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GENERAL DISCUSSION
Interstitial Lung Diseases (ILDs) and Pulmonary Hypertension (PH) are two entities of
chronic lung disorders, that are known to decrease survival and that have a negative
impact on health-related quality of life of patients. Patients suffer from a wide variety of
symptoms such as dyspnea, fatigue, cough, reduced exercise tolerance and side effects
of medication, restricting them to live a normal life.1-7
In the research of this thesis we describe: (1) the translation and validation process of
instruments that measure patient-reported outcomes in patients with ILD and PH, (2)
the development of patient-recorded outcome measures in ILD and (3) interventions
that aimed to improve quality of life of ILD and PH patients.

Validation of ILD and PH patient-reported outcome measures (PROMs)
Traditionally disease progression and effect of treatments are assessed by physiological
outcomes measured in hospital. However, it is increasingly acknowledged that patientreported outcomes (PROs) on symptoms and wellbeing should also be examined, in
order to quantify the impact of the physical constraints to the patients wellbeing.8-11 In
clinical trial settings, PROs are mandatory nowadays.12 Patient-reported outcome measures (PROMs) are formal instruments that, if properly validated, are able to measure and
quantify these subjective values in a reliable manner. Some PROMs asses a single-item
e.g. a symptom, other PROMs have multiple outcomes with various domain scores and
a global score on quality of life. As shown in table 1 of the introduction section there are
various PROMs available in the ILD and PH field.

What PROM is needed?
For use in routine clinical care, the questionnaire should preferably be short, target sufficient relevant aspects of the disease and be able to detect changes in health status in
the individual patient. A brief questionnaire facilitates the physician to rapidly monitor
the disease, identify problems and if necessary, respond to this. Often a physician lacks
time during a routine consult to interview a patient about how the disease impacts
his/her life; a PROM may improve communication between the patient and physician.
Despite these advantages, use of PROMs in clinical practice in ILD and PH is scarce and
could be improved.
For use in clinical trials the questionnaire should be sensitive enough to detect the effect
of a treatment at group level within the trial duration and identify clinically relevant
differences between groups with different disease severities. There must be enough
evidence that the PROM has valid measurement properties in the studied patient
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population.12,13 Furthermore, the minimal clinically important difference (MCID) is preferably known, to understand what minimal change in PROM score is meaningful for the
patient.14,15 Ideally, a PROM meets all these conditions and could be used both in clinical
practice as well as for clinical trials.

How do we get the ideal PROM?
Nowadays, there is a wealth of PROMs and new ones are still being developed. To avoid
dilution of experience and validation, a balance should be sought between developing
new and better PROMs and using older, extensively validated ones. If a PROM does not
exist for the area of interest, a new questionnaire could be developed, ideally from the
start with a group with broad diversity, consisting of patients and experts. Being a very
timely and costly process, it may be preferable to look for an existing questionnaire and
for instance translate a foreign suitable questionnaire. However, when the translation
process is not performed properly, the meaning of a question or answer can easily be
lost. To be able to compare scores from questionnaires when they are used cross-cultural
in global clinical trials or in international collaboration projects, it is crucial that the
meaning of questions (as intended by the original developer) is preserved throughout
the translation process. 16 Cross-cultural adaptations of the questionnaire may be necessary. The questions and responses of the translated version should be understood
similarly by the aimed population as by the population of original development, despite
potential cultural differences. In chapter 2, 3 and 4 of this thesis, we describe the translation procedures of respectively the King’s Brief Interstitial Lung Disease (K-BILD) questionnaire, the King’s Sarcoidosis Questionnaire (KSQ) and the Cambridge Pulmonary
Hypertension Outcome Review (CAMPHOR). To ensure the aforementioned equivalence
between the original questionnaires and the translated versions of the K-BILD, KSQ and
CAMPHOR, we followed a rigorous validation process in three phases: (1) a multistep
translation procedure (2) cognitive debriefing interviews with patients; and (3) psychometric assessment of the PROM in repeated tests, 2 weeks apart, in the targeted patient
population.17,18 If there is enough evidence that the PROM performs well in different
languages and settings, only phase 1 and 2 (linguistic validation) may be sufficient. This
holds also true for PROMs that have been developed in such a way that they can be
applied globally, despite known cultural differences.19,20 In this case only translation of
the questionnaire is needed, which may accelerate its global use. Performing phase 3 of
the translation procedure, each time the PROM is translated, may hinder its use in global
clinical trials as it is time consuming to repeat the psychometric assessment in at least
50 persons of the target population.21,22
Psychometric assessment of a translated PROM, may also yield interesting new insights.
Recently the 29-item KSQ (described in chapter 3) was translated in German and psy-
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chometric properties were tested.23 Using exploratory factor analysis and item response
modeling, the authors found that measurement properties of all domains of the KSQ
improved when 5 items were removed. This is an interesting finding considering that
a 24-item instead of 29-item questionnaire takes less time to complete and is therefore
more convenient for clinical care. However, to adapt this questionnaire for one country
has disadvantages as it will hamper collaboration and comparison internationally, as
the longer KSQ version has already been translated in 14 languages.23-25 This is why
often, even though a better version of the initial questionnaire exists, people tend to
keep working with the original version. A similar situation occurred with the often used
SGRQ.26 Even though this questionnaire has been shortened and adapted for idiopathic
pulmonary fibrosis IPF (SGRQ-I)27, in clinical trials the 50-item originally COPD questionnaire remains used as this allows for comparison with previous studies and has been
accepted by policy makers as the Food and Drug Administration (FDA) and European
Medicine Agency.28
In PH, no such example exist. The CAMPHOR was the first disease-specific questionnaire (described in chapter 4). Currently the CAMPHOR questionnaire is available in
at least 23 languages.29-37 However, since the questionnaire is quite lengthy and not
freely accessible, its use is limited in a clinical setting. Recently two much shorter PH
specific questionnaires (Pulmonary Arterial Hypertension-Symptoms and Impact -PAHSYMPACT®-questionnaire and EmPHasis-10), have been developed.20,38,39 However, they
still need further validation. Giving its brevity, especially the EmPHasis-10 may be an
attractive indicative tool to monitor the impact of PH in clinical care. In an ongoing
prospective study in PAH and CTEPH patients we incorporate both the CAMPHOR and
the EmPHasis-10 to examine how they correlate with clinical outcome parameters and
to compare the outcome of both questionnaires.
As illustrated above, even though better and more practical PROMs may be available,
this will not automatically lead to incorporation of these PROMs in clinical trials and daily
practice. Therefore, researchers, pharmaceutical companies and policy makers should
stimulate the use of newer PROMs in trials as the outcomes they measure are important
for patients. Even when used as an explorative endpoint, these data may contribute to
their validation and acceptation.

New technologies to measure PROMs
Also new technologies, may facilitate use of PROMs. An innovative way to assess health
status with the shortest possible PROM, could be Computer Adaptive Testing (CAT). CAT
is a type of measure which tailors the questions to the individual patient. The questions
are drawn from an Item Response Theory-based item bank; a large set of questions mea-
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suring the same construct e.g. fatigue. The questions are ranked in order of difficulty.
With each response, the computer refines a person’s score and determines what the
next relevant (most informative) question would be. Irrelevant questions are skipped
allowing that the number of questions is kept to a minimum (4-10 items), without losing
precision. Until now there is insufficient experience with the application of this CAT in
ILD or in PH. Also, its use in clinical trials outside ILD and PH has been limited.40-42
Another way of implementing digital technologies is to administer electronic PROMs.
Instead of spending valuable time in clinic on completing questionnaires, patients can
do this at home, online or in the clinic on a computer or handheld device before the
consultation. Scores and trends are immediately available, which allows the patient
and the medical team to use these in the consultation and as guidance for management decisions. The big advantage of this system is that it allows patients to see the
results of the PROs, whereas in paper version, these questionnaires are often handed
in and patients have little insights in their own scores. In the research presented in this
thesis we describe a pilot study to the feasibility of a home monitoring program in IPF
patients, which also incorporated PROs collection by the patient at home. The data were
transmitted real-time to a secured platform, making data immediately accessible for
the patient and the physician. This allowed the medical team to monitor the patient at
a distance. For instance, if bothersome symptoms or side-effects of medical treatment
were reported, the medical team automatically received a notice and could contact the
patient via the digital tool or by phone. It also allowed patients to self-evaluate the effect
of changes in management. Patients were very satisfied with the program, felt more in
control of their disease and wished to continue home monitoring after the pilot study
stopped. With increasing digitalization, we have to adapt to these developments as
healthcare providers. Currently, there are many initiatives and apps, but only very little
research about their effect on patient wellbeing, medical outcomes and implication for
healthcare consumption, and economical burden. This will need research about the
optimal use of digital platforms and preferably randomized controlled trials.

Development of patient-recorded outcome measures.
In addition to home monitoring of PROs, also home recording of spirometry and other
physiological parameters, has the potential to improve medical care and research. In
patients with IPF, real-time home recordings of FVC, allows for monitoring of disease
progression and identification of patients with fast deterioration, as shown by Russell et
al.43 Potentially, it could also play a role in the early detection of acute exacerbations . In
patients with IPF, this is currently investigated in a national trial in Germany, using the
system we have developed.
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Home spirometry to evaluate effects of treatment
In chapter 5 we describe the use of daily home spirometry, to monitor time needed
for optimal treatment response in patients with sarcoidosis. Daily FVC recordings,
performed by newly treated patients with sarcoidosis, demonstrated that the greatest
improvement in FVC occurred within 2-3 weeks after starting steroid treatment. This
would have been missed with the standard frequency hospital measurements (every
3-6 months). As prolonged high-dose steroid therapy is associated with negative sideeffects, this finding is important suggesting that physicians could start earlier with dose
tapering. Future research in patients with sarcoidosis is needed to evaluate if personalized dose titration based on home recorded FVCs and PROMs will lead to a reduction of
side-effects and improvement of quality of life.

Home monitoring; additional benefits
In chapter 6 we describe the development of a daily home monitoring program with
real-time wireless spirometry. Though experience with home-based spirometry in ILD
is currently limited to IPF and sarcoidosis, we have expanded clinical use and research
to the broader population of patients with ILD. Whether home monitoring of FVC and
PROs improve quality of life (measured with the K-BILD questionnaire) is currently being
investigated in a national randomized controlled trial (NCT03420235).
For use in clinical trials, home monitoring of FVC holds additional benefits. Johannson
et al. have modelled that weekly recording of FVC compared to 6-monthly hospital
spirometry, importantly reduces the required sample size necessary to demonstrate an
effect of potential new IPF therapies in clinical trials.44 In our research project to the
feasibility of a home monitoring program in IPF patients, the median variation coefficient of daily FVC recordings was 3.76%, comparable to the findings of Russell et al.
who reported 4.96% and better than the 8% variability found by Johannsen in weekly
recordings.43,45 It remains to be examined if asking the patient to conduct spirometry
with a lower frequency (e.g. once a week), but then blowing three FVC maneuvers and
selecting the best measurement, will improve accuracy. Currently home monitoring is
used in an international observational study to better understand disease behavior in
patients with a suspected diagnosis of IPF/ILD (NCT03261037). This includes real-time
recording of FVC and of physical functional capacity through accelerometry. If having
data on disease behavior during the diagnostic trajectory will facilitate diagnosis, is still
subject of investigation.

Stimulating uniformity
Another important measure of pulmonary physiology is the transfer factor of the lung
for carbon monoxide (TLCO) . Measurement variability hampers its use as outcome in
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clinical trials. To manage this variabity and to ensure reliable, useable and reproducible results, standardization of TLCO and FVC measurements is very important and the
guidelines on calibration of the equipment and test performance should be followed.
46,47
TLCO is mostly reduced in IPF patients.48 Often IPF clinical trials use the TLCO as one
of the inclusion criteria. The lower limit for inclusion varies, but is often 30% of the predicted value. For calculation of the predicted values , new reference values have been
developed and published in 2017.49 However, these new Global Lung function Initiative
(GLI) reference values have not yet been adopted by all lung function laboratories which
causes interlaboratory variability in trial eligibility.
In chapter 7 we describe how switching to the new GLI reference values may affect the
number of patients eligible for clinical trials. Especially for severly diseased patients with
a TLCO near the lower limit, using GLI reference equations may have positive implications, enabling them to participate in trials. Hopefully our research encourages lung
function laboratories to adopt the GLI TLCO reference values as soon as possible, and
sponsors to incorporate them in their study protocol.

Interventions aimed at improving quality of life for patients
The first parts of this thesis describe methods to measure outcomes, however, in the
end the aim is to improve care and treatments for patients. The third part of this thesis
describes two intervention studies that aimed to improve the quality of life of IPF and
PAH/CTEPH patients. Although new pharmacological treatments have been developed
in the last years, most patients with IPF and PAH/CTEPH still suffer from a progressively
impaired QOL, limited exercise capacity, and high symptom burden, while their survival
is still decreased. Therefore, it is important to search for opportunities other than pharmacological treatment to improve exercise capacity and QOL.
ILD and PH guidelines recommend pulmonary rehabilitation programs as add-on therapy
to pharmacological treatment.50-52 Reviews have demonstrated that PR programs have
beneficial effects on exercise capacity, mostly measured with the 6MWD, and healthrelated QOL.53-55 However, a major challenge is to maintain these beneficial effects by
continuing the exercise regime after the program stops. Furthermore, following a PR
program in an outpatient specialized rehabilitation center with 2-3 visits a week, or to
stay in clinic away from family, often imposes a high burden to the patients.

Feasibility and efficacy of a home-based training program for IPF patients
To overcome the aforementioned hurdles, we wanted to offer a home-based training
program with a new training modality, the walk-bike, that if well implemented in daily
life could maintain potential beneficial effects of the training period. In chapter 8 we
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describe a cross over pilot study to the efficacy of a home-based training program in
IPF patients on QOL and exercise capacity, using this walk-bike. The results showed
a tendency toward improvement in QOL as measured by SGRQ and K-BILD, and no
improvement in the 6MWD. We learned that the study design was not ideal for this
vulnerable patient group. On one hand, patients with reasonably preserved exercise
capacity didn’t want to participate, while on the other hand, patients with much more
impaired exercise capacity were too dyspneic to participate or dropped out during the
study due to disease progression or complications of disease. Another problem with
inclusion of patients was their fear of being stigmatized. A walk-bike makes the disease
visible for their surroundings. This is a similar sentiment that has been described by
patients when facing the decision to start ambulatory oxygen.56 This resulted in a study
that unfortunately failed, but despite this, we learned that for some individual patients
the walk-bike contributed to a better quality of life due to a an increased mobility and
feeling of independency. This emphasizes the importance of personalized care, but also
the difficulties faced when studying supportive measures for patients with an end-stage
progressive deadly disease.

Effectiveness of a multidisciplinary outpatient program
In chapter 9 we examined the effects of a multidisciplinary PR program in an entirely
outpatient setting in PAH/CTEPH patients. After 10 weeks of PR with 2 group training
sessions per week in a specialized rehabilitation center, significant improvements were
achieved in exercise capacity (measured by means of cycling endurance time -CET- and
6MWD), peripheral and respiratory muscle strength, CAMPHOR QOL and symptoms. The
most beneficial effect was found in functional endurance measured by CET (increase
of 4.8 minutes or 288 seconds). This result can be considered as a clinical meaningful
effect since in a study by Laviolette et al. 57 in patients with COPD, a difference of 100-200
seconds in the CET was regarded as a clinical significant result. Although the improvement in 6MWD was statistically significant, the absolute gain was small compared to
other studies.54,55 This was most probably caused by a ceiling effect of the 6MWD in the
patients studied. When patients are already treated with optimized PAH specific drug
therapy like in our study, the 6MWD may be less able to detect meaningful clinical improvements.55,58 Our patient group had, on average, a higher baseline 6MWD compared
to patients in studies that demonstrated a larger effect in 6MWD. Although the 6MWD
is currently often used as primary endpoint in PAH clinical trials, one should consider its
limitations. Recording of daytime activity may be a more reliable and clinically valuable
tool to assess the effects of a PR program. As demonstrated by Ulrich et al. a reduced
daytime activity is associated with reduced survival and with severe hemodynamics.59
Moreover, adoption of a sedentary life by PAH patients as a consequence of not being
able to perform physical activities, contributes to an impaired QOL.60 In the follow-up
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study of our rehabilitation program we included measurement of daily activities by
means of a move monitor, before and at the end of the PR program.
Improvement of QOL as measured in our study is also the result of the multidisciplinary
approach of our PR program, including psychological counseling as well as contact with
peers (reviews of patients, unpublished data). Future studies should be initiated on how
to maintain daily life activities and QOL after the end of PR program. At this moment we
advise patients to continue physical training under supervision of a physiotherapist. We
plan to add an evaluation of daily life activities and QOL six months and one year after
the end of the PR program.
In conclusion, improving daily life performance and QOL should be ultimate goals of
add-on therapies like PR programs.

Conclusion
The past years, substantial progress has been made in acknowledging the importance
of patient perspectives, by incorporating the patient’s voice to assess treatment effects
both in standard care as well as in research. This has taught us important lessons, but
visualized the challenges of development, validation and implementation of PROMS
and also the need of new PROMs. With increasing patient participation in research as
well as in shared decision making in daily practice, we will be forced to further advance
the field of patient-reported outcomes.61 The importance to not only focus on prolonging survival (or its surrogate endpoint), but also putting emphasis on QOL for patients,
will enhance our insights in treatments effects from the patient’s perspective and will
support shared decision making in choosing the best available treatment. Expanding
digital solutions, new collaborations with different stakeholders (patients, researchers,
pharmaceutical companies and others) and daring to incorporate new developments,
will further pave the way for meaningful assessments of the patient’s voice.
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