PharmacoEconomics - Open (2019) 3:359-365
https://doi.org/10.1007/541669-019-0121-8

ORIGINAL RESEARCH ARTICLE ;')

Check for
updates

Remote Monitoring of Patient-Reported Outcomes in Ulcerative
Colitis: A Prospective Real-World Pilot Study

Shaji Sebastian' - Jenna Roberts? - John Waller? - Davneet Judge?® - Chloe Brown* - Ruth Davies* -
Sumesh Kachroo®

Published online: 21 March 2019
© The Author(s) 2019

Abstract

Introduction The 6-point version of the Mayo score relies on two patient-reported outcomes (PRO2): stool frequency and
rectal bleeding. We assessed the feasibility and acceptability of remote online PRO2 reporting for golimumab-treated ulcera-
tive colitis (UC) patients.

Patients and Methods This was a UK-based, multi-centre, prospective, real-world, non-interventional pilot study. Eligible
patients completed PRO2 scores at baseline and every 4 weeks over a period of 6 months. Demographics were collected at base-
line and a satisfaction questionnaire was completed at study end. Each patient provided data anonymously via an online platform.
Results Fifty-two patients enrolled in the study. Mean (SD) patient age was 40.8 (13.6); 52% were male. Patients provided
data on a personal computer (44%), mobile phone (38%) or tablet (18%). Forty-seven (90%) patients completed the baseline
questionnaire within the accepted time range. Subsequent scores were reported on time by eligible patients with a success
rate of 94%, 92%, 90%, 87%, 90% and 81% at end of months 1-6, respectively.

Conclusions Remote monitoring of PRO2 in UC was feasible amongst the sample tested. Of those initially willing to provide
data in this way, attrition was low. Formal roll-out of this system could be used to support a more frequent assessment of
UC symptoms without over-burdening the healthcare system.

1 Introduction
Key Points for Decision Makers
Ulcerative colitis (UC) is a chronic inflammatory disease

This pilot study assessed the feasibility of measuring of the colon characterised primarily by bloody diarrhoea
disease activity via the 6-point version of the Mayo score and inflammation of the mucosa of the colon and rec-
(PRO2 score) in ulcerative colitis patients. tum [1]. Treatment goals include inducing and maintain-

ing remission, although mucosal healing may also be an
important aim [2]. The introduction of biologic therapies
has provided new opportunities for improved disease con-
trol, including mucosal healing. Several options are now

The results from the study support the feasibility of
using remote monitoring systems (i.e. mobile phones,
tablets or personal computers) to capture PRO2 scores.

Patients within the study reported high satisfaction and available, including infliximab, adalimumab, golimumab,
acceptance of remote monitoring, whilst also stating they tofacitinib and vedolizumab.
would consider this method of data reporting in the future. Golimumab is a subcutaneously administered, fully
human anti-tumour necrosis factor (TNF) antibody indi-
Electronic supplementary material The online version of this cated for moderate-to-severe active UC. In the PURSUIT
article (https://doi.org/10.1007/s41669-019-0121-8) contains (Program of Ulcerative Colitis Research Studies Utiliz-
supplementary material, which is available to authorized users. ing an Investigational Treatment) phase III clinical pro-
gramme, clinical remission and clinical response were
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ure of disease activity comprising stool frequency, rec-
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relative to placebo, maintained clinical response at week
54, and achieve remission at week 30 and week 54 [3].

In routine clinical practice, regular assessments of
disease activity can help ensure that treatment goals are
met, the patient is receiving the most appropriate therapy,
and the risk of complications is monitored. Endoscopic
evaluation has been described in the literature as the gold
standard for disease monitoring in UC [4, 5]. However,
its invasive nature and the associated cost and patient bur-
den limit the frequency that endoscopy can practically be
performed [5, 6].

Clinical symptoms are important in UC and may include
abdominal pain, fever, diarrhoea, increased stool frequency
and rectal bleeding. The latter two symptoms are self-
reported by patients as part of a 6-point version (PRO2)
of the Mayo score disease activity index [7]. Measuring
PRO2 scores is non-invasive, is not reliant upon laboratory
tests or face-to-face involvement of a clinician, and cor-
relates well with other disease severity measures [8—10].
This brief instrument could provide a useful and convenient
way of monitoring disease activity, including remotely, for
example, via regular patient reports of these outcomes on
a smartphone, tablet or computer. Such reporting of PRO2
scores may allow physicians to better monitor the pattern
of disease activity over time, without overburdening the
patient or the healthcare system. Indeed, greater use of
information communication technology (ICT), including
mobile devices in healthcare (eHealth), has been identified
as a priority by the European Commission [11].

In line with this, remote monitoring systems (e.g. tele-
phones, smartphones and web portals) for managing chronic
diseases are currently being explored across a broad range
of therapy areas, including UC [11, 12]. Initial data from a
small qualitative study (n=24) suggests that inflammatory
bowel disease patients are very receptive to this idea [13, 14].

The primary objective of the present pilot study was to
assess the feasibility and acceptability of remote online
reporting of disease activity using the PRO2 scores for
golimumab-treated UC patients. Scores were collected every
4 weeks over a 6-month period and patients also completed
a satisfaction questionnaire at study end.

2 Patients and Methods
2.1 Study Design and Patient Population

This was a UK-based, multi-centre, non-interventional,
prospective, real-world pilot study of golimumab-treated
UC patients involving a brief Case Report Form (CRF) and
online data collection of patient-reported outcomes (REC
approval number: 16/L0O/1880).
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Patients were eligible to participate in this study if, at
the time of enrolment, they were > 18 years old, had a diag-
nosis of UC, had been treated with golimumab for at least
4 weeks prior to enrolment, volunteered to participate in
the study for a period of 6 months (although they had the
right to withdraw at any point), were not involved in an
interventional clinical trial for UC, were being treated as
an outpatient at the time of enrolment and provided writ-
ten informed consent. Eligible patients who consulted with
their UC healthcare team during the recruitment phase were
invited to participate in the study on a consecutive basis
and patients were recruited from ten secondary care sites
across the UK. All patient-reported outcome measures were
provided in an online format; all patients therefore required
access to a home computer, tablet or smartphone. Device
choice was driven by patient preference and/or accessibil-
ity. All treatment decisions for participating patients were
made outside of the research and were not influenced by the
patient’s involvement in the study. Patients were informed at
the start of the study that their responses would not be shared
with the healthcare team, and, therefore, their participation
within the study would have no impact on the care that they
received. Instead, the data were transferred directly to an
independent research team. No patient identifiable informa-
tion was collected throughout the study and all responses
were anonymised.

2.2 Study Measures
2.2.1 Patient-Reported Data

Patient-reported PRO2 scores were captured online at base-
line (defined as the date of patient enrolment into the study)
and then every 4 weeks over a period of 6 months (up to 7
scores per patient at the end of the study). The PRO2 ques-
tionnaire consists of two separate questions (stool frequency
and rectal bleeding), with four response options each, scored
from normal (no disease symptoms) to most severe symp-
toms (0-3) (further detail can be found in “Appendix”). A
PRO2 score of 0 indicates inactive UC and a score of 6
indicates active disease and spontaneous bleeding. Patients
were also asked to complete additional validated patient-
reported outcome (PRO) measures on health-related quality
of life and work productivity at baseline and study end but,
as these data are not pertinent to the primary objective, they
are not presented here.

Additional baseline questions in the patient questionnaire
included patient demographics and recent disease severity.
The severity question asked patients to rate how severe their
symptoms had been over the 1 month prior to enrolment on
a 5-point scale from ‘not severe at all’ to ‘worst imagina-
ble’. Disease severity was also assessed at study end using
the same scale; here patients rated their symptoms over the
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previous 6 months, i.e. the study period where PRO2 scores
were captured.

An evaluation/satisfaction questionnaire was also
included at study end to assess patient acceptance of remote
reporting and overall satisfaction with providing the PRO2
scores electronically every 4 weeks (questionnaire provided
in electronic supplementary material). Seven of these ten
questions were rated on a 5-point scale, where O corre-
sponded to ‘not at all’ and 4 corresponded to ‘very much
so’. Patients were asked how often they could realistically
use online reporting in future with five options ranging from
less than once a month to up to twice per week. An overall
satisfaction question was also included with three response
options (not at all satisfied, neither satisfied nor dissatisfied,
and very satisfied). Finally, patients were asked if they would
like to use online reporting in future for communication with
their healthcare team (yes, no or maybe).

All questionnaires were administered via a web-based
application (Open Clinica), and a link to this site was sent
to patients via email and/or text. The link directed patients
to the relevant questionnaire measures, which could be
completed on their choice of device. For the baseline ques-
tionnaires only, patients indicated whether they had used
a personal computer, smart phone or tablet to provide the
requested data. Once patients had submitted their ques-
tionnaire data, the link for that data collection timepoint
was closed and patients could not view or modify their
responses. Notifications and reminders were utilised as part
of the study, in order to enhance response rates; two notifica-
tions were sent out prior to each data capture time point (one
the day before and one on the actual day). If no PRO2 score
was provided by the patient at the designated time point, up
to three standardised text/email reminders were sent out on
consecutive days. If the PRO2 response was not completed
by the third reminder, no further reminders were issued and
the link to the questionnaire closed until the next score was
due the following month.

2.2.2 Physician-Reported Data

Physicians or delegated site personnel completed two online
CREFs for each recruited patient capturing retrospective sec-
ondary data from medical records. The baseline CRFs cap-
tured key demographic, clinical, and treatment information
at baseline and basic healthcare resource use (e.g. number of
appointments) for up to 6 months prior to enrolment. At the
end of the 6-month follow-up period, an additional section of
the CRF became available to capture retrospective data from
the study period (i.e. any changes to treatment occurring
during the study period such as golimumab discontinuation
or switch to another therapy).

Data were collected from March 2017 to March 2018.

2.3 Statistical Analyses

Descriptive statistics are shown for all data using Version
15.0 of the Stata software package (StataCorp LLC, Col-
lege Station, TX, USA) and SPSS Data Collection Survey
Reporter 7.

To determine acceptance of the PRO2 remote report-
ing requirements, patients were classified as ‘successfully
completed’ if each PRO2 score was provided within 3 days
of the scheduled time point. Results describe the number
of patients failing to report scores at each time point. Data
from the satisfaction/evaluation questionnaire are summa-
rised with descriptive statistics.

3 Results
3.1 Patient Characteristics

A total of 52 patients enrolled in the study and 27 (52%)
were male. Mean (SD) age was 40.8 (13.60) years. Patients
were diagnosed with UC for a mean (SD) of 9.0 (7.78) years
and had been receiving golimumab for a mean (SD) of 11.6
(9.50) months at the time of study enrolment. Most patients
(41 patients, 79%) were biologic-naive prior to golimumab
treatment. By the end of the study, four (8%) patients had
discontinued golimumab treatment (Table 1). Patients self-
reported symptom severity at both baseline (severity experi-
enced 1 month before enrolment) and at the study endpoint
(experienced over the 6-month study duration). The pro-
portion of patients experiencing very severe and somewhat
severe symptoms was similar at baseline (n= 12, 24%) and
6 months (n=11, 24%) (Table 2).

3.2 Patient-Reported Data Completion and Dropout
Rates

The majority of patients enrolled in the study completed
all questionnaires over the 6-month study period (n =46,
89%) (Table 3). In total, 6 (11%) patients failed to provide
a score at various points in the study. Most patients who
provided the required data did so within the allotted 3-day
time period. The highest proportion of late responses were
recorded at the final study time point where 4 of the 46
patients who were still in the study responded to their final
questionnaire late (Table 3). Fifty (96%) patients com-
pleted the baseline PRO2 measure and subsequent scores
were successfully completed by patients at a rate of 47
(90%), 49 (94%), 48 (92%), 47 (90%), 45 (87%), 47 (90%),
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Table 1 Patient demographic
data collected from medical

charts BMLI, n=37; mean (SD), range

Length of time diagnosed with UC at study enrolment (y), n=48; mean (SD),

range

Length of time with UC before receiving golimumab (y), n=48; mean (SD),

Age at study enrolment (y), n=>52; mean (SD), range

40.8 (13.60), 19.0-73.0
27.8 (4.50), 21.0-39.0
9.0 (7.78), 0.75-32.8

7.9 (7.85),0.4-31.8

range
Length of time receiving golimumab before study enrolment (mo), n=52; mean  11.6 (9.50), 0-36.0
(SD), range
Gender, n=52; n (%)
Male 27 (52)
Female 25 (48)
Biological-naive prior to golimumab treatment, n=>52; n (%)
Yes 41 (79)
No 11(21)
Patients discontinuing golimumab during study period, n=52; n (%)
Yes 4 (8)
No 48 (92)

mo months, SD standard deviation, UC ulcerative colitis, y years

Table 2 Patient-reported symptom severity

Symptom severity, n (%) Baseline Over 6 months
n=50 n=46

Not severe at all 19 (38) 14 (30)

Mild 19 (38) 21 (46)

Somewhat severe 9 (18) 8(17)

Very severe 3(6) 3(7)

Worst imaginable 0 0

and 42 (81%) at baseline and the end of months 1 to 6,
respectively (Table 3). As assessed at baseline, 22 patients
(44%) provided data on a personal computer, 19 (38%) on
a smartphone, and 9 (18%) on a tablet. Device choice was

driven by patient preference and did not necessarily remain
stable throughout the study.

3.3 Patient-Reported Perceptions
on the Acceptability of Remote Data Reporting

Patient-reported satisfaction with remote monitoring was
high, with 35 (76%) of patients stating they were very sat-
isfied with online reporting throughout the study and 33
(72%) stating that they would like to use online reporting
in the future for communicating with their doctor or nurse
(Table 4). The majority of patients stated they would realisti-
cally use remote reporting at least once a month (51, 99%)
(Table 4). Patients also reported that remote reporting was
not complicated to use at all (42, 91%), felt it did not take up

Table 3 Patient-reported data

. Baseline Month 1 Month2 Month3 Month4 Month5 6-month
I?;)trélspletlon rates and drop-out que stion- qu 'esti on-
naire naire
Rates of questionnaire and PRO2 completion and drop-out rates, n=52
Completed 50 (96) 49 (94) 49(94) 47(090) 47(090) 47(90) 46(89)
Successfully completed® 47 (90) 49 (94) 48(92) 47(090) 45(87) 47(90) 42(81)
Late but complete 3(6) 0 1(2) 0 24 0 4(8)
Not completed 24 3(6) 3(6) 5(10) 5(10) 5(10) 6(11)

Mode of questionnaire completion, n=50

Personal computer 22 (44)
Smartphone 19 (38)
Tablet 9(18)

“Indicates that data was provided within three-days of the scheduled time point

All data are shown as n (%) unless otherwise indicated
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much of their time at all (41, 89%) and that it did not inter-
fere with their usual activities at all (46, 100%) (Table 4).

Again, the majority of patients felt that online report-
ing could very much be important for reporting their health
information for their doctor or nurse (31, 67%) and that it
would also very much have a positive impact on their health
(26, 57%) (Table 4). Full results of the patient satisfaction
and acceptance survey of reporting report is presented in
Table 4.

3.4 Disease Activity

Figure 1 illustrates the PRO2 scores collected over the
6-month study duration. At baseline, patients reported a
mean (SD) PRO2 score of 0.9 (1.27). Overall, an increase
in disease activity was observed during the study. The
mean (SD) PRO2 score at the study endpoint was 1.4
(1.50). Patients who reported experiencing more severe
symptoms during the study also had higher PRO2 scores
relative to patients who reported experiencing none to
mild severity symptoms (Fig. 1).

3.5 Healthcare Resource Utilisation

A low number of routine consultations, telephone clin-
ics and hospitalisations were reported for patients at both

—+—Total sample

25

—=—None to mild severity Somewhat to very severe

20

15

1.0

05

0.0

Month 1

Baseline Month 2 Month 3 Month 4 Month 5 Month 6

Fig. 1 Patient-reported PRO2 scores collected over the 6-month study
duration. Self-reported symptom severity experienced over the dura-
tion of the study (data captured retrospectively at 6-month study end-
point) has been used to stratify the data (total n=>50; none to mild
severity n=35; somewhat to very severe n=11). Note, four patients
were lost to follow-up at the 6-month time point

baseline (defined as 6 months preceding study enrolment)
and 6-month study endpoint (Table 5). The mean number
of routine consultations (mean [SD], baseline 2.1 [1.51];
6 months 1.7 [1.86]), telephone clinics (baseline 0.8 [1.23];
6 months 0.3 [0.56]) and number of hospitalisations (outside
of routine consultations) (baseline < 0.1 [0.19]; 6 months 0.2
[0.69]) reported remain similar at both time points.

Table 4 Patient-reported acceptance and satisfaction with remote reporting (n=46)

O=notatall 1 2 3 4 =very much so

Did you receive all the information needed about online reporting at the beginning of 24 3N

the study?

Did you feel you needed more information/support on using online reporting

throughout the study duration?

41 (89)

37 (80) 24) 3(H 24 24

Was the online reporting software complicated to use? 42 91) 1(2) 1Q2) 2(4)
Did you feel the online reporting took much of your time to complete? 41 (89) 5(11)

Did the online reporting interfere with your usual activities? 46 (100)

How important do you think online reporting of health information would be for your 1 (2) 12 30 10 (22) 31 (67)

doctor/nurse?

If your answers were reviewed by a doctor/nurse, do you think that online reporting

could have a positive effect on your health?

13 (28) 7(15) 26(57)

Less than once a month Once a month Once every 2 weeks Once a week Twice a week

How often do you think you could realistically use 1 (2) 22 (48) 3(7) 15 (33) 5(11)
online reporting?
No Maybe Yes
Would you like to use online reporting again in the - 13 (28) 33(72)

future for communicating with your doctor/nurse?

Not satisfied at all

Neither satisfied nor dissatisfied Very satisfied

How would you rate your overall satisfaction with online —
reporting throughout this study?

11 (24) 35(76)

All data are shown as n (%) unless otherwise indicated
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4 Discussion

This pilot study was conducted to assess the overall feasibil-
ity and acceptability of online PRO2-based remote reporting
of disease activity in UC. We focused on golimumab-treated
UC patients as there are limited real-world disease activity
data available for this patient cohort. The patients in this
study were asked to provide PRO2 scores online once every
4 weeks for a period of 6 months.

PRO2 scores were deemed a suitable target for remote
reporting as this measure is brief and non-invasive, patients
can self-report and it has been shown to correlate with
more involved measures of disease severity, such as the
full Mayo index [15]. The results of this pilot study sug-
gest the patients studied were willing to participate across
the duration of the study in the majority of cases and were
able to use their own device to provide the requested data.
Eighty-nine percent of patients completed every 4-weekly
questionnaire, demonstrating that remote online reporting
is feasible and long-term may provide patients with a more
convenient alternative for disease management. Further
research could be carried out with randomisation to treat-
ment approach (remote monitoring vs traditional care) to
assess remote monitoring over an extended duration with
the aim of observing and comparing longer term outcomes.

Patients reported high satisfaction and acceptance of
remote monitoring in addition to a high proportion of the
sample stating that they would consider remote data report-
ing in future. However, fewer patients felt that this would
have a positive impact on their health. Of note, the patient’s
physician/healthcare team did not have access to the patient
PRO?2 data during the study and were thus unable to make
any therapeutic adjustments based on these scores. Accord-
ingly, patients who experienced worsening of symptoms
would not have seen any alterations to their care (e.g. earlier
intervention) and so may have struggled to see the potential
benefit from the remote reporting requirements. We recog-
nise the opportunity for physician intervention based on
disease activity reports as an important extension for future
research. Despite this, patients appear optimistic about the
use of remote reporting in the future.

Table 5 Healthcare resource utilisation at baseline (defined as
6 months preceding study enrolment) and 6-month study endpoint

Baseline 6 Months

Routine consultations n=52 n=51

Mean (SD), range 2.1(1.51),0-6 1.7 (1.86), 0-10
Telephone clinics n=52 n=52

Mean (SD), range 0.8 (1.23), 0-5 0.3 (0.56), 0-2
Hospitalisations outside of ~ n=52 n=52

routine consultations

Mean (SD), range < 0.1 (0.19), 0-1 0.2 (0.69), 04

A\ Adis

Data assessing current healthcare resource use indicated
that on average, patients had face-to-face consultations with
their healthcare team approximately twice every 6 months.
Healthcare resource utilisation in the form of consulta-
tions remained consistently low from baseline to study end;
a reflection on current clinical practice in this sample of
UC patients. However, the addition of remote reporting to
patient care could provide an opportunity for greater dis-
ease control, as well as reassurance to both the patient and
treating site, with minimal impact to the healthcare system.
Due to the nature of online reporting, if fully implemented,
reported PRO2 scores could be made visible to the health-
care team immediately, enabling them to intervene if reported
scores reach a certain level. Indeed, patients have previously
expressed frustration with the traditional follow-up schedule
for consultations and a preference to be seen when unwell
[12]. The remote reporting schedule described here could
offer a potential way of introducing this approach for some
patients and may result in improved overall care for those
involved, although this would need to be formally evaluated.
However, of note, research suggests that clinical activity is
not necessarily indicative of histological activity and patients
free of clinical symptoms may still be experiencing mucosal
inflammation [16]. In view of this, collection of PRO2 scores
should be seen as additional information that could be used to
inform care, but it should be kept in mind that patient reports
of symptoms will not tell the whole story.

Due to the pilot nature of the study, the sample was based
on a small proportion of patients who were initially willing
to participate in a study of this nature. It is possible that this
group is not representative of the UC patient population receiv-
ing golimumab. No formal data are available describing the
number of patients who were not willing to participate and
therefore, a potential sample bias must be considered when
interpreting these results. We acknowledge that remote moni-
toring, if rolled out more formally, is not necessarily something
that all patients will view favourably. However, it may become
a potential offering that is appropriate for some patients, based
on their personal preferences and disease status.

The increasing prevalence of inflammatory bowel dis-
eases (IBD) globally requires population health management
strategies to increase quality of care and patient outcomes,
whilst reducing associated healthcare costs. In order to
reduce the burden on the healthcare system, effective strat-
egies are required to monitor patients and promptly man-
age flares. The implementation of remote systems to the
patient care pathway is one strategy that could help in the
development of a more efficient approach to IBD manage-
ment. Atreja et al. observed the impact of remote monitoring
on quality of care and quality of life in IBD patients [17].
The results from the trial suggest that the incorporation of
telemedicine technology can support the tracking of IBD
patients and enhancing quality of life and quality of care.
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5 Conclusion

The results from this study support the feasibility of remote
monitoring systems in UC using PRO2 as a measure of dis-
ease activity. Over the long term, this could provide patients
with a convenient option for improved disease management.
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Appendix

Please indicate how you perceive your stool frequency (Based on the
last 3 days)

O Normal
O 1-2 more stools than normal
O 3—4 more stools than normal
O 5+ more stools than normal
Please indicate the severity of your rectal bleeding (Based on the last
3 days)
O No blood seen
O Streaks of blood seen with stools for half of the time
O Obvious blood with stool most of the time
O Blood alone passed (with no stool)
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