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Abstract

Purpose: To investigate the feasibility of implementing a remote patient monitoring system using an electronic patient-
reported outcomes (ePROs) platform in a tertiary cancer center in the Republic of Ireland.

Methods: Patients receiving oral chemotherapy and oncology clinicians were invited to participate in the study. Patients were
asked to submit weekly symptom questionnaires through an ePRO mobile phone application (app)-ONCOpatient®. Clinical
staff were invited to use the ONCOpatient® clinician interface. After 8 weeks all participants submitted evaluation
questionnaires.

Results: Thirteen patients and five staff were enrolled in the study. The majority of patients were female (85%) with a median
age of 48 years (range 22-73). Most (92%) were enrolled over telephone requiring on average 16 minutes. Compliance with
the weekly assessments was 91%. Alerts were triggered by 40% of patients who then required phone calls to aid with symp-
tom management. At the end of study, 87% of patients reported they would use the app frequently, 75% reported that the
platform met their expectations, and 25% that it exceeded their expectations. Similarly, 100% of staff reported they would
use the app frequently, 60% reported that it met their expectations, and 40% that it exceeded their expectations.

Conclusions: Our pilot study showed that it is feasible to implement ePRO platforms in the Irish clinical setting. Small sample
bias was recognized as a limitation, and we plan to confirm our findings on a larger cohort of patients. In the next phase we
will integrate wearables including remote blood pressure monitoring.
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Figure 1. Patient facing interface—symptom assessment feature.
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Results

In the last 7 days, what was the SEVERITY of
your DECREASED APPETITE at its WORST?

In the last 7 days, how much did
DECREASED APPETITE INTERFERE with your
usual or daily activities?

In the last 7 days, what was the SEVERITY of
your SHORTNESS OF BREATH at its
WORST?

I the last 7 days, how much did your
SHORTNESS OF BREATH INTERFERE with
your usual or daily activities?

In the last 7 days, how OFTEN did you have
PAN?

If severe the
patient will be
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their hospital
immediately

EMAIL ALERTS

SMS Text

Figure 2. Alerts triggered by patients’ responses are transmitted via email or sms as per end-user preference. Patients reach appropriate

team members directly via pre-programmed phone numbers.

rely on personal recollection which jeopardizes reliability.
European Society of Medical Oncology (ESMO) guidelines
recommend implementation of ePROs in routine clinical
practice.1 Furthermore, randomized studies have shown
that the use of ePROs is feasible without increasing clinical

burden.'® To date, electronic symptom monitoring has
never been implemented in clinical oncology in the
Republic of Ireland. This leads to delays in symptom
control interventions and potentially increases the need
for emergency department visits.
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Our primary objective was to test the feasibility of using
a smart phone-based ePRO app ONCOpatient® in the Cork
University Hospital (CUH), a tertiary cancer center.
Secondary objectives included assessment of the workload
required for patient profile setup and further optimization of
the end-user experience using participant feedback.

Methods

Recruitment and enrollment

Suitable patients were identified by the clinical staff during
outpatient clinic visits. They were approached in person and
recruited by convenience sampling. Inclusion criteria were
age >18 years, capable of informed consent, life expectancy
>3 months, metastatic solid tumor malignancy, on oral
anti-cancer treatment and access to a smart phone device.
Patients were set up with a unique digital profile containing
identifying information and details pertaining to their
disease and treatment. Staff were recruited during regular
clinical hours and granted access to the ONCOpatient®
platform through a secure ONCOassist® account. All parti-
cipants signed an informed consent.

ONCOpatient® clinician facing interface providing information on patients’ treatment, symptoms and compliance.

Study design

This non-randomized, prospective, single arm study was con-
ducted between January and April of 2022. Study received
approval by the University College Cork Clinical Research
Ethics Committee (CREC) and a Service Provider Data
Processing agreement was signed between the senior author
and the ONCOassist®. Feasibility was defined as >70% com-
pliance with the weekly symptom assessments.'*!!

ONCOpatient® development and overview

ONCOeassist® provided English language-based digital
solutions compatible with Android and iOS platforms.
Patient and clinician interfaces were developed in collabor-
ation with the CUH Medical Oncology team and concord-
ant with the ESMO guidelines on ePROs."'>~'* National
Cancer Institute’s Patient-Reported Outcomes version of
the Common Terminology Criteria for Adverse Events
(NCI-PRO-CTCAE™)'3 was used to generate the adaptive
questionnaires.'® The patient facing interface allowed
symptom assessment (Figure 1) medication management
and communication with the care team. Alerts were
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Table 1. Baseline patient characteristics.

Age group

<50 6 (46)
50-60 4 (31)
60-70 2 (15)
>70 1(8)
Sex

Male 2 (15)
Female 11 (85)
Cancer type

Breast 9 (70)
Melanoma 2 (15)
Colorectal 1(7)
Lung 1(7)
Treatment

CDK& 9 (70)
BRAF/MEK 2 (15)
Cytotoxic 1(7)
EGFR TKI 1(7)

CDKa4/6: cyclin-dependent kinases &4 and 6; BRAF: proto-oncogene BRaf
inhibitor; MEK: mitogen-activated protein kinase inhibitor. EGFR: epidermal
growth factor receptor; TKI: tyrosine kinase inhibitor.

generated (Figure 2) and acted upon by the clinical team
within 24 hours if a patient reported severe symptoms
(>grade 3) or a deterioration of any symptom by
>2points.® ePRO reports were assessed weekly to ensure
continuous functioning of the platform and whenever an
adverse change in symptom score triggered an alert.
Medication reminders were sent to patients via push notifi-
cations and compliance was self-recorded. The ePRO clin-
ician facing interface (Figure 3) provided an organized
overview of the patients’ diagnosis, symptom tracking,
treatment and compliance.

Data collection and processing

Responses to weekly assessments of 12 common cancer-
related symptoms were captured for 8 weeks.> Patients

Table 2. Assessments of feasibility, treatment compliance and
workload.

Assessments compliance

100% 8 (61)
70%=-99% 4 (31)
<70% 1(7.7)

Average % [range] 91% [38-100]

Medications compliance

70%-100% 5 (38.5)
40%-69% 7 (54)
1%-39% 1(7.7)

Average % [range] 62% [9-97]

Onboarding

Phone 12 (92)
In person 1(8)
Onboarding time (minutes) 15 [9-25]

reported on pain, fatigue, nausea, vomiting, constipation,
diarrhea, shortness of breath, cough, numbness, painful urin-
ation and hot flashes. They recorded symptoms on a scale of 0
to 4 using the validated NCI-PRO-CTCAE™ assessment
scale. These specific symptoms were chosen as baseline as
their use in ePRO assessments has been shown to improve
clinical outcomes for cancer patients in a randomized clinical
trial.® Patients were allowed to modify the questionnaires if
they wanted to add a new symptom or remove an irrelevant
one. At the end of the study all participants submitted
anonymous questionnaires supplemented by free text to
reflect their experience with the platform.

Encrypted data was safely stored on the ONCOpatient®
Amazon Web Services (AWS) cloud infrastructure residing
in the Republic of Ireland and in compliance with both
Health Insurance Portability and Accountability Act
(HIPAA) and European Union General Data Protection
Regulation (GDPR) requirements.

Statistical analysis

Statistical analysis was performed using Excel software.
Categorical variables were reported as frequencies (n) and
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Figure &. End of study responses (see Appendix A).

percentages (%). Continuous variables were reported as
mean with standard deviation (SD) or median with inter-
quartile range (IQR) as needed.

Results

Study population

In total 18 participants entered the study, 13 patients and 5
clinical staff members. All staff and patients who were
approached during recruitment, agreed to participate. Most
patients were female (n =11, 85%). Nine patients (70%) had
metastatic breast cancer on a CDK4/6 inhibitor, 2 had meta-
static melanoma on BRAF/MEK inhibitors, 1 had metastatic
lung cancer on an EGFR tyrosine kinase inhibitor and 1 had
metastatic rectal cancer on oral chemotherapy. The median
age was 48 years (range 22—73) (Table 1). In terms of clinical
participants, 1 consultant, 3 medical oncology registrars and 2
Clinical Nurse Specialists participated in the study.

Feasibility

Average compliance with the weekly symptom assessments
was 91%, range (38%—-100%), and the self-reported compli-
ance with oral medication was 63% (range 9%-97%)
(Table 2).

Added workload

Twelve patients (92%) were set up by telephone and the
average time it took to complete the process was

16 minutes (range 9-25 minutes). In-person setup was
completed for 1 patient and the time it took was
10 minutes. Alerts were triggered by 5 patients, and they
received advice over telephone from their clinical team.
No patient triggered more than one alert. Symptoms
which triggered alerts were pain, nausea, cough, numb-
ness/tingling and hot flushes.

End of study feedback

At the end of the 8-week study period 8 of 11 patients and 5
of 5 clinical staff members completed the web-based survey
(Figure 4, Appendix A). The majority (87%) of patients
reported that they would use the app frequently, 75% felt
that the app met their subjective expectations and 25%
that it exceeded their expectations. Three clinicians (60%)
reported that the app met their subjective expectations and
40% that it exceeded their expectations. All participants
found the app easy to use and reported that they would
use it frequently. Standard 12 symptom questionnaires
were modified by 5 (40%) of patients and presence of this
feature was confirmed as favorable in the free text feedback.
Free text suggestions were heterogenous and mostly per-
tained to the suggestions on how to improve the app graph-
ics as well as medication management features of the app.

Discussion

To our knowledge, this is the first study in the Republic of
Ireland to assess the feasibility of implementing an ePRO
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platform in the setting of clinical oncology. Limitations of
the study were the small number of participants and focus
was on the oral chemotherapy patients only.

Most patients were women with breast cancer on
CDK inhibitors. It was felt that this would not affect
the goals of our study as previous publications indicated
no significant differences in terms of compliance
regardless of sex.® However, we will ensure better
gender balance in future studies to avoid the interpret-
ation bias.

In terms of added workload we only studied the time
required for the initial patient profile setup and additional
aspects of the clinical workload will be addressed in the
future studies

Our pilot study was not designed to assess the impact of
the interventions on the symptom burden and hospitaliza-
tion rates. However multiple prior studies on PRO imple-
mentation already showed favorable impacts on these
factors™' 7"

Most patients with low (<50%) medication compliance
were in the CDK4/6 inhibitor group where the treatment
schedule depended on both pre-cycle absolute neutrophil
counts as well as the standard treatment schedule of 3
weeks on and 1 week off. Possible explanations for the
low recorded compliance could be issues with initial app
set up and treatment delays due to low neutrophil counts.
This was recognized as one of the limitations of the
ONCOpatient® app. Further iterations of the platform
have been implemented to ensure more accurate compli-
ance measurement. We are planning to add a feature to
help differentiate whether patients missed doses due to
compliance versus safety issues.

Next steps will involve enhancing ONCOpatient® to
perform digital phenotyping by integrating data captured
via blue tooth-enabled home blood pressure monitors and
other wearable devices.’>>> We also plan to develop a
dedicated ePRO team and to integrate ePRO’s into formal
nursing triage systems.'”

Conclusion

Our pilot study showed that it is feasible to implement an
ePRO platform in an Irish tertiary cancer center with high
levels of patient and clinician satisfaction. It will be important
to continue developing and testing the platform in a larger
cohort of patients and in a wider variety of clinical settings.
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