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Abstract

CFTR modulators (CFTRm) were introduced recently but they are already profoundly changing Cystic Fibrosis (CF) landscape.

This survey was conducted in 2018 to evaluate how their perception and use evolved in Italy, with focus on factors that could

influence physician treatment decisions. Response rate was 75.6% and the majority of physicians (81%) had been working in

CF for over 5 years. While traditional parameters such as lung function and nutritional status remain key evaluation criteria

in relation to initiation and monitoring of CFTRm, pulmonary exacerbations ranked at least at the same level of importance

in both pediatric and adolescent/adult patients homozygous for F508del, as well as those with residual function mutations.

Increasing interest is shown for tools that can help detect early manifestations of disease such as Lung Clearance Index and

imaging. Patient-related outcomes, such as ability to conduct daily activities, are also deemed relevant in decision to start and

continue CFTRm. Physician decision to initiate treatment according to clinical presentation was similar in all groups, showing

that more importance was given to severity/instability of disease rather than mutation type or age range. A relatively low

percentage of physicians would treat asymptomatic patients, in particular very young or those with residual function mutations,

showing reluctance to treat early in some patient groups in the absence of clear manifestations of CF. Increasing experience

with CFTRm will allow to gain more long term evidence and will help shape new guidelines.
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. Survey on CFTR modulators: Italian scenario

Abstract

CFTR modulators (CFTRm) were introduced recently but they are already profoundly changing Cystic Fi-
brosis (CF) landscape. This survey was conducted in 2018 to evaluate how their perception and use evolved
in Italy, with focus on factors that could influence physician treatment decisions. Response rate was 75.6%
and the majority of physicians (81%) had been working in CF for over 5 years. While traditional parame-
ters such as lung function and nutritional status remain key evaluation criteria in relation to initiation and
monitoring of CFTRm, pulmonary exacerbations ranked at least at the same level of importance in both
pediatric and adolescent/adult patients homozygous forF508del , as well as those with residual function
mutations. Increasing interest is shown for tools that can help detect early manifestations of disease such
as Lung Clearance Index and imaging. Patient-related outcomes, such as ability to conduct daily activities,
are also deemed relevant in decision to start and continue CFTRm. Physician decision to initiate treatment
according to clinical presentation was similar in all groups, showing that more importance was given to seve-
rity/instability of disease rather than mutation type or age range. A relatively low percentage of physicians
would treat asymptomatic patients, in particular very young or those with residual function mutations, sho-
wing reluctance to treat early in some patient groups in the absence of clear manifestations of CF. Increasing
experience with CFTRm will allow to gain more long term evidence and will help shape new guidelines.

Introduction

This millennium saw a transformation in the way cystic fibrosis (CF), a lethal, autosomal recessive disease
affecting over 80,000 people worldwide1, is treated. This monogenic disease is caused by mutations in the
cystic fibrosis transmembrane conductance regulator (CFTR) gene2,3. The altered function of the CFTR
protein that is present in multiple epithelia such as the lung, pancreas, gastrointestinal tract, liver, and
reproductive tract4,5 causes abnormal viscous secretions and in the airways in particular, chronic infection
and exuberant inflammatory response leading to progressive respiratory failure and death if patient cannot
get access to a lung transplant6. Historically, treatment of CF has involved symptomatic treatment aiming
at increasing mucociliary clearing, preventing infection and inflammation as well as nutritional therapies7-9.
Change of treatment paradigm started in 2012, with the availability of the first therapy targeting the CFTR
protein basic defect on a small minority of the population carrying at least one gating mutation10,11. This new
class of drugs called CFTR modulators (CFTRm) rapidly increased with the addition of new combinations
targeting additional CF patient groups, ivacaftor/lumacaftor, ivacaftor/tezacaftor and more recently ivacaf-
tor/tezacaftor/elexacaftor, each of them approved for use in patients with specific genotypes12. Although
genotype does not fully correlate with phenotype, patients homozygous forF508del , the most frequently
represented mutation worldwide, generally have a rapidly progressive disease while patients with mutations
associated with residual function of the CFTR protein tend to have a slower course of disease13. With the
increasing availability of compounds addressing the cause of the disease, the possibility to change the course
of CF is now within reach and there are high hopes in the community to transform this rapidly lethal disease
into a chronic disease. While longer follow up is needed to fully understand the potential of this new class of
drugs, treatment decisions can be influenced by the length of personal experience with CFTR modulators,
expectations in the longer term and the perception of specific burden of illness by subgroups of mutation
types or age range. We conducted this survey among Italian CF physicians to understand their perception
and use of CFTRm, checking their treatment preference and opinion on how early treatment should be
started in different patient groups with different disease expression. This is the second survey conducted by
our group, at 3 year interval from the previous one performed using the same modalities14.

Materials and methods

Participation to the survey was proposed through an online platform to all physicians from Italian CF centers
and was voluntary and anonymous. No IRB approval was required considering the study type. Questionnaire
was composed of 16 item including 3 profiling questions. The questionnaire focused on the three groups
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. of patients for whom CFTR modulators were authorized at the time: F508del homozygous patients below
and above 12 years of age and patients with RF mutations. Questions explored expectations of efficacy of
CFTRm, criteria used to start therapy, monitoring parameters, treatment preferences according to disease
stage and treatment preference in F508del homozygous patients. A Likert scale in 4 points (not at all, slightly,
somewhat, a lot) was used to rank the answers. Descriptive statistical analysis was performed to depict the
distribution of answers. CHI-squared test was used to investigate a possible center effect influencing the
answers (clusterization) a statistical significance was considered when p-value was <0.05. Cohen’s kappa
coefficient (κ ) was calculated to evaluate possible correlation between different answers, consideringk =1 as
complete concordance.

Results

The survey was conducted between May 3rd and October 2nd 2018. Of the 78 clinicians contacted, 59
(75.6%) answered the questionnaire; the 59 clinicians participating to the survey were representative of 29 of
the 31 CF centres in Italy. 48 participating physicians (81%) had been working in the field of CF for over 5
years, including 31 clinicians (53%) who had over 11 years or experience. The majority of respondents (76%)
works in mixed (pediatric and adult) CF centres, and 51% follow >200 CF patients. Of note, respondents
answered 100% of questions. The full list of questions is presented in Table 1.

Clinicians expectations about CFTR modulator therapy

The vast majority of clinicians declared to expect moderate to great improvements in lung disease (88%),
nutritional status (90%), ability to perform activities of daily living (86%) and survival (76%) but none or
slight effect on exocrine pancreatic sufficiency (71%), endocrine pancreatic function (71%) and liver disease
(78%). More specifically, clinicians expect moderate to great improvement on the number of exacerbations
(95%) and slowing down of annual decline in FEV1 (86%) but none or slight increase in FEV1 (63%) and
little or no improvement of pulmonary imaging (59%).

Criteria used to start and monitor CFTR modulator therapy

Table 2 presents the distribution of responses on criteria used to start CFTRm therapy. The number of
exacerbations is perceived by respondents as the most useful parameter to decide to start the therapy with
CFTR modulators: this parameter is deemed “somewhat useful” to “very useful” by 95% of respondents for
F508del -homozygous pediatric patients, by 97% for F508de l-homozygous adult patients and by 90% for
patients with residual function. Following respiratory outcomes, BMI z-score and ability to perform activities
of daily living are also considered useful parameters in F508del-homozygous pediatric (“somewhat useful” to
“very useful” in 95% and 80% of respondents, respectively) and adult patients (“somewhat useful” to “very
useful” in 95% and 90% of respondents, respectively) and in patients with residual function (“somewhat
useful” to “very useful” in 86% and 80% of respondents, respectively). Bacterial colonization is deemed
somewhat to very helpful for 56-68% of respondents (highest percentage in young homozygous patients). Of
note, only exacerbations get close to 50% of opinions of high usefulness (very useful 41-51%). The same
parameters are deemed useful to monitor CFTRm therapy and in similar proportions, although growth
percentiles and Lung clearance index (LCI) are considered somewhat more important for youngF508del -
homozygous patients (Table 3). Lung imaging was also deemed useful in all groups for both initiation and
monitoring of therapy (68-75% somewhat/very useful). In addition, sweat chloride is considered somewhat
to very useful for about 75% of physicians in all groups of patients.

CFTRm use according to disease stage and selection of CFTRm indicated in same patient
group

Table 4 shows the distribution of responses on CFTRm use by disease stage and patient groups (percentage
of physicians who would consider use in all patients). Systematic use in asymptomatic patients would be
considered in 19, 27 and 17% of pediatric F508del homozygous, adult F508del homozygous and patients
with residual function mutations, respectively while 54 to 58% of respondents would evaluate CFTRm use
case by case (data not shown). Favorable opinion of use in all patients increases with severity of clinical
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. presentation with 53-56% positive responses for mild disease stage, 69-78% in case of fully expressed stable
disease and 90-92% for fully expressed disease with worsening symptoms. About half of respondents would
consider CFTRm in terminal disease stage in patients >12 years F508delhomozygous and RF while most
physicians would evaluate use case by case for non adherent patients (data not shown). Half of respondents
(51%) would choose to use tezacaftor/ivacaftor association to start CFTR modulator therapy in F508del
homozygous patients compared to 17% who would start with lumacaftor/ivacaftor. The main very important
reasons to start with lumacaftor/ivacaftor were clinical experience (60%) and safety profile (80%) while strong
motivation for starting with tezacaftor/ivacaftor was based on expectation of efficacy for 53% of health care
professionals. No significant center-effect or correlation between answers was found.

Discussion

Cystic fibrosis landscape is expected to change significantly over the next years. The place in CF therapy of
each CFTRm by indication is still to be fully understood, especially with regards to expected long term effects
and potential benefits of early intervention, in particular in very young patients. Physicians opinion will
predictably evolve as more real world data are being collected and with increasing experience. We undertook
this survey to see how clinical use of CFTRm changed over time with their increasing availability in Italy.
Ivacaftor and lumacaftor/ivacaftor were the only CFTRm available at the time of our study, the latter
available for F508del homozygous patients above 12 years of age at the time of the first survey conducted
in 2015, its indication extended to younger ages at the time of the 2018 survey. No drug was available for
patients with residual function mutations until 2018, however tezacaftor/ivacaftor phase III data on both
patients homozygous for F508del mutation and those carrying a residual function mutation had already
been published in the scientific literature. Considering that these new indications or extensions introduced
the use of CFTRm in new patient groups, we designed the questionnaire to explore physicians attitude in
F508delhomozygous patients aged 12 years and above as an historical group compared to younger F508del
homozygous patients and those with residual function mutations. Reaching out to all CF physicians was
facilitated by the centralization of care in CF centers evenly distributed on the national territory. Response
rate of 76% was satisfactory and similar to that of previous survey14, showing the willingness of Italian
health care professionals to share their experience and allowing to consider the outcome as representative of
the general opinion in Italy. Of note, most respondents had significant experience in the field of CF, with at
least 5 years of work in a CF center. A general overview of responses to the different questions shows that
traditional parameters such as lung function and nutrition status remain key evaluation criteria in relation to
initiation and monitoring of CFTRm in all groups and physicians expect to observe improvement, consistently
with clinical trial results. Nutritional status is considered a fundamental parameter in relation to initiation
of CFTRm across all the different patient groups and growth percentiles is considered a useful parameter to
monitor in pediatric patients. This is in line with literature data showing that improvement of nutritional
status is directly linked with increased survival in CF patients. With regard to pulmonary outcomes, it
should be underlined that more than FEV1, the number of exacerbations is considered particularly relevant
in all groups for both initiation and monitoring of therapy. This is consistent with the expected deleterious
effect of increasing number of exacerbations on FEV1 decline and survival. We also observed interest in
measuring exercise tolerance and patient related outcomes such as ability to conduct daily activities as
well as in tools that can help detect early manifestations of disease such as LCI and imaging. LCI was
deemed particularly relevant in the younger age group, with 36% of physicians who judged this test very
useful inF508del homozygous patients under 12 years of age. Imaging can also be useful in all patient
groups to identify early lung damage and as such, was viewed as useful by clinicians for initiation and
monitoring of CFTRm therapy. For follow up in particular, imaging can provide objective signs of the
effects of CFTRm on lung parenchyma. A few studies report CT scan parameters combined through a
scoring system as exploratory endpoints. In particular, reduction of mucus plugging, bronchiectasis15,16

and airway wall thickness17 were observed after one year of treatment with ivacaftor, while improvement of
bronchiectasis and air trapping were seen after 6 months of lumacaftor/ivacaftor treatment18. Limitations
related to cumulative exposure to ionizing radiation might be overcome by tools such as Magnetic Resonance
Imaging that look promising for closer monitoring of the effect of CFTRm19. Relatively little emphasis
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. was given to pancreatic function, but this is consistent with the start of CFTRm (at the time of conduct
of the survey) at an age deemed too old to expect great impact. Encouraging data on modification of
biological markers with younger age of CFTRm start raises some hopes on possibility of changing pancreas
exocrine function status with very early intervention with this class of drugs20. Sweat chloride measurement
was also mentioned as useful monitoring tool and it is likely used by physicians to estimate adherence.
When asked about treatment initiation according to clinical presentation and disease stage, health care
professionals provided similar responses in homozygous F508del patients under or over 12 years of age and
residual function patients as well, showing that severity/instability of disease prevails on this decision and
is not influenced by mutation type or age range. A relatively small proportion of physicians would treat
systematically asymptomatic patients with less than 20% for youngerF508del homozygous patients or those
with residual function mutations and somewhat more (27%) for F508del homozygous over 12 years of age.
Intention to initiate treatment increases considerably (over 50% in all groups) when patients show light
manifestations of disease. Further explorations of what is meant by light manifestations would be interesting
to understand biomarkers of interest to detect initial organ damage before symptoms occur. Willingness to
initiate CFTRm treatment reaches 69-78% in case of fully expressed disease and exceeds 90% in patients
with worsening disease. Interestingly, compared to survey conducted in 201513, intention to initiate CFTRm
treatment in F508del homozygous over 12 years of age increased by 8-11% in all severity categories and even
doubled for patients in terminal stage, showing increasing confidence of physicians with increasing experience
of CFTRm. Nevertheless, some concern on initiating CFTRm in asymptomatic pediatric patients actually
exists and this might be related to lack of long term experience of CFTRm in pediatric CF patients. This
is in contrast with general belief in early intervention which is at the basis of CF care with all efforts made
to intervene as soon as possible once diagnosis of disease is made, in order to warrant optimal long term
outcomes. Continued observation will help us understand the magnitude of long term impact of early use of
CFTRm. For now, simulation models can be used to predict long term effects, showing increased survival
up to 23.4 years in pediatric CF patients treated early with lumacaftor/ivacaftor21. Registry data will allow
documentation of effect of CFTRm on hard outcomes such as mortality and transplant, already shown for
ivacaftor22. Limitations of this study are inherent to surveys based on voluntary participation, however high
response rate allows to consider the sample as representative of the opinion in the Italian CF community.
Survey can be conducted quickly and can inform how health care professional opinion is formed as new tools
are made available and this could be of particular value in a rare disease field. We are not aware of any
other published survey similar to ours.

In conclusion, the introduction of CFTRm in the therapeutic armamentarium is progressively changing
treatment protocols in CF. Early intervention with drugs that act on the causal mechanism of disease have
the potential to change the progression of disease, stimulating some physicians to start treatment regardless
of symptoms. Our survey shows that CF HCPs have high expectations on CFTRm effectiveness. Pulmonary
exacerbations represent the most important outcome to consider in CF patient both for start a CFTRm and
as a monitoring parameter. This is consistent with the attitude of physicians to consider CFTRm treatment
according to disease stage, considering more severe disease or non stable disease as priorities. On the other
hand, there is increasing interest in parameters such as imaging and above all LCI as useful tools in order
to predict disease progression in asymptomatic and/or pediatric patients. It is arguable that with increased
experience with CFTRm and with new insight into the understanding of disease progression the attitude
towards early intervention could become more prominent. Treatment scenario is rapidly changing and will
call for revision of current guidelines.
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