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abstract

PURPOSE There is increasing interest in implementing digital systems for remote monitoring of patients’
symptoms during routine oncology practice. Information is limited about the clinical utility and user perceptions
of these systems.

METHODS PRO-TECT is a multicenter trial evaluating implementation of electronic patient-reported outcomes
(ePROs) among adults with advanced and metastatic cancers receiving treatment at US community oncology
practices (ClinicalTrials.gov identifier: NCT03249090). Questions derived from the Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) are administered weekly by web
or automated telephone system, with alerts to nurses for severe or worsening symptoms. To elicit user feedback,
surveys were administered to participating patients and clinicians.

RESULTS Among 496 patients across 26 practices, the majority found the system and questions easy to
understand (95%), easy to use (93%), and relevant to their care (91%). Most patients reported that PRO
information was used by their clinicians for care (70%), improved discussions with clinicians (73%), made them
feel more in control of their own care (77%), and would recommend the system to other patients (89%). Scores
for most patient feedback questions were significantly positively correlated with weekly PRO completion rates in
both univariate and multivariable analyses. Among 57 nurses, most reported that PRO information was helpful
for clinical documentation (79%), increased efficiency of patient discussions (84%), and was useful for patient
care (75%). Among 39 oncologists, most found PRO information useful (91%), with 65% using PROs to guide
patient discussions sometimes or often and 65% using PROs to make treatment decisions sometimes or often.

CONCLUSION These findings support the clinical utility and value of implementing digital systems for monitoring
PROs, including the PRO-CTCAE, in routine cancer care.

JCO Clin Cancer Inform 4:947-957. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Symptoms are commonly experienced among patients
receiving cancer treatment and are a major cause of
distress, functional disability, and emergency room/
hospital utilization1,2 but go undetected and un-
addressed by clinicians up to half the time.3-7 There is
substantial interest in using digital strategies to sys-
tematically monitor patients’ symptoms in real-world
clinical settings to catch problems early before they
worsen or cause complications.8-10

Digital monitoring strategies include electronic patient-
reported outcome (ePRO) systems in which symptom
questions are loaded into online, downloadable, or
automated telephone interfaces for patient self-

completion, with real-time alerts triggered to clinic
staff if severe or worsening symptoms are reported.11 A
prior large, real-world single-center randomized con-
trolled trial demonstrated that such an ePRO system
(the “STAR” system) improved patients’ symptom
control and quality of life, decreased emergency room
visits, lengthened time tolerating chemotherapy, and
increased overall survival.12,13

To evaluate a digital ePRO system for symptom
monitoring in a multicenter real-world setting, the
PRO-TECT cluster-randomized trial was initiated
across community oncology practices in the US
(ClinicalTrials.gov identifier: NCT03249090). All pa-
tient participants in this trial were receiving systemic
treatment of advanced or metastatic cancer. Patients
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at 26 of the 52 participating practices were assigned to
complete weekly ePRO self-reports from home for 1 year.
The PRO-TECT digital ePRO system includes symptom
questions derived from the National Cancer Institute’s
Patient-Reported Outcomes version of the Common Ter-
minology Criteria for Adverse Events (PRO-CTCAE) item
library as well as questions about physical function (patient-
reported performance status), falls, and financial toxicity.14

Although one purpose of PRO-CTCAE is evaluation of
symptomatic adverse events in clinical trials, it has also
been extensively tested previously in routine care settings
among patients receiving cancer treatment. This includes
development of the questions themselves through exten-
sive qualitative cognitive debriefing in a national population
of real-world patients,15 as well as evaluation of measure-
ment properties (validity, reliability, sensitivity),16 recall
period,17 mode equivalence,18 and software usability
testing19 in populations of real-world adult patients.

Therefore, the performance of the PRO-CTCAE is already well
established scientifically in routine care (real-world) pop-
ulations. However, an additional step in evaluating PRO
questions and digital systems for use in routine care is
establishing clinical utility from the perspective of its key users:
patients, nurses, and physicians.20-22 Specifically, patient per-
ceptions can be elicited regarding comprehension, general
usability, meaningfulness/relevance, communication/action-
ability, clinical utility, self-efficacy, and overall perceived value,
whereas nurse and physician perceptions can be elicited re-
garding clinical utility and impact on quality and value of care.

To evaluate perceptions of the PRO-TECTdigital ePRO system
and PRO-CTCAE questions, surveys were administered to
patients, nurses, and physicians at practices participating in
the PRO-TECT real-world ePRO implementation trial.

METHODS

Setting and Participants

PRO-TECT is an ongoing multicenter, real-world, cluster-
randomized trial testing implementation of ePROs in routine

care at US community oncology practices (ClinicalTrials.gov
identifier: NCT03249090). There are 52 practices involved
in PRO-TECT, of which 26 are intervention practices in
which ePROs are being implemented and 26 are control
practices, where ePROs are not being implemented (ie,
standard of care). Adult patients receiving chemotherapy,
targeted therapy, or immunotherapy for any type of ad-
vanced or metastatic cancer at these practices are
approached and complete informed consent to participate.
The trial protocol was approved by central and local in-
stitutional review boards.

Digital ePRO System and Questions

At the 26 PRO-TECT ePRO intervention practices, par-
ticipating patients are trained by local personnel to use the
PRO-TECT ePRO digital system for symptom self-reporting.23

This system includes questions from the National Cancer
Institute’s PRO-CTCAE item library for pain, nausea,
vomiting, constipation, diarrhea, dyspnea, insomnia, and
depression, which are scored using a 5-point ordinal verbal
descriptor scale,24 as well as PRO questions about physical
function (patient-reported Eastern Cooperative Oncology
Group performance status), falls, and financial toxicity
(item FT12 from the COST-FACIT [v2] questionnaire; Data
Supplement).

Questions were loaded into the PRO-TECT digital ePRO
system, which includes options for patients to complete
questions via a web-based interface or via an automated
telephone interface. The web-based interface is mobile
responsive and allows for use on various screen sizes
across computers or mobile devices, displaying a single
question per page on the basis of prior usability testing and
best practices for PRO visualization.19,25 The automated
telephone interface is based on prior testing and best
practices for interactive voice response systems.19 The
digital ePRO system was built by the University of North
Carolina’s Patient-Reported Outcomes Core (PRO Core).

Participating patients in the intervention arm are asked to
self-report their PROs via this system weekly for 1 year or

CONTEXT

Key Objective
What are the perspectives of patients, nurses, and physicians about ongoing collection of patient-reported outcomes for

symptom monitoring in their community oncology clinics?
Knowledge Generated
Almost all patients find online systems for self-reporting symptoms between visits easy to use, understandable, and valuable

for communication and quality of care. Nurses and oncologists are also overall enthusiastic about patient-reported
outcomes in clinic, although there are concerns about potential added workload from symptom alerts.

Relevance
These findings demonstrate wide acceptance and embracing of patient-reported outcomes for symptommonitoring in routine

cancer care by patients and their clinicians, and pave the way for broader implementation. Work is needed to minimize the
burden of symptom alerts on nurses.
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until discontinuation of all cancer treatment. On a day of
the week and time of the patient’s choice, they receive
a prompt by e-mail or automated call to self-report
symptoms via the system. If they do not complete the
self-report, they receive a reminder prompt 24 hours later,
followed by a call from a clinic staff member if they have not
completed the self-report after 72 hours.

Whenever a PRO-CTCAE score is severe or very severe or
when it worsens to moderate from none on the prior self-
report, the patient receives an e-mail with a link to general
educational materials about home self-management
of that symptom. In addition, an e-mail–based alert is
triggered and routed to a clinical nurse at the patient’s
oncology practice with a symptom management pathway
for the symptom that generated the alert. Nurse alerts are
also triggered for Eastern Cooperative Oncology Group
scores . 2 or worsened by 2 points and for financial
distress scores . 2 (“quite a bit” or “very much”). Re-
ports showing the longitudinal trajectory of PROs can be
visualized or printed for nurses and oncologists to view at
visits to guide discussions and care. The digital ePRO
system is a stand-alone software platform and is not
interfaced to electronic health record (EHR) systems at
practices. There are no requirements for what clinical
actions nurses or oncologists should take based on the
ePRO or symptom management pathway information
they receive.

Surveys Evaluating Perceptions of the Digital System

Feedback surveys were administered to patients after
3 months of participation and when they completed study
participation (“off-study”). The survey assessed patient
comprehension by asking if PRO questions were easy to
understand; general usability by asking if the digital ePRO
system was easy to use; meaningfulness/relevance by
asking if the PRO questions were relevant to them; and
communication/actionability, clinical utility, and self-efficacy,
by asking if they felt the process improved discussions with
their care team, if their doctor or nurse used the symptom
information, and if the system made them feel more in
control of their own care, respectively. For overall perceived
value of the system, they were asked if they would recom-
mend it to other patients.

After at least 6 months of experience using the system,
nurse input on clinical utility was elicited by asking if PRO
information was helpful for clinical documentation in the
EHR; improved quality of discussions with patients; in-
creased efficiency of discussions with patients; and was
useful for patient care. For quality and value of care, nurses
were asked if they felt that using the system improved
quality of care for patients and if they would recommend it
to other clinics, respectively. Physician (oncologist) input
on clinical utility was elicited by asking how often PRO
information was used to guide discussions with patients,
and to make treatment decisions.

Statistical Analysis

Descriptive statistics included medians and ranges for
continuous variables, and frequencies and relative fre-
quencies for categorical variables. Completion of patient
self-reports was tabulated for each patient as the number of
completed weekly ePRO questionnaires divided by the
number of questionnaires that were expected to be com-
pleted. Pairwise relationships between patient survey items
with patient baseline characteristics (patient-selected
survey mode, age, sex, ethnicity, race, urban/rural location
of clinic, educational attainment, employment status,
marital status), baseline technical experience (prior internet
use, prior e-mail use, prior computer use), baseline fi-
nancial status (difficulty paying bills), and completion of
self-reporting during trial participation were described
using Spearman correlations and χ2 tests. P values for
Spearman correlations were evaluated graphically via
a choropleth map (ie, heat map). Multivariable regression
with forward selection (variable entry until statistical sig-
nificance, 0.10) was used to evaluate the relationships of
patient characteristics and completion of self-reports with
patient survey items. P values , .05 were considered
statistically significant.

RESULTS

Survey Completion

Patients. By the cutoff date of May 4, 2020, for this
analysis, there were 497 patients in the PRO-TECT trial
intervention arm who completed at least 3 months of
participation. Among these, 496 (99.8%) of 497 completed
the 3-month feedback survey. In addition, by the cutoff
date, 257 patients had finished participation in the study, of
whom 245 (95.3%) of 257 completed the off-study feed-
back survey. Reasons for missed off-study surveys were six
deaths (2.3%) and six who preferred not to complete
(2.3%).

Nurses and physicians. Surveys were completed by a total
of 57 clinical nurses from 23 (88.5%) of the 26 participating
community practices. Surveys were not administered at the
three remaining practices, because they had enrolled two
or fewer patients and thus had limited experience with the
PRO-TECT system and workflow. Multiple nurse surveys
were completed at practices that included more than one
site of service. Physician surveys were completed by
39 oncologists from 22 (84.6%) of the 26 participating
practices (no physician agreed to complete the survey at
one of the practices).

Survey Respondent Characteristics

Table 1 shows characteristics of patient participants. The
median age was 63 years (range, 29-89 years), and 305
(61.5%) were women. Most participants were white (394
[80.1%]), whereas 84 (17.1%) were Black or African
American. More than one third had high school education
or less, 124 (25.0%) received treatment at a rural center,

Utility of Digital System for Electronic PRO Symptom Monitoring
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70 (14.1%) had no prior internet experience, and 185
(37.4%) had at least some difficulty paying monthly bills. A
variety of cancer types were represented. Among nurses, all
were clinically involved with symptom management and
cared for patients participating in the trial, and all of the
physicians were medical oncologists.

Patient Survey Responses

Results of the 496 patient surveys at 3 months are shown in
Figure 1, and the 245 surveys at the off-study time point are
shown in the Data Supplement. Comprehension of the PRO
questions was high with 471 (95.0%) of 496 patients
strongly or somewhat agreeing that questions were easy to
understand at 3 months (and 230 [95.0%] of 242 at off
study). General usability of the digital ePRO system was
also high, with 463 (93.3%) of 496 strongly or somewhat
agreeing that the system was easy to use at 3 months (227
[93.4%] of 243 at off study). A meaningfulness/relevance
question was added to the survey partway through the trial
and therefore was administered to fewer patients; 350
(91.4%) of 383 strongly or somewhat agreed that the PRO
questions were relevant to them at 3 months (214 [90.3%]
of 237 at off study).

TABLE 1. Characteristics of Patients

Characteristic

No. (%) of
Patients
(N = 496)

Median (range) age, years 63 (29-89)

Female sex 305 (61.5)

Race

White 394 (80.1)

Back/African Americana 84 (17.1)

American Indian/Alaska Nativea 7 (1.4)

Asiana 2 (0.4)

Hawaiian/Pacific Islandera 1 (0.2)

Multiple races reporteda 4 (0.8)

Missing 4

Ethnicity

Hispanic/Latinx 11 (2.2)

Missing 1

Survey mode of administration

Web 323 (65.1)

Automated telephone 173 (34.9)

Education

1st-8th grade 6 (1.2)

9th-11th grade 29 (5.9)

High school graduate/GED 143 (28.8)

Some college, associate’s degree, or other
certification

187 (37.7)

College degree 79 (15.9)

Advanced degree 52 (10.5)

Employment status

Full time (≥ 40 hours)a 82 (16.6)

Part timea 61 (12.3)

Not currently working 352 (71.1)

Missing 1

Marital status

Married/partnered 326 (65.7)

Single, never marrieda 47 (9.5)

Separated/divorceda 68 (13.7)

Widoweda 55 (11.1)

Cancer clinic in rural area 124 (25.0)

Technical experience

Never used a computer, tablet, or smartphone
prior

46 (9.3)

Never used internet prior 70 (14.1)

Never used e-mail prior 91 (18.4)

Difficulty paying monthly bills

Not at all 219 (44.2)

Not very 91 (18.4)

(Continued in next column)

TABLE 1. Characteristics of Patients (Continued)

Characteristic

No. (%) of
Patients
(N = 496)

Somewhat 130 (26.3)

Very/extremely 55 (11.1)

Missing 1

Palliative care at baseline 51 (10.3)

Cancer type

Thoracic (lung, thyroid, thymus) 100 (20.2)

Breast 84 (16.9)

Colorectal, anal 84 (16.9)

Prostate 23 (4.6)

Gynecologic (ovarian, cervix, uterine, vaginal) 54 (10.9)

Myeloma, lymphoma 28 (5.7)

Melanoma, skin 10 (2.0)

Genitourinary nonprostate (bladder, kidney,
testicular, penile)

35 (7.1)

Gastroesophageal, small bowel 19 (3.8)

Other (brain, sarcoma, other soft tissue, head/
neck, unknown primary)

22 (4.4)

Pancreas, hepatobiliary 37 (7.5)

NOTE. Data are No. (%), as noted in column head, except when
otherwise noted in a row heading.
Abbreviation: GED, general education diploma.
aUnder each characteristic separately, combined into a single

category for analyses.
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Regarding communication/actionability, clinical utility, and
self-efficacy, perceived benefits increased over time after
more experience with the system. Among participants, 359
(72.5%) of 495 felt the process improved discussions with
their care team at 3 months, which increased to 188
(77.0%) of 244 at off study; 345 (70.0%) of 493 stated their
doctor or nurse used the symptom information they re-
ported at 3 months, which increased to 196 (80.7% of 243)
at off study. In addition, 381 (77.1%) of 494 noted that self-
reporting symptoms weekly from home made them feel
more in control of their own care at 3 months, which in-
creased to 205 (84.0%) of 244 at off study. In terms of
overall perceived value of the system, at 3 months, 443
(89.3%) of 496 strongly or somewhat agreed they would
recommend the system to other patients (223 [91.4%] of
244 at off study).

The survey also assessed practical and process aspects of
the system configuration. When asked about the frequency
of self-reporting symptoms, 357 (94.4%) of 378 patients
responded that weekly was “just about right” (n = 5 [1.3%]
said “not often enough”; n = 17 [4.5%] said “too often”).
The length of time to finish the weekly surveys was felt by
474 (95.6% of 496) to be reasonable (n = 20 [4.0%],
“neither agree nor disagree”; n = 2 [0.4%], “disagree”).
When asked if they would like the PRO symptom questions
themselves to be changed from time to time (eg, phrasing,
formatting, or appearance), 52 (13.6%) of 383 strongly
agreed, 117 (30.5%) somewhat agreed, 163 (42.6%)
neither agreed nor disagreed, 20 (5.2%) somewhat dis-
agreed, and 31 (8.1%) strongly disagreed. Regarding the
educational materials about home symptom management
triggered for severe or worsening symptoms, 302 (61.8%)
of 489 felt the materials were useful.

Relationships of Patient Survey Responses With

Completion of Weekly PRO Self-Reports, Technical

Experience, and Baseline Patient Characteristics

Table 2 shows that virtually all patient feedback survey
questions were significantly positively correlated with

completion of weekly PRO self-reports in both univariable
and multivariable analyses, demonstrating an association
between higher rates of PRO completion with higher per-
ceived comprehension, general usability, meaningfulness,
actionability, clinical utility, and self-efficacy related to the
system. Notably, the rate of completion of PRO weekly
reports overall has been high to date in this ongoing trial,
with 92% of expected weekly reports completed on time
across all patients (85% directly by patients, 4% by
caregivers, and 3% by staff on behalf of patients). None-
theless, there has been variation in individual patients’
compliance with weekly reporting, ranging from 17% to
100%. Once the trial is complete, details of compliance
rates will be published separately.

Both comprehension (“questions were easy to understand”)
and general usability (“system was easy to use”) were
significantly correlated with prior experience using con-
nected technologies, specifically with experience using
e-mail or the internet (Table 2). However, significant cor-
relation was not seen with simply using a computer/tablet/
smartphone previously. Notably, there was a negative
correlation of prior internet use with both meaningfulness/
relevance (“questions were relevant to me”) and commu-
nication/actionability (“improved discussions with my doc-
tor/nurse”), suggesting that the system may offer particular
benefits for patients lacking prior experience with con-
nected technologies. Patient-selected survey mode was
significantly related to comprehension, general usability,
and value in favor of web over automated telephone,
whereas clinical utility favored automated telephone. It is
unclear in this analysis whether these associations were due
to factors leading patients to select one mode or another, or
to inherent experience using those modes.

Table 2 also shows relationships between patient survey
responses and other patient baseline characteristics. White
race was significantly positively correlated in univariable
and multivariable analyses with perception that the PRO
system improved communication/actionability, clinical

70%

46%

51%

39%

63%

84%

83%

20%

32%

19%

33%

28%

10%

12%

9%

20%

27%

25%

6%

4%

2%

Would recommend to others

Made me feel more in control of my own care

My doctor/nurse used the information I reported

Improved discussions with my doctor/nurse

Questions were relevant to me

Web/telephone system was easy to use

Questions were easy to understand

Strongly agree

Somewhat agree

Neither agree nor disagree

Somewhat disagree

Strongly disagree

FIG 1. Patient feedback survey responses at 3 months.
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utility, self-efficacy, and value, but not comprehension,
usability, or meaningfulness/relevance. Higher educational
attainment was significantly positively correlated with us-
ability and was negatively correlated with meaningfulness/
relevance, communication/actionability, and self-efficacy,
suggesting that the added benefit of the PRO system may
be greater for patients with less education. Statistical sig-
nificance of these negative correlations was retained in the
multivariable model.

Nurse Survey Responses

Figure 2 shows results of the nurse survey. In terms of
clinical utility, 44 (78.6%) of 56 nurses indicated that
patient self-reported information was helpful for docu-
mentation in the electronic medical record; 47 (83.9%)
noted the information improved quality of discussions
with patients; and 47 (83.9%) found that the information
increased efficiency of discussions with patients. In an
additional clinical utility question posed as “yes/no” (not
shown in the figure), 42 (75.0%) of nurses felt that
overall, patient self-reported information was useful for
patient care. In terms of quality and value of care, 39
(69.6%) of nurses felt that the system improved quality of
care for patients; 33 (58.9%) would like to use it in the
future, and 36 (64.3%) would recommend it to other
clinics.

Because alerts are known to be a potential dissatisfier for
providers, nurses were asked about the number of ePRO
alerts received, with 26 (47.3%) of 55 stating “too many,”
19 (34.5%) saying “just right,” one (1.8%) reporting “too
few,” and nine (16.4%) stating “unsure.” When asked if
they found alerts to be helpful, 40 (71.4%) of 56 agreed,
seven (12.5%) neither agreed nor disagreed, and nine
(16.1%) disagreed. The preferred mechanism for receiving
alerts was by e-mail (38 [69.1%] of 55) followed by EHR
message (11 [20.0%] of 55), although the ePRO system in
this trial was not integrated with EHRs. When asked how

much time it took to review each ePRO alert, 29 (52%) of 56
nurses noted , 5 minutes, 20 (36%) of 56 noted 5-10
minutes, and five (9%) of 56 noted 11-20 minutes (one
noted . 20 minutes, and one said “not applicable”).
Nurses were also asked how long it took to review full
symptom reports at clinic visits; 22 (39%) of 56 stated ,
5 minutes, 15 (27%) of 56 stated 5-10 minutes, and three
(5%) of 56 stated 11-20 minutes (one noted. 20 minutes,
and 15 said “not applicable”).

Regarding the symptom management pathway accom-
panying alerts, 28 (50.0%) of 56 nurses stated they had
used the pathways, among which 23 (82.1%) of 28 agreed
the pathways are useful (n = 2 [7.1%], neither agree nor
disagree; n = 3 [10.7%], disagree).

Physician (oncologist) Survey Responses

Among oncologists, 34 (87.2%) of 39 noted that they had
actively reviewed patient self-reported information from the
study during clinical care, generally through discussions
with nurses, and 31 (91.2%) of the 34 stated that they
found the information to be useful. In terms of clinical utility,
when asked if they used the patient-reported information to
guide discussions with patients, 11 (32.4%) of 34 stated
often, 11 (32.4%) of 34 said sometimes, and 10 (29.4%) of
34 said rarely. Similarly, when asked if they used the
patient-reported information to make treatment decisions,
seven (20.6%) of 34 stated often, 15 (44.1%) of 34 said
sometimes, and nine (26.5%) of 34 said rarely. When
asked what the ideal approach would be for them to receive
patient-reported information at clinic visits, 52% indicated
computerized in the EHR; 26% desired it to be printed out,
20%wished to have a tablet computer brought to them with
the information, and 2% wanted to be told the information
directly by patients.

DISCUSSION

Structured feedback from a diverse group of adult patients
completing PRO questionnaires digitally in community

Very often

Often
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Rarely

Never
18%

21%

14%

39%

36%

34%
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Information improved efficiency

Information improved discussions with patients

Information helpful for EHR documentation

Strongly agree
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Strongly disagree
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29%

25%
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30%

45%

13%

14%

16%

11%
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Would recommend the system to other clinics

Would like to use system with future patients

Improved quality of care for patients

FIG 2. Nurse feedback survey responses.
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oncology practices indicates high levels of comprehension,
ease of use, perceived meaningfulness, relevance, com-
munication, actionability, clinical utility, improvement of
self-efficacy, and value. Feedback from nurses and on-
cologists caring for these patients demonstrates favorable
perceptions of clinical utility and impact on quality and
value of care.

The concept of clinical utility in the context of digital health
technologies refers to its relevance and usefulness in care
delivery.20-22 Feedback on the PRO-TECT ePRO digital
system, and the PRO-CTCAE questions within it, demon-
strates that, from patient and provider perspectives, these
have utility in the conduct of routine cancer care. Dem-
onstrating this in a digital health platform is a key step in
understanding its role in care and in the likelihood of
ultimate successful widespread implementation.26 The
findings in this study leave little doubt that the design and
functionalities of the PRO-TECT digital system and PRO-
CTCAE questionnaire are viewed as valuable tools to en-
hance delivery of quality cancer care by both patients and
clinicians.

Patient endorsement was particularly high for compre-
hension and ease of use. Scores related to communication/
actionability, clinical utility, and self-efficacy increased over
time between the 3-month and off-study survey time points,
suggesting that, as an ePRO system becomes more in-
tegrated into processes of care for a patient, its value in-
creases. Most patients agreed that weekly is a favored
frequency for ePRO questionnaire administration, in this
context of treatment of advanced and metastatic cancers.

Scores on patient feedback survey questions were signif-
icantly positively associated with completion rates of weekly
ePRO self-reports, demonstrating a relationship between
greater patient comfort using the system, as well as per-
ceived value of the system, with willingness and ability to
use it. Therefore, efforts should be made for future ePRO
systems to optimize ease of use and to communicate to
patients the clinical relevance and value of the system for
their care. Notably, in this trial, almost 40% of patients
chose to use an automated telephone interface rather than
a web interface (particularly older patients, those living in
rural areas, or those with lower educational levels),27

reflecting the importance of offering interface options to
ensure that patients who prefer more traditional technol-
ogies are not excluded.

Most patients (62%) felt that there was usefulness in the
provided educational materials about home symptom
management. Toward the future, efforts to integrate self-

help materials within the software system, rather than as
a separate module, may increase usefulness.

Although nursing perspectives were generally favorable,
there was a consistent minority with unfavorable views,
including 16% who felt the system rarely or never improved
discussions with patients; 14% who felt it did not improve
quality of care, 27%who would not want to use it with future
patients, and 24% who would not recommend it to other
clinics. An ongoing qualitative interview substudy is eliciting
input from nurses on barriers to implementing ePROs and
causes of dissatisfaction, which will be reported separately.

A likely underlying source of dissatisfaction for clinicians
using digital systems to monitor symptoms during routine
cancer care is alert fatigue. Alerts are frequently triggered
by the PRO-TECT system, because the participating pop-
ulation is ill and highly symptomatic. Approximately one
third of ePRO weekly questionnaires triggered an alert to
nurses. Notably, 47% of nurses felt there were “too many”
alerts. Yet, 93% noted they would like to receive future
alerts for severe symptoms. This disconnect reveals an
underlying tension that is common with care transformation
approaches: perceived added work of an innovation can
offset perceived benefits. Feedback in this study revealed
that the amount of time spent by nurses on any given alert is
small (most taking , 5 minutes to address). Although
ePROs can decrease ultimate workload by preventing
downstream complications that can be highly time con-
suming and costly, this benefit is usually not perceived
directly by clinicians. Rather, the burden of incoming alerts
is felt on top of their existing workloads. For ePRO systems
to be fully embraced by providers, underlying changes to
workflows and personnel deployment are necessary to
monitor and address incoming alerts, and to prevent
providers from feeling burdened by an intervention that in
fact enhances their ability to effectively manage patients.
Methods for refining the number of triggered alerts are
under development and will be reported separately.

In this study, the ePRO system was not integrated with
EHRs at practices. Given the timeline and multicenter
nature of the study, and the considerable time and tech-
nical effort required for such integration, it was not feasible.
Clinic staff members therefore forwarded alerts to nurses,
synthesizing the functionality of an EHR in-basket. In the
future, ideally, ePRO systems will be more fully integrated
with EHRs to enable seamless information flow of patient-
reported information into themedical record for providers to
view. In summary, this study supports the clinical utility and
value of integrating ePROs into routine cancer care from the
perspectives of patients, nurses, and physicians.
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FIG A1. Patient feedback survey responses at off-study time point.
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