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ABSTRACT

Rationale

Idiopathic pulmonary fibrosis (IPF) is a deadly disease with increasingly impaired health-
related quality of life (HRQOL). eHealth technologies facilitate collection of physiological
outcomes and patient reported-outcomes (PROMs) at home, but randomized controlled
trials (RCTs) on the effects of eHealth are scarce. We investigated whether a home moni-
toring program improved HRQOL and medication use for IPF patients.

Methods

We performed a multicenter RCT in newly treated patients with IPF. Patients were ran-
domly assigned to standard care or a home monitoring program on top of standard
care for 24 weeks. The home monitoring program included home spirometry, reporting
of symptoms and side-effects, PROMs, information, a medication coach and eConsul-
tations. The primary endpoint was between-group difference in change in Kings Brief
Interstitial Lung disease (K-BILD) questionnaire score at 24 weeks.

Results

90 patients were randomized (46 patients home monitoring, 44 standard care). After 24
weeks, no statistically significant difference was found in K-BILD total score, with 2.70
points increase in the home monitoring group (SD 9.5) and 0.03 points increase in the
standard care group (SD 10.4); between-group difference was 2.67 points (95% confi-
dence interval -1.85;7.17, p=0.24). Between-group difference in psychological domain
score was 5.6 points (95% confidence interval -1.13;12.3, p=0.10), with an increase of
5.12 points in the home monitoring group (SD 15.8) and decline of 0.48 points in the
standard care group (SD 13.3).In the home monitoring group medication was more often
adjusted (1 vs 0.3 adjustments per patient, 95% confidence interval 0.2-1.3, p=0.027). Pa-
tient satisfaction with the home monitoring program was high. Home-based spirometry
was highly correlated with hospital-based spirometry over time.

Conclusions

The results of this first-ever eHealth RCT in IPF showed that a comprehensive home
monitoring program did not improve overall HRQOL measured with K-BILD, but tended
to improve psychological wellbeing. Home monitoring was greatly appreciated by
patients and allowed for individually-tailored medication adjustments.

Key words

Idiopathic pulmonary fibrosis; quality of life; eHealth; home spirometry; interstitial lung
disease
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Clinical trial registered on www.clinicaltrials.gov (NCT03420235)

Scientific knowledge on the subject: Previous studies on home spirometry in IPF
yielded mixed results regarding reliability and adherence. However, these studies did
not allow for real-time data sharing with the hospital nor with the patient, which limits
quality and compliance control and the possibility to react to changes. eHealth tools
have been increasingly investigated in chronic diseases, but studies in IPF are scarce.
Until now, no randomized controlled trials evaluating the effect of eHealth interventions
in IPF have been published.

What this study adds to the field: This is the first-ever randomized controlled trial of an
eHealth intervention in IPF. A comprehensive online home monitoring program, includ-
ing home spirometry, did not improve health-related quality of life in IPF, but tended to
improve psychological wellbeing. Home monitoring was highly appreciated by patients
and allowed for individually-tailored treatment adjustments. Moreover, home spirom-
etry correlated well with hospital spirometry over time. Thus, home monitoring could
be a reliable tool for close monitoring and follow-up of patients both for research and
in daily practice.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a progressive, deadly disease resulting in an increas-
ingly impaired health-related quality of life (HRQOL) (1). Currently, two antifibrotic drugs
are available that slow down disease decline and improve survival (2-4). IPF patients are
regularly followed up at the outpatient clinic with pulmonary function testing. At each
visit, potential effects of antifibrotic drugs versus potential side-effects are balanced
together with the patient. Furthermore, intercurrent events, such as infections or acute
exacerbations, may require extra hospital visits. For an optimal, individually-tailored
treatment of patients, frequent hospital visits would be desirable. However, hospital
visits can be burdensome for patients because of dyspnea, extra oxygen needs and
often considerable travel distances. Consequently, home monitoring could hold great
benefits in this patient population.

New eHealth technologies can facilitate collection of physiological outcomes and
patient reported-outcomes (PROMs) at home. Earlier studies in other lung diseases
showed that eHealth interventions can improve health outcomes (5, 6). Furthermore,
eHealth tools focusing on symptoms and side-effects could stimulate self-management,
reduce symptom burden and enhance medication use (7, 8). To date, a few studies have
investigated the feasibility of home monitoring in IPF, in particular home spirometry
(9-11). These studies demonstrated that home spirometry was feasible, reliable and
informative in this elderly patient population. However, none of these studies allowed
for direct data sharing with the hospital.

Together with IPF patients, we have developed a home monitoring program that
integrates real-time home spirometry with collection of PROMs, symptom scores,
side-effects, an information library and eConsultations. Pilot studies showed that this
home monitoring program was feasible and highly appreciated by patients (12, 13). We
hypothesized that a comprehensive home monitoring program could optimize HRQOL
for IPF patients by supporting self-management, better tailoring of medication, and al-
lowing for low-threshold communication. To our knowledge, no randomized controlled
trials evaluating the effect of eHealth interventions in IPF have been published.

The aim of the current study was to investigate whether a comprehensive home moni-
toring program improved HRQOL and medication use for patients with IPF. Furthermore,
we aimed to assess patient satisfaction with home monitoring and compare home-
based with hospital-based spirometry. Some of the results of these studies have been
previously reported in the form of an abstract (ATS 2020).
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METHODS

Study design and participants

This was a non-blinded, multicenter randomized controlled trial at four sites in the
Netherlands. Ethics approval was obtained in the Erasmus Medical Center (MEC-2017-
501) and local ethics committees. This trial was registered on www.clinicaltrials.gov
(NCT03420235). All patients provided written informed consent before study entry.
Eligible patients were adults (=18 years) with a diagnosis of IPF according to the ATS/
ERS/JRS/ALAT 2018 guideline, and about to start on antifibrotic treatment (nintedanib
or pirfenidone)(14). Patients were excluded if they were not able to speak, read or write
Dutch or if they received prior treatment for IPF.

Study procedures

Allocation of each subject was done with a centralized electronic system using varying
block sizes. Participants were randomly assigned in a 1:1 ratio to a home monitoring
program as add-on to standard care or standard care alone for 24 weeks. Randomization
was stratified per site, and for use of nintedanib or pirfenidone.

The intervention consisted of the home monitoring program IPF-online, which includes
daily home spirometry, weekly reporting of symptoms and side-effects, and PROMs at
baseline, 12 and 24 weeks. The program contains information about IPF, a medication
coach, and eConsultation possibility (figure S2). A flowchart about study procedures and
more information about the content of the program is provided in the supplementary
material (figure S1). IPF-online is a CE-marked secured personal platform, compliant
with the General Data Protection Regulation (Curavista, the Netherlands). At baseline,
patients received a password-protected tablet with a pre-installed application, and a
Bluetooth-enabled handheld spirometer (Spirobank Smart, MIR, Italy). Standardized in-
structions were provided for use of the application, including home spirometry. Patients
were considered adequately trained if they performed three reproducible FVC measure-
ments, with less than 150 ml difference in the highest FVCs and <10% difference with
hospital FVC. Patients were instructed to perform one spirometry each day at approxi-
mately the same time. All results were directly transferred via an encrypted connection,
and were real-time available to the research team. An automated email reminder was
sent to patients when spirometry was not performed for two consecutive days. Patients
were able to see their own daily spirometry values, an overview of FVC over time, a flow
volume loop, and a quality assessment (supplementary material, figure S3 and S4). The
research team received an email alert when no FVC results were sent or FVC declined
more than 10% on three consecutive days, and when patients reported bothersome
side-effects. In case of a reported side-effect, a pop-up with advice to handle the side-
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effect was automatically generated. A flowchart of the alert system is provided in the
supplementary material (figure S5).

Standard care comprised of three-monthly outpatient clinic visits with pulmonary func-
tion testing. Participants completed PROMs online on a tablet at baseline, 12 week and
24 weeks, but did not have access to the home monitoring program (figure S1).

Outcome measures

The primary outcome measure was between group-difference in change of the King’s
brief interstitial lung disease health status questionnaire (K-BILD). K-BILD has been
developed and validated in interstitial lung diseases and consists of 15 items in three
domains: breathlessness and activities, chest symptoms, and a psychological domain
(15). The minimal clinically important difference (MCID) is 3.9 points for the total score
(16). A higher score represents a better HRQOL, with scores ranging from 0 to 100.

Secondary endpoints included between-group differences in Patient Experiences and
Satisfaction with Medication Questionnaire (PESaM), EQ-5D-5L questionnaire, Hospital
Anxiety and Depression scale (HADS), visual analogue scales (VAS) and Global Rating
of Change (GRC) scores at 12 and 24 weeks, number of adjustments in medication and
hospitalizations. Adjustments in medication were defined as a dose change, medica-
tion switch, or (temporarily) treatment discontinuation. The PESaM has recently been
validated in IPF and assesses patient’ expectations, experiences and satisfaction with
antifibrotic medication (17). Expectations regarding effectiveness, side-effects and ease
of use before start of treatment were recorded on a Likert scale from 0 to 4, with higher
scores representing more positive expectations. Satisfaction with medication was scored
on a scale from -5 (very unsatisfied) to 5 (very satisfied). Side-effects of medication were
scored on a Likert scale from 1 (not bothersome at all) to 5 (very bothersome). The EQ-
5D-5L is a generic instrument to assess HRQOL; a higher score corresponds with a better
HRQOL. General health status is evaluated using the EQ-5D-VAS score ranging between
0and 100, with a higher score representing a better general health status (18). The HADS
is a validated questionnaire with a subscale for anxiety and depression: a score =8 is
used as cut-off for anxiety or depressive symptoms (19). Symptoms (general wellbeing,
dyspnea, fatigue, cough and urge to cough) were reported on a visual analogue scale
from 0 to 10. On the GRC scale, patients indicate whether their QOL improved or deterio-
rated over time, on a scale from -7 to 7. In the intervention group, satisfaction with home
monitoring was evaluated with a non-validated 10-item questionnaire with VAS scores
from 0 to 10. Other secondary outcomes were FVC change over 24 weeks in ml, correla-
tion between home-based FVC and hospital-based FVC over time and within-patient
variability in home-based FVC.
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Statistical analysis

Between-group differences in PROMs were analyzed with independent students’t-tests in
the intention-to-treat population. We performed complete case analyses, as missing data
were considered to be independent of the primary outcome (e.g. missing questionnaires
due to technical errors). Descriptive statistics were used to evaluate study variables at
baseline. FVC change in ml was analyzed using a linear mixed model accounting for within-
patient correlations and allowing for random missing data. As fixed effects we used a linear
slope of time (in days), and an indicator for whether the measurement was taken at home
or in the hospital. Additionally, an interaction term between the indicator and time was
used. For random effects, random intercepts and slopes were used. The interaction term
indicates whether the slopes for home-based FVC differ from hospital-based FVC slopes.
Correlation between home and hospital spirometry was analyzed with Pearson Correlation
coefficient. Measurements of hospital-based FVC at all time points were compared with
the mean of seven home-based FVCs from that week. Within-patient variability was evalu-
ated with the coefficient of variation, using “detrended” data points. These were obtained
by fitting a linear regression model on each patient and subtracting the residuals of each
spirometry measurement. A p-value of <0.05 on a two-tailed test was considered statisti-
cally significant. Data were analyzed using R version 3.6.1 and SPSS statistics version 25.

We determined that with a sample size of 72 patients, the study would have 80% power
to detect a significant between-group difference in change in total K-BILD score. The
expected standard deviation of change in K-BILD score after 24 weeks was 6 points,
based on a group untreated IPF patients from our own cohort (unpublished). Sample
size was calculated using a MCID of 4 points (16). To allow for 20% drop-out, based on a
previous home monitoring study, we aimed to include 90 patients in total (9).

RESULTS

Between January 2018 and January 2019, 90 patients were enrolled; 46 patients were
assigned to the home monitoring group and 44 were assigned to standard care (Figure
1). Baseline characteristics of patients were evenly distributed between treatment
groups (Table 1). The percentage of males was numerically higher in the standard care
group, but the difference was not statistically significant (p=0.06). Overall mean age
was 71 years (SD 6.9) and 91% were male. Mean total K-BILD score was 56.6 (SD 9.3),
mean FVC was 80.1% of predicted (SD 17) and mean diffusion capacity of the lung for
carbon monoxide (DLCO) was 48.2% (SD 13.5). Pirfenidone was prescribed in 57% and
nintedanib in 43% of patients. In total, 38 patients in the home monitoring group (83%)
and 39 patients in the standard care group (89%) completed the study.
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Assessed for eligibility (n=113)

Excluded (n=23)
e Not meeting inclusion criteria (n=8)

e Declined to participate (n=15)

Randomized (n=90)

l

A v

46 were assigned to the home monitoring group 44 were assigned to standard care
45 started the intervention (1 withdrew before
start due to technical difficulties)

3 discontinued use of the home monitoring 2 died
program 2 discontinued study
1 physician’s decision 1 not interested
1 could not complete measurements due 1 no time
to cough 1 did not complete K-BILD questionnaire at
1 technical difficulties baseline or 24 weeks

4 did not complete K-BILD questionnaire at
baseline or 24 weeks

38 completed primary endpoint 39 completed primary endpoint

Figure 1. Flowchart of patient inclusion

Patient-reported outcomes

From baseline to 24 weeks, mean total K-BILD score improved with 2.70 points (SD 9.5)
in the home monitoring group and 0.03 points (SD 10.4) in the standard care group. Be-
tween group-difference was 2.67 points (95% confidence interval (Cl) -1.85;7.17, p=0.24)
(Figure 2). Mean score of the K-BILD psychological domain increased 5.12 points (SD
15.8) in the home monitoring group and declined 0.48 points (SD 13.3) in the standard
care group; between-group difference was 5.6 points (95% Cl -1.13;12.3, p=0.10). The
mean K-BILD breathlessness and activities domain score declined 1.8 points (SD 10.7)
in the home monitoring group and 0.93 points in the standard care group (SD 12.8);
between-group difference was 0.9 points (95% Cl -6.3;-4.4, p=0.73). The mean score of
the K-BILD chest domain increased 1.58 points in the home monitoring group (SD 13.3),
and declined 2.12 points in the standard care group (SD 20.1); between-group differ-
ence was 3.7 points (95% Cl -4.5;11.5, p=0.35).
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Home monitoring (n=46)

Standard care (n=44)

Age, years (range)

Male sex - no. (%)
Antifibrotic medication - no. (%)
Nintedanib

Pirfenidone

Lung function

FVC % predicted

FVC (L)

DLCOc % predicted

K-BILD score

Total

Breathlessness and activities
Chest symptoms
Psychological symptoms
Hospital anxiety and depression scale
Anxiety

Depression

EuroQol-5D-5L

Index value

EQ5D-VAS scale

VAS score symptoms
General wellbeing

Cough

Dyspnea

Fatigue

Stability IPF

70 (53-83)
39 (85)

20 (44)
26 (57)

82+17.7
3.1+£08
48+13.8

57.2+109
48.8+19.3
743+188
544+139

47+25
34+32

0.77 £0.17
63.1£249

5.6+0.36
4.6 +0.45
49+0.38
4.8+0.43
6.7 £0.31

72 (58-84)
43 (98)

19 (43)
25(57)

78+16.0
3.1+£07
49+13.0

56.2+7.7
413+15
73+189
56.2+11

46+22
3.6+3.6

0.77 £0.17
64.4+21.9

55+0.31
4.7 +£0.33
58+0.34
53+0.38
6.5+0.36

+- standard deviation, FVC = forced vital capacity, DLCOc = carbon monoxide diffusion capacity corrected for
hemoglobin, K-BILD = King's Brief Interstitial Lung Disease questionnaire, VAS = visual analogue scale

HADS scores remained stable during the study (Table 2); anxiety scores (between-group

difference 0.05 points, 95% Cl-1.08;0.99, p=0.93) and depression scores (between-group

difference 0.4 points, 95% Cl-1.61;0.81, p=0.51) were similar in the home monitoring and

standard care group. Changes in (HR)QOL and symptom scores did not differ between

treatment groups, except for the general wellbeing score (between-group difference
1.04 points, 95% Cl 0.09;2.00, p=0.032). Between-group differences in GRC and VAS for
stability of disease tended towards statistical significance (Table 2).

Erasmus University Rotterdam
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m Home monitoring group

Standard care group

A 2.7 points
MCID: 3.9

95% Cl1-1.9;7.2,
p=0.24

A 5.6 points
MCID: 5.4

95% Cl-1.1;12.3,
p=0.1

A 0.9 points
MCID: 4.4

95% Cl -6.3;4.4,
p=0.73

A 3.7 points
MCID: 9.8

95% Cl -4.1;11.5,
p=0.35

0 .

K-BILD total score K-BILD psychological ~K-BILD breathlessness & K-BILD chest

domain activities

A higher score corresponds with a better HROOL

Figure 2. Change in K-BILD score from baseline to 24 weeks. K-BILD = King’s Brief Interstitial Lung Disease
Questionnaire, HRQOL = Health-related quality of life, MCID = minimal clinically important difference

Medication use and hospital visits

Expectations regarding effectiveness, side-effects and ease of use of antifibrotic medica-
tion before start of treatment were relatively high, and similar in both groups (Table
3). In the home monitoring group, medication was significantly more often adjusted
during the study period (on average 1 vs 0.3 adjustments per patient, between-group
difference 0.7, 95% Cl 0.2;1.3, p=0.027). All adjustments in medication were due to side-
effects. In general, patients were relatively satisfied with their antifibrotic medication,
with a mean score of 2.06 (SD 1.89) on a scale of -5 to 5 (Table 3). Satisfaction with medi-
cation regarding efficacy, side-effects and ease of use was similar in both groups. The
reported number and bothersomeness of side-effects did not differ between groups.
Furthermore, the number of side-effects was not significantly correlated with patients’
experiences with side-effects (r=0.27, p=0.06) and only weakly correlated with satisfac-
tion with medication (r=0.28, p=0.02). Expectations about effectiveness (r=0.21, p=0.12),
side-effects (r=0.05, p=0.79), and ease of use (r=0.09, p=0.47) were not significantly
correlated with overall medication satisfaction. Ten hospitalizations occurred during the

2afury
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Table 2. Secondary endpoints

Home monitoring Standard care Difference p value

(n=38) (n=39) (95% CI)
Number of patients with extra hospital 13 (31.7%) 10 (25.6%) 0.55
or GP visits
Hospitalizations* 6 4 0.27

Change from baseline in HADS score at 24 weeks

Anxiety 0.13+0.35 0.18+0.38 -0.05 (-1.08;0.99)  0.93
Depression 0.34+0.43 0.74+0.43 -0.40(-1.61;0.81)  0.51

Change from baseline in EQ5D-5L score at 24 weeks

Index value 0.02 +0.02 -0.03 (0.17) 0.05(-0.01;0.10)  0.11

VAS scale -0.89+£3.6 -4.84 +2.8 3.95(-5.20;13.10)  0.39
Change from baseline in GRC score at 0.34+0.35 -0.70+0.40  1.03(-0.02;2.09) 0.055
24 weeks

Change from baseline in VAS scores at 24 weeks

General wellbeing 0.65+0.36 -0.39+0.31 1.04 (0.09;2.00)  0.032
Cough 0.51+0.45 -0.31+£0.50  0.82(-0.52;2.17) 0.23
Dyspnea 0.41+0.32 -0.23+£030  0.63(-0.23;1.50) 0.15
Fatigue 0.46 + 0.40 0.28 +0.35 0.18 (-0.88;1.23) 0.74
Stability IPF 0.49 +0.31 -0.6 £0.52 1.09(-0.12;2.29)  0.076

+- standard error of the mean, *Mann-Whitney U test, GP = general practitioner, HADS = hospital anxiety
and depression scale, VAS = visual analogue scale, GRC = global rating of change

A higher score indicates worse symptoms

A higher score indicates better quality of life or symptoms

study; six in the home monitoring group and four in the control group. Four hospitaliza-
tions were respiratory-related (one acute exacerbation). One hospitalization was due
to side-effects of medication. Overall, 13 patients in the home monitoring group and
10 patients in the control group had extra appointments with a healthcare provider in
between regular visits.

Patient satisfaction and use of the home monitoring program

Median adherence to daily home spirometry was 97% (52-100%), mean adherence
was 93% (Table 4). Overall, 143 automated FVC alerts were sent to the research team;
33 alerts because patients did not send their FVC results and 110 because of a lower
FVC. Most frequent reasons for lower FVC measurements were technique issues and
symptoms (cough/dyspnea/chest pain). In one patient, FVC alerts were due to an acute
exacerbation. More than half of patients used the information library at least once.
During the study, 281 eConsultations were sent, corresponding with an average of one
eConsultation per patient per month. In total, 347 automated email alerts about bother-
some side-effects were sent to the research team.

Erasmus University Rotterdam 24\/»9\9
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Table 3. Medication use

Home Standard Difference p value
monitoring care (95% CI)

(n=41) (n=39)
Average number of medication adjustments per patient 1.0 0.3 0.7 (0.2;1.3) 0.027
Number of patients who discontinued medication 2 2 - -
PESaM questionnaire - baseline
Expectations - effectiveness 290+0.80 266+0.77 -0.25(-0.66;,0.17) 0.24
Expectations - side-effects 2.54+0.72 2.50+0.83 -0.04(-0.51;0.43) 0.86
Expectations — ease of use 3.66+048 3.64+0.67 -0.02(-0.28,0.25) 0.90
PESaM questionnaire - 24 weeks
Satisfaction with medication efficacy 1.52+1.69 1.59+1.97 0.06(-0.77;,0.88)  0.89
Satisfaction with side-effects 1.70£1.90 1.41+223 -0.29(-1.23,064) 0.3
Satisfaction with ease of use 265+159 275+1.78 0.10(-0.66;0.86)  0.80
Overall satisfaction with medication 201+190 2.11+£191 0.11(-0.750.97) 0.81
Number of reported side-effects per patient* 6.2+5 48+45 -1.4 (-3.4;0.6) 0.16
Bothersomeness of side-effects 1.46+0.63 1.47+084 0.01(-0.4;0.3) 0.94

+- standard deviation, PESaM = patient experiences and satisfaction with medication questionnaire. *reported

side-effects after 24 weeks

Patient satisfaction with the home monitoring program was high. The vast majority of

patients would recommend the home monitoring program to others, mentioned that

they gained better insights in their disease course, felt reassured, and that the program

enabled low-threshold communication with the hospital (Table 4). Patients considered

use of the home monitoring program and spirometer easy and useful, found it pleasant

to have an overview of results, and did not consider home monitoring burdensome

(Figure 3).

Table 4. Patient experiences with home monitoring

Use of home monitoring program

Home monitoring group (n=42)

Adherence to daily home spirometry (median)
PROM completion rate

Use of information library (% of patients)

Total eConsultations

Patient experiences

Would recommend it to others

Better insights in disease course

Feeling reassured

More accessible communication with hospital

97%
93%
58%
281
n=38
95%
89%
88%
87%

PROM = patient-reported outcome measure

Erasmus University Rotterdam
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VAS score (from 0 to 10)
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mEase of use - app m Ease of use - spirometer m Usefulness Pleasant Burdensome

Figure 3. Patient experiences with the home monitoring program, scored on visual analogue scales from
0to 10 (n=38).

Home and hospital spirometry

Mean change in hospital-based FVC in the standard care group (-87.9 ml, range -209 to
33.2 ml) was not significantly different from FVC change in the home monitoring group
(-7.9 ml, range -96 to0 69.4 ml, p=0.25). In the home monitoring group, mean change over
time in home-based FVC was -16.8 ml (range -124 to 90.9 ml). Correlation between home
and hospital spirometry was very strong at all time points; r=0.97 (p<0.001) at baseline
and 12 weeks, and r=0.96 (p<0.001) at 24 weeks. Slopes of hospital and home-based
FVC over time were comparable (interaction <0.0001, p=0.81) and correlation between
slopes was moderately strong (r=0.58, p<0.001). Mean within-patient variability was
5.2% (SD 1.7, range 2.6-9.5%). An example of six individual patients with a wide range in
FVC from all trial sites is provided in figure 4.

DISCUSSION

This first-ever randomized trial of eHealth in IPF investigated whether a comprehensive
home monitoring program on top of standard care improved HRQOL compared with
standard care alone. The results of our study show that this home monitoring program

Erasmus University Rotterdam Za{M
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Figure 4. Example of hospital and home-based FVC change (L) over 24 weeks in six individual patients from
different trial sites.

did not significantly improve overall HRQOL measured with K-BILD. Despite this, psy-
chological wellbeing tended to improve and general wellbeing was significantly higher
in the home monitoring group after 24 weeks. Home monitoring was greatly appreci-
ated by patients, allowed for individually-tailored treatment adjustments and did not
increase anxiety levels. Furthermore, daily home spirometry was feasible and provided
reliable results similar to hospital-based spirometry.

The main purpose of our home monitoring program was to enhance comprehensive
care by targeting multiple domains: stimulating self-management, improving medica-
tion use, providing disease-specific information, and enabling low-threshold com-
munication. Capturing these diverse effects in one outcome measure is challenging, as
many outcomes are not tangible, nor have validated outcome measures to quantify the
effect. In this study, we have chosen the K-BILD as primary endpoint as it seems the most
comprehensive HRQOL questionnaire in ILD. Moreover, K-BILD is the only ILD question-
naire to date that has managed to capture improvement in HRQOL in a randomized
study evaluating a supportive measure (ambulatory oxygen) (20). However, the K-BILD
measures overall health status while our home monitoring program seemed to have
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more influence on psychological wellbeing. This was highlighted by the finding that the
difference in K-BILD psychological score between both groups after 24 weeks exceeded
the MCID. Besides, patients in the home monitoring group reported higher scores for
general wellbeing on a VAS scale. Even though these were secondary outcome mea-
sures, this suggests that home monitoring could have positive effects on wellbeing and
health perception. Our results are comparable with previously published studies using
eHealth interventions in COPD and asthma; patient satisfaction with the intervention
was generally high, but results regarding HRQOL were mixed (5, 21, 22).

This study was designed to assess the effects of a home monitoring program as add-on
to standard care. However, it is important to note that IPF care in the Netherlands is
already well-organized. Patients are treated in expert centers and closely monitored
by ILD specialist nurses, which reduces differences between standard care and add-on
home monitoring. This may also have contributed to the low medication discontinua-
tion rate in the current study (5%), in comparison with previous trials in IPF (2, 3). Future
studies are needed to determine whether outpatient clinic visits can be partly replaced
by home monitoring including video consultations. This could not only reduce the
burden of frequent hospital visits on IPF patients and their families, but potentially lead
to more efficient healthcare delivery and cost reduction both for the healthcare system
as well as for patients and their families.

Observational studies in IPF and COPD hypothesized that home monitoring could be
psychologically distressing, because patients may become more pre-occupied with
their disease (9, 23). Our data revealed that home monitoring did not increase anxiety
and depression levels after 24 weeks. Patients actually appreciated that they gained
more insights in their disease course and felt reassured by the information and feedback
they received. It has previously been suggested that daily spirometry could be intrusive
for patients if performed for a prolonged period (9, 10, 24). Importantly, patients in our
study did not consider daily spirometry burdensome. The vast majority would recom-
mend it to others and wished to continue with home monitoring after the study was
completed. The high patient satisfaction was also reflected in the good adherence and
completion rate, which was better than in some previous studies (10, 11). Another reason
for the high satisfaction and compliance might be that the home monitoring program
has been developed together with patients from the beginning; it has been tested and
evaluated during two pilot studies, and patient suggestions have been incorporated to
improve the program (12, 13). This highlights the importance of active patient participa-
tion in the design of eHealth interventions. We previously described that people may be
hesitant to use online applications in this elderly patient population (12). However, the
high rate of patients willing to participate in the current study (80% of invited patients)
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shows that this is not a major concern in patients with IPF. Even a few patients without
internet access at home were able to participate, since a tablet and 4G Sim Card were
provided. These are encouraging results for future use of eHealth solutions for research
and daily care purposes in IPF.

The automated email alerts about burdensome side-effects allowed for an individually-
tailored treatment schedule; medication was significantly more often adjusted in the
home monitoring group than in the standard care group. Strikingly, medication
adjustments did not lead to significant differences in patient satisfaction with medica-
tion between both groups. One of the reasons could be that patient satisfaction with
medication was relatively high in the whole group. Furthermore, we found that neither
expectations before start of treatment, nor the number and perceived severity of side-
effects correlated with patient experiences and satisfaction. A systematic review in other
chronic diseases also suggested that eHealth tools may enable personalized medication
adjustments (7). In line with our data, no evidence was found that medication changes
had a positive impact on patient satisfaction (7). Due to the relatively short study
duration, it was not possible to assess whether treatment adjustments lead to better
long-term outcomes and compliance. Prospective observational studies with a longer
duration are needed to answer these important questions.

Recently, there has been quite some debate about the use and reliability of home spi-
rometry in pulmonary fibrosis (24). Our study demonstrated that daily home spirometry
was feasible in a multicenter trial. Patient adherence remained high during our study
and only a few technical problems were encountered. Home spirometry yielded reliable
results similar to hospital-based spirometry, in line with other non-randomized home
spirometry studies (9-11, 13). We found that slopes of home- and hospital-based FVC
over time were comparable. In contrast, a randomized trial of pirfenidone in progressive
unclassifiable interstitial lung disease using home spirometry showed rather conflicting
results (24). In that trial, multiple challenges with home spirometry were encountered,
mainly due to technical and adherence problems, leading to highly variable FVC results
and analytical issues (24). In most previous studies, patients were blinded for their own
results, did not receive reminders to perform spirometry, and results were not directly
available for the study team. We believe that many of the challenges with home spi-
rometry can be overcome by using an online home monitoring program with real-time
feedback and alerts, easy access to a technical helpdesk, and extensive instruction of
patients as we did in the current study. Therefore, we believe that we should not discard
home spirometry too early as a tool for close monitoring and follow-up of patients in
research and potentially also in daily practice.
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Home monitoring could potentially allow for early detection of intercurrent events. As
only a small number of intercurrent problems and respiratory-related hospitalizations
occurred in our study, no conclusions can be drawn regarding the potential of eHealth
tools to detect acute exacerbations and prevent hospitalizations in IPF. Presently, an ob-
servational study with a longer study duration investigates whether a home monitoring
program, including home spirometry, allows for early detection of acute exacerbations
(NCT03979430).

This study has some limitations. The healthcare situation and organization of care for IPF
in the Netherlands might not be representative for other countries. However, it can be
speculated that home monitoring could be even more relevant in countries with other
healthcare systems and longer travel distances to the hospital. Furthermore, the study
team received on average one eConsultation and less than two email alerts per patient
per month; a limitation of this study is that we did not structurally evaluate the time in-
vestment and burden on the study team. Finally, no good validated questionnaires exist
to evaluate patient satisfaction with eHealth compared to usual care. Consequently, we
used a non-validated questionnaire to assess patient satisfaction in the home monitor-
ing group, which was one of the secondary outcomes. Next to patient satisfaction and
HRQOL, it could have been useful to measure other patient-reported outcomes such as
confidence in self-management and sense of self control. Validated questionnaires to
measure these outcomes (e.g. the Patient Activation Measure and Pearlin Mastery Scale)
have been used in other diseases and may be of added value in future eHealth studies
in IPF (25-27).

In conclusion, a comprehensive home monitoring program for patients with IPF tended
to improve psychological wellbeing, but did not improve overall HRQOL measured with
K-BILD. Nevertheless, patient satisfaction was high, and home monitoring allowed for
individually-tailored medication adjustments. Home spirometry was feasible and pro-
vided reliable results over time. Hence, we believe that eHealth tools have the potential
to enhance personalized treatment for IPF in the future.
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eConsultation

Video consultation

Questionnaires

Overview of results

Archive

Information library

Figure S2. Overview of application IPF-online

SUPPLEMENT

Content of the home monitoring program

eConsultation: An eConsultation is a secured electronic message system in the applica-
tion. Patients can type a message with a maximum of 1995 characters, which is directly
sent to the healthcare providers. Healthcare providers receive an alert via email when a
patient sends an eConsultation. Patients can also attach documents, such as lab results
or photographs. If patients send an eConsultation they are contacted within 24 hours
(during working days).

Video consultation: Not included at the time of the RCT. Incorporated after the RCT
based on patient suggestions.

Questionnaires: Here, patients can complete the patient-reported outcome measures
(PROMs) at baseline, week 12 and week 14, and their weekly questionnaire about
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symptoms and side-effects. Patients receive an email reminder to complete the ques-
tionnaires.

Overview of results: Patients can see a graphical overview of their home-based FVC
in percentage of predicted (Figure S3), the corresponding flow volume loop including
a technical quality assessment (Figure S4), hospital-based FVC at baseline, week 12 and
week 24, and an overview of questionnaire scores, symptoms and side-effects over time.

Archive: Overview of completed questionnaires and lung function measurements.

Information library: Information and news about IPF including videos, links to useful
websites, and a medication coach. All individual patients have a specific medication
coach depending on their prescribed medication (i.e. nintedanib or pirfenidone); it con-
tains the instruction of use, most common side-effects and advices how to manage these
side-effects. Advices were composed by ILD physicians and ILD specialist nurses. When
a patient reports a side-effect in the weekly questionnaire, the advice how to handle
that particular side-effect automatically pops-up on the screen. If a patient reports that
a side-effect is bothersome (a score of 4 or 5 on a scale from 1=not bothersome at all to
5=very bothersome) an automatic alert is also send to the healthcare team (figure S5).

Lung function overview
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Figure S3. Daily FCV overview in percentage of predicted
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IPF-online
Patient-collected data

Side-effects reported in
weekly questionnaire

Drop in FVC > 10% from
baseline at three consecutive
days OR no FVC results
received for three consecutive

Figure S5: Flowchart alert system and medication coach

In case of bothersome side-
effect*: email alert research
team

days

Email

reminder
Pop-u > to patient
mepdicztion \ 4 if no FVC
coachwith | Email alert research team results are
advice how |~ sent
to manage ‘1’
side-effect

A4 In case of FVC decline: check

quality of the measurement
by the research team

Y

\ 4

Contact patient within 24 hours
via eConsultation and if needed
by phone

- Discuss and advise on side-
effects

- Medication adjustment if
needed

Contact patient within 24 hours:

In case of technical problems with

the app, patients will be contacted
by the technical helpdesk the same
day

If the quality of the FVC
measurements are low, renewed
instruction will be provided by
phone or instruction video

In case of relevant decline in FVC:
- Discuss condition with the
patient and give advice
- Decide if extra treatment or
an hospital visit is needed

*Only in case of bothersome side-effects an email alert is sent to the research team. Side-effects are con-
sidered bothersome if patients report a score of 4 or 5 on a 5-point Likert scale from 1 (not bothersome at
all) to 5 (very bothersome).
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