as increasing providers’ workload while yielding
little additional information to guide patient care will
likely meet barriers to implementation. In addition, having
patient-reported data that are quantitative, validated, easily
captured, and recorded has the potential to add decision
support value and improve the management of patients.

Further, how patient-reported data are presented and
situated within electronic health records may impact
the successful use of mHealth technology in clinical
practice. Clinical interfaces should be easy to read and
integrated into the electronic medical record. For example,
mHealth technology that requires extra steps, such as
the opening of additional screens to access patient-
reported information, will meet challenges in uptake by
health care providers. Emerging technologies interfacing
secure connections compliant with the Health Insurance
Portability and Accountability Act (HIPAA) of 1996, such
as Fast Healthcare Interoperability Resources (FHIR),
may facilitate the use of mHealth technology in real-world
settings seamlessly across multiple applications and end-user
devices. For example, FHIR may allow clinicians to view
data from third-party applications in an embedded window
in electronic health records without opening additional
screens or requiring other log-ins (40).

Implications for research

An important area of ongoing research in mHealth
technology is to determine best uses of patient-reported
data in real-world settings. The complexities of cancer
care require a team approach to quality management of
the delivery of multiple dimensions of data to facilitate
the interaction between the clinical staff and the patient.
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Some patient-reported data are delivered to providers as
email alerts of escalating symptoms or as clinical summaries
during clinical visits (18-20,41). Other mHealth technology
applications offer evidence-based recommendations to
patients to enhance their self-management of symptoms
(20,21,42). For our study, we designed a report of the
ePVA data that successfully provided a global picture of
the participant’s health status for the HNC care team. This
global picture facilitated the use of the ePVA to inform real-
time clinical decisions about symptom management. Future
research can investigate the optimal delivery approach that
best informs real-time clinical decisions.

Another vital area of research in patient-reported data
is identifying the best measurement design to uncover
the actionable symptoms and functional limitations that
require real-time interventions. Symptom measurement
design should move beyond information gathering and to
configure measures with branching question capability and
quick-scoring interpretation to facilitate patient decision
support and shared decision making. Some researchers have
used pragmatic approaches, such as establishing minimally
important differences (MIDs). These differences include
one half of a standard deviation, scores in the lower quartile,
or scores that are two standard deviations from the mean.
Other methods include cut scores based on simple statistics,
such as #-tests, or receiver operating curve analyses for
measures with similar domains (43). We designed the ePVA
to consist of binomial questions. Thus, patients decide
the presence or absence of their symptoms. More work is
needed to compare pre-determined cut scores with patient
reports of presence or absence of symptoms to determine
the clinically relevant patient-reported data. Ultimately, to
meet the needs of increasing demands in cancer care, these
electronic platforms should not only produce automated
reports but engage and refer patients automatically to
appropriate members of the care delivery team in real-life
routine practice conditions.

Implications for policy

An important policy issue is whether the growing use
of mHealth technology applications promotes health
inequalities. Clinical applications of mHealth technology
have the potential to expand health resources to underserved
populations who own smart phones. Yet, these technologies
may be disproportionately available to educated patients and
to those in urban academic centers, such as the population
that enrolled in our study (44). Further, people who distrust
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technology may be less likely to use the technology. To this
end, mHealth technology may disproportionately benefit
people who are more advantaged or people who live in
developed countries. Suggested methods to overcome these
barriers are to develop studies that include the planned
recruitment of diverse study participants, outcomes relevant
to health equity, and subgroup analyses by demographic
groups (40).

Another important policy issue is patient privacy. As
more mHealth technology applications become connected
to medical records, linking biological data with personal
data, these concerns will need to be addressed to move the
field forward (40). Patients will need to have confidence
that the information generated by mHealth technology is
protected (45). Some solutions to address these issues are to
encourage patient ownership and the sharing of their data.
Further, researchers can include patients as partners in the
design and conduct of research studies that merge personal
data with health records (45).

Strength and limitations

The strength of this research is the strong provider and
patient acceptance of the ePVA. Some limitations to the
study included restricting the completion of the ePVA
to point-of-care. For example, the majority of potential
participants who declined to enroll in the study expressed
a desire to participate. Still, they did not have the time
to complete the survey during a busy oncology visit.
Therefore, future research could include investigating
whether recruiting and retaining participants is enhanced
by expanding access to the ePVA through electronic health
record systems, especially during this era of COVID-19
infections. This expansion would enable participants
to complete the ePVA remotely before their oncology
visit. Other limitations of this research include that it
was conducted at a single urban site and the recruitment
consisted of a convenience sample. Therefore, researchers
should be cautious in applying the study findings to other
types of cancer or institutions. Still, the significant findings
of this study support the need for future research to
determine the effectiveness of the ePVA as a clinical support
tool to decrease the symptom burden and improve the QoL
for patients with HNC.

In conclusion, patients with HNC undergo intense
treatment of surgery, radiation therapy, chemotherapy, or
some combination of these treatments. During treatment,
patients experience painful and debilitating symptoms and
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functional limitations that can delay or decrease cancer
treatment. After treatment, patients may develop long-
term symptoms and functional limitations that decrease
HRQoL. Accordingly, we developed the ePVA for HNC
as a mHealth tool for patients to report their symptoms
and functional limitations with the goal to alleviate
severe toxicities that emerge between visits by facilitating
communication using an electronic platform. The analyses
supported the reliability, validity, and acceptability of the
ePVA A clinical exemplar demonstrated the use of the ePVA
that results in real-time interventions to support patients
clinically. The study findings support future translational
research to enhance the usefulness of the ePVA in real
world settings for early interventions that decrease symptom
burden and improve the QoL of patients with HNC.
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