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QUESTION ASKED: Can a community oncology practice
successfully enroll, engage, retain, andmanage patients
with cancer undergoing intravenous cancer therapy
using electronic patient-reported outcome (ePRO)–
based digital symptommonitoring?Would patients agree
to participate and continue to report using the tool? Why
did patients discontinue use? What proportion of reports
generated alerts and contained severe symptoms? How
were these alerts managed by nursing, ie, telephone
consultations or urgent office visits?

SUMMARY ANSWER: This single-center experience
indicates that an ePRO-based digital symptom mon-
itoring platform can be effectively implemented at a
large scale with a high level of long-term patient en-
rollment, engagement, and retention. Most reports
could be effectively resolved by nurse specialists, and
physician intervention was infrequently required.

WHAT WE DID: Clinical implementation of a proprietary
digital symptom monitoring ePRO platform was under-
taken by the Highlands Oncology Group, a 22-physician
community oncology practice in the state of Arkansas.
Rollout was initiated in June 2020. Patients receiving
parenteral therapy were invited to enroll in the digital
symptom monitoring system using either the application
or an interactive voice response interface. All patients
received in-person training using the reporting modality
of their choice. Patients submitted reports on a schedule
defined by the practice on the basis of disease, treatment
regimen, and clinical factors. Symptoms reported that
exceeded a severity threshold were graded by the
practice as standard or severe. These reports were
monitored in a dashboard managed by nursing staff who
determined best management for the patient including
telephone intervention or urgent office visit. Patients in
this study were enrolled any time before December 1,
2021, and follow-up was through February 28, 2022.

WHAT WE FOUND: Over an approximately 17-month
period, 923 patients were successfully enrolled. Re-
tention rates at 3, 6, 9, and 12months were 94%, 88%,
73%, and 67%, respectively. Few patients discontinued
use for reasons related to the platform (n5 47; 5%). Of
the 25,311 ePRO reports submitted, 49% (n5 12,334)
exceeded the predefined alert thresholds and 8%
(n 5 1,920) included severe symptoms. The nursing
team responded within 24 hours by telephone to 15.5%
(n 5 3,910) of all reports. All phone calls were in re-
sponse to reports that exceeded the severity threshold
(31.7% of reports), and 72.7% (n 5 1,395) of reports
that had severe symptoms received a call. Only 6.4%
(n 5 249) of phone calls required an office evaluation
within 72 hours of the report.

BIAS, CONFOUNDING FACTORS: The experience in a
single site limits the generalizability of these results, and
this warrants reproduction in other centers with different
clinical workflows as well as patient populations differing
in age, ethnicity, case distributions, and treatments.
Specific implementation strategies were not tested. We
acknowledge the potential for selection bias between
users and nonusers of the ePRO system. Finally, it is
difficult to speculate how the pandemic influenced
enrollment, engagement, and management of patient
reports.

REAL-LIFE IMPLICATIONS: The use of digital symptom
monitoring with patient-reported outcomes has been
shown to improve patient outcomes. The evidence of
benefit has been largely derived from research studies
in the academic setting recruiting only a small number
of patients. We report that it is feasible to adopt this
technology in the community oncology setting at a
large scale. Consideration of inclusion of ePROs in
alternative payment models is reasonable. The impact
on health outcomes remains to be determined.
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abstract

PURPOSE The use of digital symptom monitoring with patient-reported outcomes (PROs) has been shown to
improve patient outcomes. The evidence of benefit has been largely derived from research studies. The
feasibility of adopting this technology in the real-world setting is unknown.

METHODSWe report on the clinical implementation of a proprietary electronic patient-reported outcome (ePRO)–
based digital symptom monitoring platform at the Highlands Oncology Group practice, a large community
oncology practice. We present here our experience with patient enrollment, engagement, and retention; reasons
for discontinued use; proportion of reports generating alerts and containing severe symptoms; and the re-
sponses to alerts including nursing telephone consultations and urgent office visits.

RESULTS Over an approximately 17-month period, 923 patients were successfully enrolled. Patients enrolled
from June 20, 2020, through November 30, 2021, with follow-up through February 28, 2022. Retention rates at
3, 6, 9, and 12 months were 94%, 88%, 73%, and 67%, respectively, with greater retention at 12 months in
patients age 65 years or older. Few patients discontinued use for reasons related to the platform (n5 47; 5%). Of
the 25,311 ePRO reports submitted, 49% (n 5 12,334) exceeded the predefined alert thresholds and 8%
(n 5 1,920) included severe symptoms. The nursing team responded within 24 hours by telephone to 31.2%
(n5 3,910) of all reports with alerts. Of reports with severe symptoms, 72.7% (n5 1,395) received a call. Only
6.4% (n 5 249) of phone calls required an office evaluation within 72 hours of the report.

CONCLUSION This single-center experience indicates that an ePRO-based digital symptom monitoring platform
can be effectively implemented at a large scale with a high level of long-term patient engagement. Most reports
could be effectively resolved by nurses, and physician intervention was infrequently required.
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INTRODUCTION

Quality care for patients with cancer requires open lines
of communication between patients and their care
teams. Real-time patient reporting of issues and con-
cerns and timely clinician responses are necessary to
improve patient outcomes. Delivering this real-time pa-
tient engagement presents a major organizational chal-
lenge, and lends itself to a technology-based solution.

The use of digital symptom monitoring with patient-
reported outcomes (PROs), often referred to as elec-
tronic PROs (ePROs), has been shown to improve
patient satisfaction and quality of life, increase time on
treatment, reduce ER/hospital utilization, and prolong
overall survival.1-8

Despite these many advantages, and multiple platforms
that have been developed and modeled,9-16 the evi-
dence of benefit has been largely derived from research
studies that recruited only a small number of
patients3,5,8 or larger studies with only short follow-up.15

The seminal publication in this area by Basch et al3

randomly assigned 766 patients at Memorial Sloan
Kettering to symptom monitoring intervention or usual
care. These patients were enrolled over 4 years. Patient
diagnoses were limited to genitourinary (32%), gyne-
cologic (22%), breast (20%), and lung (25%) cancers.
The extent of patient reporting was not described, al-
though median time on study was only 3.7 months.
Although the primary end points of this landmark study
were met, clearly establishing the value of remote
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monitoring, the ability to scale this approachmorewidely and
rapidly cannot be assessed by this publication.

Basch has subsequently launched a multicenter trial of a
digital monitoring system in the community setting, the
PRO-TECT trial.5,6 The trial was opened in 2017 in 50 sites
with an accrual goal over 4 years of 1,100 patients. The trial
randomized 52 community practices by site to active pa-
tient engagement or usual care with each single site limited
to 50 patients. As reported in an ASCO plenary abstract, 1,
191 patients were accrued in these 50 sites, and 593
patients were randomly assigned to the active patient
management arm. The study reported patient and clinician
satisfaction, physical function, symptom burden, and
health-related quality of life, all of which were improved by
the active intervention. Patient engagement remained high
during the study period. These encouraging preliminary
results confirm the findings Basch reported previously.
However, the generalizability of this experience is dimin-
ished by the extremely modest accrual per site over the time
period of the study.

The largest experience in the community has been reported
by Patt et al15 with Texas Oncology. In the report, 73%
(1,841) of enrolled patients (there were 4,375 patients
approached and 2,522 patients enrolled) submitted an
ePRO report over a 6-month period. Although patient en-
gagement was initially high, it fell from 72% to 54%, with
the overall follow-up time very limited; at the 3-month point,
only 10% of enrolled patients had been on the platform long
enough to be assessed for continued engagement. The
clinical implications of these patient reports were not de-
scribed. Although this report does establish the feasibility of
a large-scale launch in the community, the extremely short
follow-up and the lack of details regarding the impact of the
data reporting on patient outcomes make it unclear
whether the deployment was in fact successful.

The adoption of digital monitoring systems into routine
clinical practice remains limited.5,15,16 The feasibility of
more widespread adaptation of this approach must start
with high patient enrollment, patient engagement in sub-
mitting scheduled and as-needed reports, and a high level
of patient retention over time. We hypothesized that with
workflow and electronic medical record integration, ap-
propriate training, and a user-friendly patient interface, a
digital symptom monitoring ePRO platform could be ef-
fectively executed at a large scale in the community on-
cology care setting. We report here the preliminary
experience of Highlands Oncology Group, a large com-
munity oncology practice with a proprietary ePRO-based
digital symptom monitoring platform.

METHODS

Design

This study reports the preliminary experience of implementing
a proprietary ePRO-based digital symptom monitoring

platform in a large community practice. The primary aim was
to evaluate feasibility using criteria of patient enrollment,
engagement, and retention, and the reasons for discontinued
use. The secondary aim was to evaluate the proportion of
reports generating alerts and the subgroup of alerts including
reports of severe symptoms; and the responses to these
reports including nursing telephone consultations and urgent
office visits.

Setting

Highlands Oncology Group is a community oncology
practice in the state of Arkansas consisting of 22 physicians
and 28 advanced practice providers. The practice has four
sites of service. They participated in the Oncology Care
Model and use a centralized nurse triage model.

Patient Population

All adult patients with cancer in each participating treat-
ment site starting parenteral therapy were invited to use the
ePRO system at the time of their pretreatment education
program.

Intervention

The Canopy Care ePRO-based digital symptom monitoring
platform is a proprietary modular, cloud-based commu-
nication system that incorporates integrated interfaces for
patients and clinical staff.

Patients can submit scheduled and unscheduled reports of
their distress and specific symptoms using either a
symptom reporting application, which can be used on a
smartphone or tablet, or an interactive voice response (IVR)
interface (telephone report). The symptom monitoring
application incorporates a 10-point linear analog patient
distress scale and a comprehensive problem list that in-
cludes physical symptoms as well as psychosocial issues
reported using a verbal rating scale. The symptoms list in
the application was modeled after several validated
symptom evaluation scales including the National Com-
prehensive Cancer Network distress thermometer, the
Memorial Symptom Assessment Scale, and the Edmonton
Symptom Assessment Score. Patients rated each problem
on a four-point rating scale (mild, moderate, severe, and
worst possible). The IVR interface facilitated reporting of
overall patient well-being and amore focused list of relevant
symptoms.

At the time of enrollment, a reporting schedule was defined
for each individual patient on the basis of the diagnosis,
treatment, and comorbidities. Most frequently, the
schedule was weekly. In addition patients were instructed
to submit unscheduled reports on an as-needed basis in
the event of worsening symptoms or deterioration in general
well-being.

A clinician-facing web-based interface incorporates a
continuously updated work queue of patients’ reports
generated by the digital symptom monitoring. Symptom-
specific thresholds were defined by the practice for each
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individual patient on the basis of diagnosis, treatment, and
comorbidities. In addition, practices further classified these
alerts as severe or standard on the basis of clinical judg-
ment. Patient reports that exceeded this severity threshold
were given priority, and severe alerts were given highest
priority. When opened, the patient’s ticket includes per-
sonal, disease-related, and treatment-related information, a
color-coded tabulation of distress, and symptom reports.

Computer-guided triage pathways for structured telephone
evaluation by oncology nurses were developed to triage
patients who can be managed with a telephone consul-
tation alone, and those who require expedited or urgent
in-person evaluation. On the basis of individual patient
circumstances and nursing judgment, not all alerts ex-
ceeding the threshold resulted in a telephone consultation
or an urgent visit.

The practice rollout was initiated in June 2020. Rollout
occurred sequentially across practice sites. Patients in this
study were enrolled any time before December 1, 2021,
and follow-up was through February 28, 2022.

Data Collection

Demographic and clinical variables were obtained from
structured electronic health record (EHR) data. ePRO-
specific data (eg, date of enrollment, date and reason for
report, alerts/symptoms, and reason for opt-out) were
collected through the ePRO platform and linked to patient-
level EHR data.

Demographic variables included age at the time of en-
rollment (analyzed as a continuous variable, as 10-year
categories, and as a binary variable [, 65 v $ 65 years]),
sex (male v female), and race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic or Latino, and other).
Patients were categorized by primary tumor type using the
International Classification of Disease, Ninth and Tenth
Revisions, Clinical Modification (ICD-9-CM and ICD-10-
CM) codes.17,18 Tumor types were placed into the follow-
ing broad categories: GI, thoracic, genitourinary, breast,
hematologic, melanoma, head and neck, brain, other, and
unknown. A patient was identified as having metastatic
disease if there was a record of any ICD code containing
secondary and neoplasm that occurred on or before the
first relevant structured administration.

ePRO enrollment date was collected, along with all dates
corresponding to subsequent reports. All symptoms as-
sociated with each report were collected. If a patient opted
out after enrollment, the opt-out reason was collected. Opt-
out reasons were categorized as related to the platform
(bothersome, not interested, too complicated, causing too
much stress, and does not own a phone) or not related to
the platform (deceased, discharged to hospice, no longer a
patient at Highlands, finishing treatment/treatment
complete/not actively treating). Office evaluations/visits
were identified via structured EHR data.

Data Evaluation and Statistics

In patients enrolled on the ePRO, descriptive statistics
(absolute and relative frequencies) were reported for cat-
egorical demographic variables overall and by sex. Crude
reporting frequency was calculated for each patient as the
total number of reports per time (in months) from enroll-
ment to last report; and was categorized as, 1, 1 to, 2, 2
to, 3, 3 to, 4, or. 4 reports per month. The distribution

TABLE 1. Patient Characteristics

Characteristic
Total (N 5 923),

No. (%)
Female (n 5 562),

No. (%)
Male (n 5 360),

No. (%)

Tumor type

Breast 184 (19.9) 182 (32.4) 1 (0.3)

Hematologic 182 (19.7) 87 (15.5) 95 (26.4)

GI 161 (17.4) 70 (12.5) 91 (25.3)

Thoracic 157 (17.0) 79 (14.1) 78 (21.7)

Genitourinary 145 (15.7) 95 (16.9) 50 (13.9)

Other 30 (3.3) 14 (2.5) 16 (4.4)

Melanoma 26 (2.8) 14 (2.5) 12 (3.3)

Unknown 20 (2.2) 16 (2.8) 4 (1.1)

Head and neck 15 (1.6) 4 (0.7) 11 (3.1)

Brain 3 (0.3) 1 (0.2) 2 (0.6)

Age, years

, 20 2 (0.2) 0 (0.0) 2 (0.6)

20-29 14 (1.5) 9 (1.6) 5 (1.4)

30-39 49 (5.3) 40 (7.1) 9 (2.5)

40-49 100 (10.8) 71 (12.6) 29 (8.1)

50-59 192 (20.8) 124 (22.1) 68 (18.9)

60-69 289 (31.3) 168 (29.9) 121 (33.6)

70-79 211 (22.9) 119 (21.2) 92 (25.6)

$ 80 64 (6.9) 31 (5.5) 33 (9.2)

Missing age 2 (0.2) 0 (0.0) 1 (0.3)

Race/ethnicity

Non-Hispanic
White

822 (89.1) 499 (88.8) 323 (89.7)

Non-Hispanic
other

50 (5.4) 36 (6.4) 14 (3.9)

Unknown/
missing

26 (2.8) 10 (1.8) 15 (4.2)

Hispanic or
Latino

14 (1.5) 7 (1.2) 7 (1.9)

Non-Hispanic
Black

11 (1.2) 10 (1.8) 1 (0.3)

Metastatic status

Metastatic 520 (56.3) 299 (53.2) 221 (61.4)

Not metastatic 403 (43.7) 263 (46.8) 139 (38.6)

NOTE. One patient was missing documentation of sex in the electronic medical
record; hence, the number of male and female patients does not add up to the
overall number.
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of reporting frequency was reported overall and by age
(, 65 v $ 65 years).

Time to last report was calculated as the time from date of
enrollment to date of last report. A Kaplan-Meier approach
was used to calculate retention. Analyses were indexed to
the date of enrollment. An event was defined as the date of
last report in patients who did not opt out of Canopy and
who had $ 45 days between their last report and last
structured visit date; or who had an opt-out reason that was
related to the platform. Patients were censored at the last
report date if they had not opted out but had , 45 days
between the last report and last structured visit date; or if
they opted out for reasons not related to the Canopy
platform. Patients with follow-up after the study period end
date were administratively censored on February 28, 2022.
Kaplan-Meier curves were generated for all patients en-
rolled on Canopy, overall and stratified by age (, 65 v$ 65
years). The log-rank test was used to compare the retention
distribution by age. Since the median retention was not
reached, retention probabilities were calculated at 3, 6, 9,
and 12 months after enrollment.

The number and proportion of reports that generated any
alert (standard or severe) or an alert because of at least one
severe symptom was calculated. Reports that resulted in at
least one telephone evaluation within 24 hours of the report
date/time were identified; and among those reports that
generated an alert and resulted in a telephone evaluation,
the distribution of alert-generating symptoms was reported.
Additionally, the number and proportion of reports followed
by at least one office evaluation within 72 hours of the report
date was calculated.

Analyses were conducted using R statistical computing
software, version 4.0.2.19

RESULTS

Patient Population and Enrollment

Between June 22, 2020, and November 30, 2021, 3,072
patients were treated with parenteral anticancer therapies at
Highlands. Since the program was rolled out sequentially
across the different practice sites, not all treated patients were
eligible to enroll at the start of the measurement period.
Overall, 1,173 eligible patients were invited to enroll into the

digital symptom monitoring system and 923 (79%) were
successfully enrolledwithmultiple reports. Themost common
reason patients chose not to enroll was lack of interest (60%).

Of these 923 patients, 296 discontinued at some point after
enrollment. The most common reasons for discontinuation
were unrelated to the ePRO platform: death and discharge
to hospice (47% and 18% of opt-out reasons, respectively).

TABLE 2. Reports per Month Among Successfully Enrolled Patients
Reporting Frequency Total (N 5 923), No. (%) < 65 Years (n 5 499), No. (%) ‡ 65 Years (n 5 422), No. (%)

, 1 report per month 168 (18.2) 91 (18.2) 77 (18.2)

1 to , 2 reports per month 158 (17.1) 88 (17.6) 70 (16.6)

2 to , 3 reports per month 155 (16.8) 84 (16.8) 69 (16.4)

3 to , 4 reports per month 223 (24.2) 140 (28.1) 83 (19.7)

$ 4 reports per month 219 (23.7) 96 (19.2) 123 (29.1)

NOTE. Two patients weremissing documentation of date of birth/age in the electronic medical record; hence, the number of patients in the age
categories does not add up to the overall number.
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FIG 1. Kaplan-Meier estimates of time to last Canopy report: (A)
retention probability of all patients and (B) retention probability
stratified by age , 65 years and $ 65 years. Two patients had a
missing value for age and were not included in the analysis stratified
by age.
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Very few patients (approximately 5%) discontinued use of
the monitoring system for reasons related to the platform:
not interested (n 5 31), bothersome (n 5 10), too com-
plicated (n 5 4), too stressful (n 5 1), and does not own a
phone (n 5 1).

Enrolled patients varied across tumor type (solid and he-
matologic), age, and metastatic status (Table 1), and in-
cluded patients on active treatment at the time of
implementation as well as new treatment starts over the
approximately 17-month period. Most patients elected to
use the application (794; 86%), whereas 71 (7.7%) elected
to use the IVR interface and for 58 (6.3%), the preferred
interface was not documented.

Reporting and Retention

The median duration of follow-up was 9 months. The av-
erage number of reports submitted by patients per month is
presented in Table 2. Most patients (64.7%) submitted two
or more reports per month. The patient retention at 3, 6, 9,
and 12 months was 94%, 88%, 73%, and 67%, respec-
tively (Fig 1). We observed a statistically significant differ-
ence in retention between patients age older or younger

than 65 years, with patients age 65 years or older more
likely to be continuously reporting at 12 months (73% v
62%, P 5 .0011).

Management of ePRO Reports

During the study period, 25,311 ePRO reports were sub-
mitted. Of the 25,311 ePRO reports submitted, 49%
(n5 12,334) exceeded the predefined alert thresholds and
8% (n 5 1,920) included severe symptoms. The nursing
team responded within 24 hours by telephone to 31.2%
(n5 3,910) of all reports with alerts. Of reports with severe
symptoms, 72.7% (n 5 1,395) received a call.

Overall, 15.5% of all reports generated a phone call. In
reports that triggered nursing team/staff telephone calls
within 24 hours, the most common alert-generating
symptoms were high levels of distress, pain, nausea,
weakness, diarrhea, dyspnea, and fatigue (Table 3).

3,661 (93.6%) of symptom reports leading to a phone call
were managed over the telephone by the nurse. The
remaining 249 (6.4%) required an office evaluation within
72 hours of the report.

TABLE 3. Distribution of Alert-Generating Symptom Reports That Triggered a Nurse Specialist Telephone Consultation (N 5 3,910)
Alert-Generating Symptom No. % of Alerts Alert-Generating Symptom No. % of Alerts

High distress level 2,930 74.9 Indigestion 220 5.6

Pain 1968 50.3 Swelling 209 5.3

Weakness/fatigue 1,416 36.2 Cough 208 5.3

Nausea 1,326 33.9 Loss of interest in usual activities 197 5.0

Difficulty breathing 955 24.4 Sadness 174 4.5

Diarrhea 922 23.6 Fever under 100.4°F 159 4.1

Chest pain 640 16.4 Tingling in hands or feet 157 4.0

Fatigue 632 16.2 Nervousness 156 4.0

Eating/appetite 525 13.4 Bathing/dressing 148 3.8

Sleep 505 12.9 Nausea/vomiting 143 3.7

Breathing 498 12.7 Fever over 100.4°F 129 3.3

Getting around 495 12.7 Fears 123 3.1

Anxiety 363 9.3 Insurance/financial 120 3.1

Numbness/tingling 347 8.9 Urination problems 118 3.0

Memory/concentration 346 8.8 Mouth/throat sores 116 3.0

Vomiting 335 8.6 Other 108 2.8

Constipation 301 7.7 Feeling swollen 106 2.7

Depression 250 6.4 Hot flashes 105 2.7

Worry 239 6.1 Rash 94 2.4

Nose dry or congested 238 6.1 Skin dry or itchy 94 2.4

Dizziness/lightheadedness 237 6.1 Cold sensitivity 85 2.2

Falls/balance 236 6.0 Skin/nail problems 83 2.1

Headache 231 5.9 Visual 82 2.1

Dry mouth 220 5.6 Physical appearance 80 2.0

NOTE. In the above table, we have only included symptoms that were reported in 2% or more of alerts. May be more than one symptom per call.
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DISCUSSION

Despite the established evidence base that digital symptom
monitoring with PROs can improve patient outcomes1-8 and
the multiple platforms that have been developed and
modeled,9-16 adoption of this approach in community on-
cology practices has been limited.

Barriers to the more widespread diffusion of this inter-
vention have been described and can be classified as
organizational, clinician, patient, and implementation-
related barriers20-22 (Table 4). The design of the specific
proprietary ePRO digital symptommonitoring platform used
in this study has been informed by these considerations,
with emphasis on ease on the patient use experience, and
the development of a clinician interface that is easily

integrated into practice workflows and the electronic
medical record. This descriptive report does not purport to
describe an optimal implementation strategy.

The success reported here compares favorably with pub-
lished experience. The long-term patient retention in this
real-world study was comparable with that reported in the
recently presented US national cluster randomized trial.5,6

The generalizability of this experience is supported by the
observation that the enrolled population of patients had
similar demographics in relation to age, sex, and cancer site
distribution to patients seen in routine clinical practice.23

Age and lack of familiarity with technology have been reported
as potential barriers to ePRO implementation.20-22 In our
experience, advanced age was not a barrier to retention.
Indeed, we observed a statistically significant difference in
patient reporting frequency and retention by age, with pa-
tients age 65 years and older more likely to be continuously
reporting at 12 months, contrary to expectations. In Basch’s
MSKCC trial,3 one third of patients were computer-
inexperienced, and this group benefited at least as much
from the symptom monitoring intervention. In our cohort,
fewer than 10% chose interactive voice response. Of those
using the app-based response, very few patients discontinued
the use of the system because of difficulty or burden.

Patients submitted a significant number of reports each
month: close to half exceeded a predetermined symptom
threshold and 10 percent were classified by the clinical team
as severe symptoms. As expected, this resulted in a higher
rate of telephone calls for patients with severe alerts (72.7%)
than those with standard alerts (30%). Most issues could be
effectively resolved by the telephone consultation and only
approximately 5% of patients required an urgent office visit.
The primary symptoms responsible for these interventions
mirror the most common complaints in this treated pop-
ulation,24 and also mirror the most common reasons for
emergency room visits in patients with cancer.25,26 Not all
alerts generated a telephone call. Clinical judgment was
exercised by nurses during the evaluation of patient reports
including all reports defined as severe.

Our study has strengths and limitations. The cohort described
is large and was enrolled over a short period of time. There
was a very low rate of patient drop-out. The patients enrolled
are similar in age, sex, and cancer type to those seen in
routine clinical care. In addition, the symptoms they report
are also qualitatively similar to those seen in routine clinical
practice. The experience in a single site allowed for stan-
dardization of processes; however, it diminishes the gener-
alizability of these results, and this warrants reproduction of
the experience in other centers with different ethnicity and
case distributions. We acknowledge the potential for selection
bias between users and nonusers of the ePRO system. Fi-
nally, it is difficult to evaluate the impact of the COVID-19
pandemic. Like many community oncology practices,
Highlands Oncology Group successfully continued treating

TABLE 4. Organizational, Clinician, Patient, and Implementation-Related Barriers
to ePRO Uptake

Organizational barriers

1. Integrating the system into the clinic workflow

a. Minimize disruption

b. Optimal use of administrative, nursing, and physician resources

2. Acceptability

a. Clinicians

b. Patients

3. Up-front investment

4. Technical maintenance

Implementation barriers

1. Necessity for comprehensive and role-specific training for all parties
(clinicians, staff, and patients) using the ePRO system

2. Inadequate clinician response to patient reports, eg, to address critical PRO
results

Clinician’s barriers

1. Information overload

a. Resistance to generation of extra workload, potential to lengthen clinical
visits

b. Fear of identification of problems that clinicians may feel unqualified to
address

2. Added time-sensitive clinical responsibility

Patient barriers

1. Excessively burdensome ePRO collection software

a. Too many questions

b. Too much complexity

c. Difficult log-in requirements

2. Difficulty with technology

a. Literacy and language

b. Familiarity with touch-screen computers

c. Availability of home computers and internet connectivity

d. Impaired manual dexterity

Abbreviations: ePRO, electronic patient-reported outcome; PRO, patient-
reported outcome.
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patients during the pandemic. It is difficult to speculate how
the pandemic influenced enrollment, engagement, and
management of patient reports.

On the basis of these preliminary data, we are pursuing
several projects. Further work is needed to determine
impact on patient outcomes, and the generalizability of this
experience across different treatment settings and different
disease and treatment groups.

In conclusion, this single-center experience supports the
hypothesis that implementing an ePRO-based digital
symptom monitoring platform is feasible in routine clinical
practice at a large scale. We provide evidence that patients
can remain engaged over a prolonged period of time with
regular reporting and low attrition. These reports result in
telephonic interventions in a sizable percentage of patients,
with only a small proportion requiring office evaluation.
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