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Abstract

Background: The extend of lung disease remains the most important prognostic factor for survival in patients with
cystic fibrosis (CF), and lack of adherence is the main reason for treatment failure. Early detection of deterioration in
lung function and optimising adherence are therefore crucial in CF care. We implement a randomized controlled trial
to evaluate efficacy of telemonitoring of adherence, lung function, and health condition in combination with behav-
ior change interventions using innovative digital technologies.

Methods: This is a multi-centre, randomized, controlled, non-blinded trial aiming to include 402 patients > 12 years-
of-age with CF. A standard-of-care arm is compared to an arm receiving objective, continuous monitoring of adher-
ence to inhalation therapies, weekly home spirometry using electronic devices with data transmission to patients and
caring physicians combined with video-conferencing, a self-management app and professional telephone coaching.
The duration of the intervention phase is 18 months. The primary endpoint is time to the first protocol-defined pul-
monary exacerbation. Secondary outcome measures include number of and time between pulmonary exacerbations,
adherence to inhalation therapy, changes in forced expiratory volume in 1 s from baseline, number of hospital admis-
sions, and changes in health-related quality of life. CF-associated medical treatment and care, and health care related
costs will be assessed by explorative analysis in both arms.

Discussion: This study offers the opportunity to evaluate the effect of adherence interventions using telemedicine
capable devices on adherence and lung health, possibly paving the way for implementation of telemedicine in rou-
tine care for patients with CF.

Trial registration: This study has been registered with the German Clinical Trials Register (Identifier: DRKS00024642, date
of registration 01 Mar 2021, URL: https://www.drks.de/drks_web/navigate.do?navigationld=trial HTML&TRIAL _ID=
DRKS00024642).
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Background

Cystic fibrosis (CF) is an inherited multi-organ disor-
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leading to abnormal function of the CFTR anion channel
in the epithelium of different organs. The recent devel-
opment of highly effective CFTR-directed therapeutics
is currently transforming the care of patients with CF
leading to an increase in lung function, an improvement
in quality of life and a decrease in pulmonary exacer-
bations (3-5). However, the extent of the lung disease
with lung function as a surrogate marker is the most
important prognostic factor for survival (6, 7). Irrevers-
ible lung damage, e.g. bronchiectasis, has often already
occurred in pediatric and adult patients by initiating of
the new CFTR-directed therapies (8). Therefore, inha-
lation therapies with antibiotic and mucolytic agents
remain a cornerstone of symptomatic therapy (1, 9, 10).
These therapies are incredibly time-consuming and adult
patients with CF usually spend at least 1.8 h per day per-
forming an average of seven inhalations (11). In the face
of this immense treatment burden, lack of treatment
adherence was identified as the leading cause for treat-
ment failure (12). Compared to electronic monitoring,
which shows adherence to only 30-50% of all prescribed
treatments, self- and clinician-reported adherence over-
estimate adherence substantially (11, 13—15). In the cur-
rent standard of care, the CF physician has no objective
information on the patient’s adherence, state of health
and quality of life between the scheduled visits. Readily
available information on adherence and lung function
would allow for greater patient self-management of the
disease and also for early intervention and adjustment
of therapies by the CF physician, potentially prevent-
ing pulmonary exacerbations and slowing lung disease
progression.

The role of digital technologies in supporting patients
with CF in managing their complex therapies is being
more and more acknowledged (16). Recently developed
data-tracking nebulizers enabling patients to inhale all
standard medications allow for accurate monitoring of
inhalation therapies. Home monitoring strategies, includ-
ing spirometry and symptom reporting, have been used
for early detection of pulmonary exacerbations with con-
flicting results (17-20). Patients with CF are often cared
for in specialized CF clinics. Regular follow-up visits
delivered by trained, multidisciplinary teams have led to
improvements in CF care and patient outcomes, but this
centralization means longer travel distances for patients,
resulting in more missed school and work. Especially in
between routine visits, video-conferencing appears to
be a promising option for delivering health care while
reducing travel time, but has only been assessed in small
studies (16).

This multi-centre trial aims to evaluate telemedi-
cine’s effect including telemonitoring of inhalation
therapy and lung function, a self-management app,
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video-conferencing and telephone coaching on adher-
ence to treatment, lung function, and pulmonary exac-
erbations in patients with CF. The aforementioned
digital technologies, combined with individualized phone
coaching by psychologists as an intervention for behav-
iour change, are applied to achieve this goal. We hypoth-
esize that this intervention leads to improved adherence,
a prolonged time between pulmonary exacerbations,
improved lung function and higher quality of life than
patients receiving routine care.

Methods/design

General study protocol

This study is a randomized controlled, multi-centre, non-
blinded trial in patients with CF. We present the second
version of the study protocol issued 03 December 2020
following the first version issued 24 September 2020.
First patient in was in March 2021 and recruitment con-
tinues until 30 September 2021. A standard-of-care arm
is compared to an intervention arm using the follow-
ing technologies: objective, continuous monitoring of
adherence to inhalation therapies, weekly home spirom-
etry using electronic devices with data transmission to
patients and caring CF physicians combined with a self-
management app, video-conferencing and professional
telephone coaching (see Fig. 1). In standard-of-care,
scheduled visits with the caring CF physician take place
once quarterly. Further visits only occur at the patient’s
request in cases where the patient’s health status dete-
riorates. In order to evaluate the study interventions in
different medical settings, participants will be recruited
at CF centres at four sites: (1) two major cities (Charité
— Universititsmedizin Berlin; Cystic Fibrosis Centre
Munich-West), (2) one conurbation (University Medicine
Essen), and (3) one rural area (University Medicine Ros-
tock and three associated doctor’s practices). The Eth-
ics committee of Charité — Universititsmedizin Berlin,
Germany, has approved the study (application number
EA2/241/20) and the study was registered with the Ger-
man Clinical Trials Register (Identifier: DRKS00024642).
PARI Pharma Ltd. provides the eTrack Controller and the
2net Hub (Philips, North America). All study costs are
covered by the German Innovation Fund with the fund-
ing number: 01NVF19008. The funders had no role in the
design, management, analysis and reporting of the study.

Study population

To be eligible for the study, participants must have a con-
firmed diagnosis of CF, be age 12 years or older and be
able to give written informed consent or assent. In case
of minor participants, the written informed consent of
the legal guardian must also be provided. Study physi-
cians obtain consent and assent. In addition, participants
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Telemedicine data server
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(measurement of FEV1)

CF-therapy management app for the patient: therapy plan with reminder
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transfer from nebulizer and home spirometry

Calculation of adherence by comparing acutally performed inhalation therapy
with therapy plan, follow-up on lung function and Qol-query, generation of
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Coaching

Telephone coaching by psychologically trained staff; interviewing according to
,Health Action Process Approach (HAPA)“

Key components of the coaching:

:!: - support the patient with disease management

create awareness of possible issues with therapy adherence and increase
motivation for adherence

- strengthen perception of risks of non-adherence

involve parents, partner or close relatives

Video conferencing

=

Uncomplicated contacting between quarterly appointments, reduction of
expenditure of time and travel for patients and doctors, reduction of infection
risk with CF-germs

Fig. 1 Standard of care for patients with CF compared to the intervention group in connect CF. A standard-of-care arm is compared to an
intervention arm using objective, continuous monitoring of adherence to inhalation therapies, weekly home spirometry using electronic devices
with data transmission to patients and caring physicians combined with a self-management app, video-conferencing and professional telephone
coaching. In standard-of-care, scheduled visits with the caring CF physician take place once quarterly

must have had at least one pulmonary exacerbation in
the year before enrolment, a lung function with a forced
expiratory volume in one second (FEV1)<90% of the
predicted value at the day of inclusion and if receiving
a CFTR modulator therapy, participants must be stable
on this treatment for the last three preceding months

with no planned change in CFTR modulator treatment
during the study period. A pulmonary exacerbation is
defined according to the Bilton criteria (modified Fuchs
criteria) as an episode of decreased pulmonary function
caused by infection and treated with additional antibi-
otic therapy for at least two of the following reasons (21,
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22): change in the amount of sputum or colour, increased
cough, malaise, fatigue, lethargy, anorexia or weight loss,
decrease in FEV1 by 10 percent or more from the last
previously recorded values and/or radiographic changes
indicative of pulmonary infection or increased dyspnoea.

Exclusion criteria include an acute depressive or psy-
chotic episode, substantial immobility, no prescribed
inhalation therapy, insufficient knowledge of the Ger-
man language, lack of possession of a smartphone, being
post-lung-transplantation, not being able to perform lung
function testing, or lung function testing is contraindi-
cated (e.g., because of pneumothorax or lung surgery
within the previous three months). Participation in other
intervention studies is also an exclusion criterion unless
it is an open label study with the participation of already
three or more months without planned cessation within
our study duration.
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Randomization

A 1:1 randomization to the intervention group (IG) and
control group (CQG) is performed by an electronic-data-
captures-system (EDC-Systems, secuTrial®) across the
participating centres following study inclusion. Partici-
pants are stratified by age (12-17 years and > 18 years
of age), sex, CFTR modulator therapy, and lung function
(FEV1<40% and FEV1 > 40% predicted value at baseline/
screening).

Study flow and study intervention

Study flow and study intervention are depicted in Fig. 2
and an overview of applied survey instruments and col-
lected data is provided in Table 1. During the prepara-
tion phase, which lasts up to six weeks, study procedures
are explained to the participants, informed consent is

Preparation phase/ Assessment of

Intervention phase

Fig. 2 Study phases and procedures. During the preparation phase, participants are
group (CG), study procedures are explained and the correct handling of the study devices is being trained. The IG obtains a telemedicine capable
nebulizer (eFlow rapid 4 nebulizer system, PARI Pharma GmbH, Germany), a home spirometry (mySpiroSense, PARI GmbH, Germany) and a CF
therapy management app (PARI Connect App, PARI Pharma GmbH, Germany). The CG also receives a telemedicine capable nebulizer (eTrack
Controller with eFlow rapid nebulizer, PARI Pharma Ltd, Germany, and 2net Hub, Philips, North America). During the phase of assessment of
adherence, adherence to inhalation therapy is calculated. Adherence data will be available to the patient, caring CF physicians and coach in

the IG, but not in the CG. At the end of the assessment phase, the IG is further stratified according to baseline adherence (adherence <50%

group and adherence > 50% group). During the intervention phase, continuous digital monitoring of adherence to inhalation therapies and of
lung function is performed in the IG. Participants of the IG can make use of video-conferencing with their caring CF physician up to three times

per quarter. Participants of the IG with an adherence < 50% during the assessment phase additionally receive telephone coaching. In the case
where mean adherence drops below 50% for at least four weeks in the first six months of the intervention phase in patients with initially good
adherence (> 50%), these participants will receive a crisis talk followed by telephone coaching In the last six months of the intervention phase, only
monitoring and optional video-conferencing take place 9 —quarterly visit outpatient c||n|c,(,\,
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Table 1 Overview of applied survey instruments and collected data for both the intervention and control group
Survey instrument/collected data to t1 t2 t3 t4 t5
Anthropometric data IG/CG IG/CG 1G/CG 1G/CG 1G/CG
Sociodemographic data IG/CG IG/CG IG/CG IG/CG IG/CG
Clinical history IG/CG IG/CG 1G/CG IG/CG IG/CG
Clinical findings IG/CG IG/CG IG/CG IG/CG 1G/CG
Lung function test IG/CG IG/CG 1G/CG IG/CG IG/CG
Therapy plan IG/CG IG/CG IG/CG IG/CG 1G/CG
Pulmonary exacerbations since last study visit IG/CG IG/CG IG/CG IG/CG  IG/CG
Time period until first pulmonary exacerbation since beginning of study interven- IG/CG IG/CG 1G/CG
tion
Time between pulmonary exacerbations since last study visit IG/CG IG/CG 1G/CG IG/CG IG/CG
CF-associated hospital admissions since last study visit IG/CG IG/CG IG/CG IG/CG IG/CG
Days absent from work or school since last study visit IG/CG 1G/CG IG/CG
CF-associated medical treatment and care since last study visit IG/CG 1G/CG 1G/CG
Telemonitoring (App)
Continuous monitoring of adherence to inhalation therapy IG/CG 1G/CG IG/CG IG/CG 1G/CG
continuously
Weekly lung function measured by home spirometry? IC IC IC IC
at least 1x/week
Patient questionnaire
Quality of life: EQ-5D-5L /. EQ-5D-Y-5L IG/CG IG/CG IG/CG IG/CG 1G/CG
Quality of life: CFQ-R IG/CG IG/CG IG/CG IG/CG 1G/CG
Beck Depression Inventar IG/CG IG/CG 1G/CG IG/CG IG/CG
Expectations and their fulfilment regarding the new form of care IG/ relatives IG/ relatives
Telephone interview
acceptance, satisfaction, potential for optimization, barriers and implementation IG/physician/ relatives

into standard care

IG=intervention group, CG = control group, t,=inclusion into study, t, = start assessment of adherence, t, = start study intervention, t; = six months of study

intervention, t,= 12 months of study intervention, t;=end of study intervention

? Lung function is measured at least weekly by home spirometry

obtained, and the participant is trained in the correct
handling of the study devices.

The IG obtains a telemedicine capable nebulizer (eFlow
rapid + nebulizer system consisting of an eTrack Control-
ler with eFlow rapid nebulizer handset, PARI Pharma
GmbH, Germany), home spirometry (mySpiroSense,
PARI GmbH, Germany) and a CF therapy management
app (PARI Connect App, PARI Pharma GmbH, Ger-
many) to support self-management, provide adherence
monitoring and transfer lung function values. The inha-
lation device can be used with all standard nebulized
therapeutic agents. Data on date, duration, and inhaled
agent will be collected and automatically transferred to a
web cloud-based telemedicine data server. The CG also
receives a telemedicine capable nebulizer (eTrack Con-
troller with eFlow rapid nebulizer, PARI Pharma Ltd,
Germany, and 2net Hub, Philips, North America). Data
on adherence will be automatically tracked for final eval-
uation without any data access for participants or caring
CF physicians in this group.

The adherence assessment phase follows the prepara-
tion phase. Over a minimum of four weeks, adherence
to inhalation therapy will be tracked for both groups to
obtain a baseline value for adherence before the interven-
tion phase. Adherence is calculated by the ratio of the
number of logged nebulization with a duration of more
than one minute and the number of prescribed inhala-
tion therapies. Adherence data will be available to the
patient, caring CF physicians and coach in the IG, but not
in the CG. The IG is further stratified according to base-
line adherence (adherence<50% subgroup and adher-
ence > 50% subgroup).

During the intervention phase of 18 months duration,
continuous digital monitoring of adherence to inhala-
tion therapies and of lung function is performed in the
IG. Performed inhalation therapies are compared to indi-
vidual therapy plans and adherence is calculated and dis-
played both to the patient and caring CF physician. Lung
function measurements via home spirometry are per-
formed at least once per week, ideally at the same time
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of day and following bronchodilator therapy (if applica-
ble). A progressive graph is generated from lung function
data and provided to the CF physician. Additionally, the
IG participants can make use of video-conferencing with
their caring CF physician up to three times per quarter.
While the patient can request video-conferencing, the CF
physician will also recommend this option if the patient’s
FEV1 decreases by>5% compared to the mean of the
previous two measurements.

All the IG participants will receive continuous moni-
toring and optional video-conferencing, and partici-
pants with an adherence<50% during the assessment
phase will receive telephone coaching. Psychologist from
Thieme TeleCare Ltd. will carry out telephone coaching.
It is based on a necessity-concern-framework and con-
sists of two phases: change talk and commitment talk.
The coaching’s primary goals include supporting the
patient with disease management, creating awareness of
possible issues with therapy adherence, increasing moti-
vation for adherence, strengthening the perception of
risks of non-adherence, and involving parents, partners,
or close relatives (23). This coaching will take place twice
per month for the first six months and once per month in
the following six months. In the case where mean adher-
ence drops below 50% for at least four weeks in the first
six months of the intervention phase in patients with
initially good adherence (>50%), these participants will
receive a crisis talk and intensive telephone coaching
(twice/months) for the following six months. This inter-
vention will be followed by a phase of reduced telephone
coaching, whereby the number of months with reduced
coaching depends on the time left in the intervention
phase. In the last six months of the intervention phase,
only monitoring and optional video-conferencing occur
to assess the effect of the coaching. In the CG, continu-
ous digital monitoring of adherence to inhalation thera-
pies is performed as well, but calculated adherence is
neither displayed to the patient nor to the CF physician.

Measures

Anthropometric and sociodemographic data, informa-
tion on clinical history, lung function, pulmonary exac-
erbations (number and time between exacerbations)
and CF-associated admissions to hospital, number of
days absent from work or school and CF-associated
medical treatment and care are collected at pre-deter-
mined time points during the study period. Lung func-
tion measurement is performed at each study visit
using the SpiroSense Pro® spirometer (PARI GmbH,
Germany), using the same technology as the home
spirometer. Additionally, two different question-
naires, the German CF-questionnaire revised (CFQ-
R) in its age-appropriate version and the EQ-5D-5L or

Page 6 of 11

EQ-5D-Y-5L in adolescents, respectively, are performed
to assess the quality of life of all participants initially,
during, and at the end of the study period (24-27).
Participants will also be regularly screened for depres-
sive disorders using the Beck Depression Inventar Fast
Screen at each study visit (28, 29). Expectations regard-
ing the new form of care applied in this study and their
fulfilment are assessed at baseline and the end of the
study period (see additional file “Questionnaire expec-
tations conneCT CF”). Participants, their relatives, and
CF physicians will be surveyed on acceptance, satisfac-
tion, potential for optimization, barriers and imple-
mentation of this new form of care into standard care
at the end of the study via a telephone interview (see
Table 1).

Endpoints

The primary endpoint is the time to first protocol-
defined pulmonary exacerbation after initiation of
the intervention phase. Secondary outcome measures
include the number of pulmonary exacerbations, time
between pulmonary exacerbations, adherence to inhala-
tion therapy, changes of FEV1 and forced vital capacity
(FVC) from baseline, the number of CF-associated hos-
pital admissions, and changes in health-related quality of
life (assessed with CFQ-R and EQ-5D-5L). Furthermore,
sociodemographic and anthropometric data, number
of days absent from work or school, and CF associated
medical treatment and care are assessed by explorative
analysis, and health care-related costs for both study
groups are evaluated.

Data management

At each study site, research personnel enter data from
source documents into the electronic case report form
(eCRE, EDC-Systems, secuTrial®). Data collected from
the PARI Connect App can be accessed via a web-based
dashboard. The data from the dashboard and all fur-
ther data transfer within the study will be performed in
pseudonymized form as comma-separated values (CSV)
file via secure file transfer protocol (SFTP) server with
exception of personal data needed for video-conferenc-
ing and telephone coaching. For video-conferencing, a
secured web portal (m.Doc GmbH) is established with
restricted access only for the participant and study per-
sonnel. All study collaborators will have equally access
to the final trial dataset. Trial results will be published in
peer-reviewed journals. Authorship eligibility is based on
substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation of
data for the work.
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Quality assurance

Quality of medical data is ensured by intensive training
of the participants in the use of the nebulizer, the app,
and the performance on the home spirometry. Treat-
ment plans entered into the app by the participants will
be compared to those entered into the eCRF by the study
personnel and checked at each study visit. To ensure
safe data collection and data transfer, an extensive data
protection concept compliant with GDPR (General Data
Protection Regulation) has been elaborated. The study
protocol has been designed according the standard ethi-
cal and scientific principles such as the declaration of
Helsinki, guidelines of CIOMS (Council for Interna-
tional Organization of Medical Sciences) in collabora-
tion with WHO (World Health Organization). Study sites
report recruitment progress to all trial collaborators on a
monthly basis. In case no data is tracked from the inha-
lation device or home spirometry, an alert to the study
centres is created to ensure adherence to study measures.

Page 7 of 11

Statistical analysis plan
All data will be analysed between IG and CG (cross-sec-
tional analysis) as well as longitudinally. For the descrip-
tive data analysis, adequate location and dispersion
measures will be determined, and correlation analysis
will be performed. An inferential data analysis will follow
this. Depending on the kind of data and data distribu-
tion appropriate statistical tests will be applied: e.g. t-test,
Wilcoxon-Rank-test, Friedman-tests or variance analysis
with repetitive measures in order to identify longitudinal
differences; e.g. log rank-test, Wilcoxon—-Mann—Whit-
ney-test and Chi-square-test for cross-sectional analysis.
To investigate the relationships between the variables,
multivariate analysis and regression analysis will be per-
formed. An intention-to-treat-analysis will be used and
further evaluated for its sensitivity according to per-pro-
tocol-principles and as-treated principles.

For the cost- effectiveness analysis the defined primary
outcome parameter will be set against determined costs:

Mean health costs in IG — Mean health costs in CG

ICER =

Median time to exacerbation in IG — Median time to exacerbation in CG

Study interventions are discontinued on patient’s request
or in case of insufficient patient’s adherence to study
interventions and study visits. Participant’s data will be
collected and evaluated until discontinuation of study
participation. An interim analysis will be performed after
12 months following study initiating. All study collabo-
rators will have access to these interim results. Because
of the minimal risk of the intervention, possible adverse
events will be collected at routine study visits. For the
same reason, a formal data monitoring committee is not
needed.

Sample size calculation

Sample size calculation was performed by Private Insti-
tute for Applied Health Services Research (inav) GmbH
and is based on the following assumptions: (1) pri-
mary endpoint: time to pulmonary exacerbation (30),
(2) median time to exacerbation is 30% less in the CG
compared to the IG based on estimation of involved CF
experts, (3) event-free survival within 12 months in 25%
of participants (18), (4) a significance level «a=0.05 and
power of 1 — B=0.8, (5) dropout rate of 20% (18) and
(6) exponential distribution of survival and proportional
hazards. Following these assumptions, a sample size of
391 participants is needed. To account for possible devia-
tions from the assumed survival and dropout rate, we
aim to recruit 402 patients. Participants are recruited as
part of their routine visit at their CF centre by research
personnel.

To account for uncertainty in estimation of ICER
(incremental cost-effectiveness ratio), a non-parametric
bootstrapping will be performed. Additionally, cost-effec-
tiveness-acceptability-curves will be generated.

Qualitative data acquired from the telephone inter-
views will be transcribed verbatim and analysed via the
data analysis program MAXQDA.

Using the EDC systems minimizes missing data. In
the case missing or implausible data, study centres will
be contacted and data possibly corrected. Alternatively,
we will assess if appropriate imputation methods can be
applied.

Discussion

The conneCT CF trial is the first large multi-centre rand-
omized controlled trial aiming to evaluate telemedicine’s
effect including telemonitoring, self-management app,
video-conferencing and telephone coaching on adher-
ence, pulmonary exacerbations, and quality of life in
patients with CF.

Digital technologies are widely used among the gen-
eral population and their importance for health care is
being more and more recognized. This development
has led to the publication of the first global strategy
for digital health by the WHO (31). The appeal of digi-
tal technologies in CF care is improved monitoring of
therapy and health status by real-time applications lead-
ing to improved self-management, the opportunity of
earlier intervention in case of lung function decline,
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better access and reduced travel to specialized centres
and reduced risk of cross-infection at clinic visits.
Treatment adherence requires self-management
skills, which are also the critical component to success-
fully managing chronic disease (32). In adolescents, an
age group where adherence is particularly challenging,
home monitoring was shown to be a feasible adherence
intervention and a strong adherence motivator (33, 34).
Recently developed data-tracking nebulizers enable
patients and physicians to monitor adherence to a vari-
ety of inhalation therapies objectively. In the presented
trial, information on lung function and adherence to
different inhalation therapies can be made easily avail-
able on the patient’s smartphone and to the caring CF
physician. Additional features of the app such as sched-
ules and patient reminders can help participants build
good self-care habits. Providing adherence feedback
might also improve the quality of clinical consultations
by enabling an open and honest discussion about adher-
ence issues (35). Data tracking nebulizers form the basis
of further ongoing trials evaluating different telehealth
interventions aiming to increase adherence to nebulizer
therapy (Tele-Coaching Intervention to Improve Treat-
ment Adherence in Cystic Fibrosis, ClinicalTrials.gov
Identifier: NCT03921229) (36—39). The Tele-Coaching
Intervention-trial is a prospective, multi-centre pilot
study including 100 patients with CE. An eTrack nebu-
lizer and a vest monitor photo capture are used as meas-
ures of adherence. Primary outcome measures focus on
patient attrition, intervention acceptability and feasibility
and second outcome measures on adherence. The most
significant ongoing trial on telemetric measurement of
adherence is the CFHealthHub Data Observatory aiming
to include as many as possible of the 6,000 adult patients
with CF at 20 CF centres in the United Kingdom follow-
ing a pilot phase and a randomized controlled trial with
608 patients at 19 CF centres (38). Similar to our study,
adherence data on inhalation therapy is uploaded and
made available on the patients’ smartphone and to the
caring CF physician via a healthcare software (CFHealth-
Hub software system). In contrast to our study, this
study’s behavioural change intervention is not combined
with a personal coaching. The phone-coaching interviews
in our study will offer the possibility to address individual
barriers for adherence and support patients in develop-
ing disease management strategies by psychologists,
in addition to the examination and visit at the CF cen-
tre. Furthermore, our study is the first study combining
adherence interventions with continuous monitoring of
lung function and health status. This innovative approach
allows simultaneous monitoring of the adherence-mod-
ifying interventions and their effectiveness. The benefit
of home monitoring on early detection of pulmonary
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exacerbations, lung function and well-being were shown
in several studies (17, 20, 40, 41).

Nevertheless, a large randomized controlled trial on
home-monitoring in patients with CF, the early interven-
tion in cystic fibrosis exacerbation (eICE) trial, resulted in
the detection of more exacerbations than with standard
care. However, despite the treatment of these events, this
intervention did not improve lung function (18). Tight
monitoring of patients’ health status and lung function
in the presented study might also lead to the paradoxi-
cal effect of increasing numbers of pulmonary exacerba-
tions in the IG compared to the CG. Early alert of the
caring physician to decreasing lung function and facili-
tated access to medical care by video-conferencing aim to
adjust treatment in a timely manner and prevent disease
progression in the long-term. A 52-week study period, as
used in the eICE trial, might have been too short to evalu-
ate the effect of home monitoring, especially in relatively
stable patients with infrequent pulmonary exacerbations.
In our trial, we therefore chose a more extended inter-
vention phase of 18 months.

The eICE trial highlighted the issue of adherence to tel-
emedicine: adherence with the once weekly transmission
of home spirometry data was 50%, with twice-weekly
data transmission only 19%. Data transmission issues
were also reported as a limiting factor in previous tele-
medicine studies (40, 42). In the presented study, adher-
ence to telemedicine is facilitated by reminders set in the
smartphone app and automatic data transfer from the
spirometer and inhalation device without any action by
the participant, except using the app and accepting the
data transfer.

However, home monitoring bears the risk of adverse
effects including increased anxiety caused by increased
awareness of deterioration in lung function (43). In the
presented study, the possibility to request video-confer-
encing in addition to quarterly visits addresses this issue
and provides an opportunity for additional, uncompli-
cated contact with the caring CF physician. The CF phy-
sician can also offer video-conferencing in case home
monitoring data show deterioration in lung function
facilitating intensified care compared to the CG. In addi-
tion, patients are screened for quality of life and depres-
sion regularly, and a psychologist is consulted if the
screening indicates an increased psychological burden.

In telemedicine studies relying on a particular techni-
cal infrastructure, concerns regarding generalising of the
results might be raised. These concerns are addressed by
enrolling patients from different geographical regions
and different treatment facilities (university hospital,
outpatient clinic and doctor’s practice). Another con-
cern focuses on the quality of the data collected remotely
during clinical trials (44). Staff and participants will be
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extensively trained in the handling of the devices. Lung
function will be measured at each study visit using a
spirometer (Spiro Sense Pro, PARI Ltd., Germany) that
uses the same technology as the home spirometer, serv-
ing as further quality control of the lung function meas-
urement at home.

Recently, the new triple CFTR modulator therapy con-
taining the correctors tezacaftor and elexacaftor com-
bined with the potentiator ivacaftor received approval
for patients aged 12 years and older who have at least one
F508del mutation by the U.S. Food and Drug Adminis-
tration (FDA) and for patients who are homozygous or
compound heterozygous for the F508del mutation in
combination with a minimal function mutation by the
European Medical Agency (EMA) (45, 46). In light of
these highly effective CFTR-directed therapies, the role
of inhalation therapies in CF treatment is to be defined
and objective data on treatment adherence and lung
function will inform these discussions.

New forms of health care are to be evaluated for their
impact on patients’ health and also for their cost-effec-
tiveness compared to traditional care. Data on the cost-
effectiveness of telemedicine in CF care are scarce, but
two studies from Italy evaluating telemedicine estimated
cost savings per patient of around 5,000€ annually and
40,000€ over a 10-year-period (47, 48). Nevertheless,
conclusions drawn from one health system might not be
transferable to a different health system and more data
from different settings are needed before a more general
statement on the cost-effectiveness of telemedicine can
be made.

Our study has some limitations: due to the study
design’s nature, blinding of the patients and staff is not
possible. Participation in this trial will be offered to all
patients meeting the inclusion criteria. Nevertheless,
only very motivated patients may agree to participate,
leading to a selection bias. Additionally, a performance
bias could occur because staff and patients of the partici-
pating centres might be more aware of the issue of adher-
ence. This bias might lead to an increase in adherence
also in the CG possibly diminishing our ability to detect
differences in adherence between the IG and CG.

The coronavirus disease 2019 (COVID-19) pandemic
has highlighted the importance and potential of digital
technologies in patient care, and different strategies have
been rapidly implemented (49-51). Scientific evidence
for the feasibility, clinical benefit and cost-effectiveness
of these interventions in patients with chronic conditions
like CF is urgently needed to form the basis of a regula-
tory framework to authorize, integrate, and finance tel-
emedicine services (52).
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In summary, this study offers the opportunity to estab-
lish structures for secure data transmission, evaluate the
use of telemedicine capable devices and adherence inter-
ventions on lung health and its cost-effectiveness, and
possibly pave the way for implementation of telemedicine
in routine care for patients with CF.
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