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Abstract

Electronic patient-reported outcome (ePRO) systems for symptom monitoring in patients with cancer have shown quality of life
and survival benefits in controlled trials. They are beginning to be used in routine oncology practice. Many software developers
provide software solutions for clinicians, but how should clinicians decide which system to use? We propose a synthesis of the
main questions regarding the effectiveness, safety, and functionality of an ePRO system that a clinician should ask software
providersto assist in the selection of a software product in order to obtain the best value tools for their patients and their practice.
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Background

Electronic patient-reported outcome (ePRO) systems for
symptom monitoring of patients with cancer have had
demonstrated quality of life and survival benefitsin controlled
trials (Table 1). They also result in a reduction of emergency
hospitalization and have favorable cost-effectivenessand clinical
utility; in addition, users have good perceptions of ePRO
systems [1-9].
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The practical integration of these ePRO systems into patient
care is increasing and the positive results of trials have
contributed to their increased use. The organization of medical
teamsis challenging because it requires the presence of anurse
dedicated to initial alert management and a dedicated time for
the physician to respond to the aert.

It is challenging for clinicians and patients to identify systems
that will add valueto patient carein real life because the number
of ePRO toolsavailableisrapidly increasing, making it difficult
for physicians to choose just one.
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Table 1. Randomized studies of remote monitoring of patients with cancer by electronic patient-reported outcome systems.

Authors Number of Indications Questionnaires  Multicen-  Type of Improved outcome
patients used trictrial cancer
Basch, 2017 [1] and 2016 766 Toxicity monitoring NCI-CTcAE2 No All Quality of life, survival, re-
[9] duced emergency use
Mir, 2020 [2] 609 Toxicity monitoring PRO-CTCAEP No All Dose intensity
Basch, 2020 [3] 1191 Toxicity monitoring, follow- PRO-CTCAE  Yes All Quality of life, symptom con-
up, supportive care trol
Absolom, 2021 [4] 508 Toxicity monitoring NCI-CTCAE No All Quality of life, symptom con-
trol
Berry, 2014 [5] 752 Toxicity monitoring, support-  gns.15¢ Yes All Symptom control
ive care
Strasser, 2016 [6] 264 Toxicity monitoring, support-  gga<d Yes All Symptom control
ive care
Denis, 2019 [7] 133 Follow-up Not reported Yes Lung Survival
Maoony, 2021 [8] 252 Toxicity monitoring Not reported No All Quality of life, symptom con-

trol

3NCI-CTCAE: National Cancer Institute version of the Common Terminology Criteriafor Adverse Events.
bPRO-CTCAE: Patient-Reported Outcomes version of the Common Terminology Criteriafor Adverse Events.
¢SDS-15: Symptom Distress Scale-15.

dESAS: Edmonton Symptom Assessment System.

Many criteria can be used to select ePRO systems, although
there is little scientific literature focused on ePRO systemsin
oncology. However, some criteria on effectiveness, security,
and functionality are usualy included in telehealth or digital
therapeutics assessments [10-12].

In general, ePRO systems must meet specific criteria for both
the patient’s and clinician’s benefit. Here, we propose some
guestions that physicians may direct toward system providers
to help them choose arelevant ePRO software.

Effectiveness Criteria

1

Notifications must be sent to the medical team. This factor
appears to be more important than sending a notification
to the patient on their smartphone and allowing themto call
themedical center. Thiswasincluded in randomized studies
of ePRO systems for patients with cancer [1-9].

The solution must be amedical devicewith quality marking
such asaClass || CE mark [13-15]. This ensures that the
product complies with the essential requirements of the
relevant European Union legislation in which all devices
must be evaluated for clinical efficacy and any side effects,
if applicable, by means of preclinica and clinica
evaluation. AsePRO systemsare Class | lamedical devices,
manufacturers must provide full quality assurance such as
product and postmarket surveillance (materiovigilance) to
obtain conformity. The management of materiovigilance
isincluded in Class Ila CE marking and is mandatory.
The solution must use validated algorithms. Thisvalidation
aimsto assessreliability and the performance of algorithms
in detecting events, algorithms performance should be
published in journals[1-9,16,17].

The solution should contain algorithms that allow adverse
events monitoring of the main drugs used in oncology (ie,
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chemotherapy, immunotherapy, hormonotherapy, targeted
therapy, radiotherapy) [1-6,8,16,17].

As early supportive care improves survival in oncology,
the solution should contain algorithms to detect symptoms
that make a patient eigible for early supportive care
[3,5,6,18].

The solution should allow for follow-up of the patient to
detect complications or symptomatic relapse early, which
improves clinical utility and patient outcomes [3,7].
Clinicians should use sol utions with up-to-date algorithms,
especialy for patients receiving therapies such as
maintenance or long-course treatment. As the main new
drugs (eg, immunotherapy or targeted therapies) have only
been widely used for fewer than 5 years, solutions using
algorithms older than this should be avoided. This is
mandatory for Class Ila CE marking of medical devices
[13-15].

Validated questionnaires such as the Patient-Reported
Outcomes version of the Common Terminology Criteria
for Adverse Events (PRO-CTCAE) itemsfrom the National
Cancer Institute or the Edmonton Symptom Assessment
System (ESAS) should be used in the patient questionnaire.
The PRO-CTCAE measurement system was devel oped to
capture symptomatic adverse events in patients in cancer
clinical trials and is now recommended for ePRO remote
monitoring of symptoms because it eval uates the symptom
attributes of frequency, severity, and interference. It has
also been linguistically validated in more than 30 languages
[3,19]. ESAS is one of the most used patient-reported
outcome scales for symptom assessment in palliative care
and oncology in the past 25 years. Although it only uses
unidimensional scales to assess symptom intensity, ESAS
has been psychometrically validated, has been trandlated
into numerous languages, and isfreely available. A change
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of one point was found to be the optimal cutoff for both
improvement and deterioration for all 10 symptomsincluded
in ESAS using a sensitivity-specificity approach. As it
enablesrapid, pragmatic assessment of multiple symptoms
simultaneously, ESAS is used extensively in the clinical
setting for symptom screening and monitoring worldwide.
However, it cannot be used to monitor al treatment
toxicitiesbecause only 10 symptoms are assessed; the ESAS
does not include digestive symptoms (eg, vomiting,
diarrhed), cutaneous symptoms, fluid retention (eg, edema),
or sepsis. However, its routine use was associated with a
6% increase in 1-year overall survival in a retrospective
matched cohort study of 128,893 patients [20-22].

Safety Criteria

1

A real-life study assessment of the solution should be done
to confirm that performance and compliancearein linewith
that reported in premarket studies and to assess the
postmarket security of the solution. It isespecially important
to assessthe satisfaction of patientsin areal-life study [13].
In Europe, the solution must comply with the General Data
Protection Regulation (GDPR) that protects and secures
patient data. Data protection regulations strengthened the
management of alerts and the security of data transmitted
to the medical team [23].

Oncologists should avoid a solution that allows clinicians
to set alert thresholds themselves because the lack of data
about the safety and reliability of modified thresholds can
result in physician responsibility if a patient experiences
an adverse event (eg, following a false negative event).
Solutionsthat allow the creation of “homemade” algorithms
should be avoided for the same reasons as described in the
previous point.

Oncologists should avoid solutions developed by software
providers about which a critical security alert was issued
by health authorities (eg, risk of a serious adverse event
due to critical software dysfunction). Many countries are
already publishing these notifications on their health
agency’s portal (eg, the French national health security

agency [24]).
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Functionality

1

Asnot all patients have smartphones, the software should
allow for the sending of formsby mail or SM Stext message
to patients [3].

The software must alow different health professionals
(physicians and nurses and their colleagues) to manage
notifications [3].

There should be one softwarefor all major cancers, covering
the entire course of treatment (active treatment and
surveillance) to avoid the use of multiple software for one
patient. This would reduce the technical burden placed on
professionals and result in higher levels of satisfaction
among patients and health professionalsin routine use [3].
A single software containing an all-in-one algorithm
enabling the detection of toxicities, follow-up management,
and supportive care should be prioritized to avoid the use
of multiple software with different algorithms. Too many
different rulestriggering notifications to physicians reduce
understandability among users[3].

A free-text window triggering notifications when used
should be integrated into the patient form to improve
communication of other symptoms that are not present on
the form or to alow patients to ask health professionals
questions [3,7].

A software that allowsthe integration of patient reportsinto
the electronic health record of the health center would be
useful to improve the care team’s management of
notifications [4].

A software that contains cancer patient education modules
would assist in optimizing treatment tolerance and
compliance [25].

These criteriaare summarized in Figure 1.

As ePRO systemswill become a standard of quality of carefor
patients with cancer, the use of these solutions will increase,
but their efficacy, security, and functionality should be
warranted by the software providers to give the same benefit to
real-life patients to allow reimbursement for these tools by
health authorities.
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Figure 1. Criteria synthesis of ePRO systems for remote monitoring of patients with cancer by oncologists. EMR: electronic medical record; ePRO:
€lectronic patient-reported outcome; ESAS: Edmonton Symptom Assessment System; PRO-CTCAE: Patient-Reported Outcomes version of the Common

Terminology Criteriafor Adverse Events.
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