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Abstract

Background—We recognize an unprecedented opportunity to study the effects of withdrawing 

one or more chronic treatments in people with CF (PwCF) who benefit greatly from CFTR 

modulator therapy, but feasibility and acceptance of such a study within the community is 

unknown.

Methods—We surveyed PwCF, their families, and their acquaintances between November 16, 

2018, and December 2, 2018, and CF clinicians between December 19, 2018, and January 2, 2019, 

about treatment withdrawal research. We sought feedback from these groups about their level of 

interest in this research, the consistency with which they were taking modulator and non-

modulator treatments, the ways in which they conceptualized health changes, and what chronic 

non-modulator treatments they were most interested in stopping. We also asked for stakeholder 

perspectives on the design of a treatment withdrawal trial, but we intend to report these 

perspectives elsewhere.

Results—Eighty percent (541/675) of CF community respondents and 95% (206/218) of CF 

clinicians said that a trial of treatment simplification should be performed in the context of highly 

effective modulator therapy. Most current CFTR modulator users (292/359, 81%) have not stopped 

another chronic treatment. Worsening lung function by spirometry or increased daily symptoms 

were important health indicators. PwCF, their families, and/or their acquaintances ranked airway 

clearance techniques and inhaled antibiotics as the most burdensome treatments.
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Conclusions—There is considerable support among the CF community and CF clinicians in the 

U.S. for controlled trials to assess the safety and impact of treatment simplification in patients 

taking highly effective modulator therapy.

Introduction

Drugs that effectively increase functioning of the cystic fibrosis transmembrane conductance 

regulator (CFTR) protein have revolutionized the treatment and anticipated health outcomes 

of many people with cystic fibrosis (PwCF). Collectively known as CFTR modulators, 

ivacaftor (IVA), lumacaftor/ivacaftor (LUM/IVA), and tezacaftor/ivacaftor (TEZ/IVA) 

improve lung function, reduce pulmonary exacerbation (PEx) risk, and alleviate respiratory 

symptoms of CF lung disease [1–3]. As evidence of a systemic biological effect, these drugs 

can reduce sweat chloride levels towards the normal range in some individuals. Researchers 

have reported other health benefits of CFTR modulators. In those with the G551D-CFTR 

mutation treated with IVA, Pseudomonas aeruginosa (P. aeruginosa) airway infection 

appears to lessen and even resolve in some individuals [4, 5]. IVA use has also been 

associated with weight gain, higher hemoglobin levels, better glycemic control, and less 

frequent need for antibiotics [4, 6–9].

Pivotal clinical trials of elexacaftor (VX-445) combined with TEZ/IVA [10, 11] have 

ushered in an era of CFTR modulator therapy that promises to yield results similar to or 

possibly better than IVA monotherapy. Importantly, elexacaftor plus TEZ/IVA was effective 

in those with one or two copies of the most common CFTR mutation, F508del; thus, it could 

become available for ≥ 90% of PwCF based on CFTR mutation profile. Although studies 

must still be done to understand the safety, tolerability, and efficacy of modulator therapy in 

young children and to determine the appropriate age for these treatments to begin, the 

introduction of highly effective and clinically beneficial modulator therapy for most PwCF 

could represent a landmark shift in clinical practice.

In light of the aforementioned progress toward normalizing the health of PwCF by restoring 

CFTR activity, the need for treatments that have been recommended for years [12, 13], 

including bronchodilators, mucolytic agents, chest physiotherapy, macrolides, and nebulized 

antibiotics, is being questioned. It is widely understood that: 1) even the most effective 

modulators do not fully normalize CFTR activity; 2) numerous PwCF have permanent 

structural lung damage resulting in physiologic impairment; and 3) individuals may 

experience more or less than average benefits reported in clinical trials. Notwithstanding 

these realities, many PwCF who take modulator therapy may find that the benefits of 

traditional strategies for symptom management are difficult to judge.

The pragmatic question raised by widespread adoption of modulator therapy is whether 

some fraction of PwCF will be able to abandon one or more burdensome treatments without 

incurring untoward health effects. Nebulized medications and chest physiotherapy are 

particularly time-consuming for PwCF [14, 15]. High treatment complexity tends to 

undermine quality of life and adherence and increases the potential for drug-related side 

effects [16–18]. If PwCF enjoy salubrious effects of modulator therapy, patients, families, 

and care teams will have an opportunity to reconsider the value proposition of existing 
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therapies. Nonetheless, it is incumbent upon the CF care community to understand the 

potential health risks of simplifying treatment regimens for the sake of reducing the burden 

of daily care.

Here, we present data from surveys of PwCF, families of PwCF, and CF clinicians designed 

to learn their perspectives on clinical research testing whether or not it is safe to withdraw 

one or more chronic treatments in the setting of highly effective modulator therapy. When 

applicable in our questionnaires, we used the perceived benefits typically associated with 

IVA monotherapy in people with the G551D-CFTR mutation as a benchmark to describe 

highly effective modulator therapy. We requested feedback about acceptability of several 

study design considerations. These findings will inform a future prospective clinical trial 

testing the impact of simplifying treatment regimens in PwCF who benefit from modulator 

therapy. Survey responses may also help CF clinical and research communities understand 

similarities and differences of opinion held by these representative groups. One message is 

clear from the results: this research is timely, of high priority, and if performed 

systematically, will provide data that are important to most patients and providers.

Methods

Focus Groups

We began with the goal of designing a survey about treatment simplification research for 

PwCF and their families and caregivers (hereafter, referred to as “community”) that was 

accessible and responsive to their priorities. The CF Foundation’s Community Partnerships 

team convened a virtual Community Voice (CV) focus group in September 2018 that 

included the investigators, two adults with CF, a parent of a child with CF, and CV 

facilitators.

Community Survey

Incorporating feedback from the focus group, we devised and refined a twenty question 

web-based survey using SurveyMonkey® about treatment simplification. Survey content is 

provided as an online supplement. The survey link was distributed via email and social 

media to members of the CF community, including members of CV. We asked respondents 

to share basic demographic information and their attitudes about treatment simplification 

research in the context of highly effective modulator therapy. We petitioned them to rank the 

importance of potential outcomes of a treatment simplification trial. We inquired about their 

level of interest in stopping specific chronic treatments as part of a study. Access to the 

survey link was not restricted to CV members. A unique respondent could take the survey 

only once. The community survey was available between November 16, 2018, and 

December 2, 2018. We provide a flow chart explaining survey distribution to and response 

rates from community members as supplementary material.

Clinician Survey

We designed a similar web-based electronic survey using SurveyMonkey® for CF care 

providers (hereafter, referred to as “clinicians”). Survey content is provided as an online 

supplement. We distributed the survey to 250 CF care center and/or program directors 
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affiliated with the CF Foundation’s Therapeutics Development Network (TDN). The survey 

obtained basic demographic information and asked whether withdrawal of non-modulator 

treatments should be studied in a background of highly effective modulator therapy. We 

asked clinicians about their level of interest in contributing to this kind of trial and which 

treatments should be prioritized for withdrawal. Clinicians could share the survey link, but a 

unique respondent could take the survey only once. The clinician survey was available 

between December 19, 2018, and January 2, 2019. We provide a flow chart explaining 

survey distribution to and response rates from clinicians as supplementary material.

Regulatory Approval

The Institutional Review Board (IRB) of Seattle Children’s Research Institute approved the 

patient and community survey on 10/23/2018 and the clinician survey on 12/4/2018. The 

IRB registration number was 00001508.

Results

Survey Completion

We collected 812 surveys from the community, 117 of which came from CV and 695 of 

which came from outside CV. The response rate through CV was 15%. There were 667 

completed surveys available for analysis. PwCF, parents of PwCF, and other acquaintances 

of PwCF generated 37% (247/667), 56% (371/667), and 7% (49/667) of completed surveys, 

respectively. The ages of PwCF who responded to the survey and those about whom parents, 

family members, or other acquaintances commented are listed in Table 1. We received 218 

completed surveys from clinicians between December 19, 2018, and January 2, 2019. Most 

(185/218, 85%) clinician respondents were pulmonologists. Of the 121 clinicians who 

reported that they exclusively care for children with CF, 98 (81%) said that ≥ 25% of their 

professional effort focused on CF. Of the 81 clinicians who reported that they exclusively 

care for adults with CF, 65 (80%) said that ≥ 25% of their professional effort focused on CF.

Interest in CF treatment simplification research

Eighty percent (541/675) of the community and 94% (206/218) of the physicians completing 

the survey stated that treatment simplification should be studied in the context of highly 

effective modulator therapy. Similar proportions of PwCF (204/247, 83%) and parents of 

PwCF (294/371, 79%) and of adult (75/81, 93%) and pediatric (117/121, 97%) clinicians 

shared this sentiment. Very few PwCF (16/247, 6%), parents of PwCF (21/371, 6%), and 

clinicians (3/218, 1%) said that treatment simplification research should not be done.

Adherence to non-modulator therapies

Three hundred fifty-nine community members, all of whom recorded personal use of a 

modulator or use of a modulator by their acquaintance with CF, responded to a question 

asking whether they had reduced or stopped taking any chronic medication other than a 

modulator. Of these 359 respondents, 60 (17%) answered affirmatively. Clinicians offered 

similar estimates of the proportions of their modulator-treated patients they thought had 

stopped one or more chronic treatments. Clinician estimates of non-modulator treatment 

reduction and/or discontinuation by their patients are presented in Table 2.
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Goals of CF treatment simplification research

Most clinicians (206/215, 96%) and community members (533/632, 84%) felt that it would 

be important or very important for a study to determine whether “it is okay to stop other 

daily treatments” in the context of highly effective modulator therapy. Similar proportions of 

community members (505/633, 80%) and clinicians (162/215, 75%) felt that reducing the 

cost of CF treatments would be an important or very important primary goal of a treatment 

simplification study. Reduction of time and effort devoted to treatments was ranked as an 

important or very important study outcome by 572/631 (91%) of community respondents 

and 190/215 (88%) of clinicians.

Treatment candidates for withdrawal in a controlled trial

Community members ranked airway clearance techniques (ACT) and inhaled ABX as the 

most burdensome treatments (Fig. 1). Of the 586 community members who responded to a 

question about interest in stopping ACT for a study, 340 (58%) were very interested and 179 

(30%) were somewhat interested. Of the 278 community members who answered a question 

about interest in stopping inhaled ABX for a study, 161 (58%) were very interested and 90 

(32%) were somewhat interested. Clinicians were very interested in enrolling PwCF in a 

trial testing the effects of stopping inhaled hypertonic saline (140/215, 65%) and/or dornase 

alfa (136/215, 63%).

Relative value of health indicators to research stakeholders

To understand the extent to which community members and clinicians valued certain health 

indicators when assessing the impact of treatment withdrawal, we asked these groups to 

assign a level of importance to each of six potential alterations in well-being. Of the 613 

community members who offered an opinion about increased daily symptom burden, 546 

(89%) thought that this was very or extremely helpful as an indicator of health deterioration 

(Fig. 2). Many community members (485/609, 80%) also believed that a drop in lung 

function was evidence of health deterioration. Clinicians ranked a drop in lung function 

(210/215, 98%) and increased daily symptom burden (212/215, 99%) as important or very 

important health indicators (Fig. 3). A higher proportion of clinicians (144/215, 67%) than 

community members (229/610, 38%) thought that the need to take more antibiotics to treat a 

chest infection (i.e., pulmonary exacerbation) was an extremely helpful health indicator.

Discussion

Herein, we have summarized input collected from the CF community and clinicians who 

care for PwCF in the U.S. about their level of interest in collaborating to study the effects of 

treatment withdrawal in the promising context of highly effective modulator therapy. Several 

important messages have emerged from these survey data.

First, widespread support exists in the U.S. for the conduct of prospective clinical trials 

designed to test the central hypothesis of whether PwCF whose health improves greatly from 

modulator therapy can safely discontinue one or more burdensome chronic therapies. This 

observation resonates with high global interest in developing strategies to reduce treatment 

burden for PwCF [19, 20], which is encouraging to see as we work to design and implement 
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a timely and informative clinical trial of treatment simplification. We have heard from 

PwCF, their families, and CF clinicians in the U.S. that a decline in lung function and/or 

increased daily symptoms are warning signs of health deterioration. This will help to select 

appropriate outcome measures for a treatment withdrawal study conducted in the U.S.

Second, the CF community was somewhat keener than CF clinicians in the U.S. were to 

explore the effects of stopping time- and energy-consuming therapies, like ACT and inhaled 

antibiotics. Consistent with this perspective, community members were somewhat more 

likely than clinicians to prioritize reduction of time and effort devoted to treatments and 

treatment cost, although both groups recognized the importance of these goals. Inhaled 

mucolytic agents like dornase alfa and HS are favorable candidates based on widespread use, 

perceived burden, and overlapping effects (i.e. mucociliary clearance) with those observed 

for modulator therapy. The heterogeneity of ACT interventions and perceived importance of 

inhaled antibiotics for a subset of PwCF infected by P. aeruginosa [12] may challenge 

withdrawal studies testing these therapies, despite a recognized burden of care. Nonetheless, 

community input prioritizing ACT and inhaled antibiotics in this research context should be 

recognized going forward.

A third message from the survey data also addresses the feasibility of investigating treatment 

withdrawal. We learned that despite fostering high interest in such studies, most PwCF 

(>80%) currently taking modulators have not yet curtailed their use of non-modulator 

therapies and that clinicians’ estimates of this phenomenon occurring in their patients were 

comparable (Table 2). Using a survey to ask about treatment adherence, like we have done 

here, can introduce one or more biases to the responses, but identifying similitude between 

what the community and clinicians said about sustained use of non-modulator therapies 

bolsters our confidence about enrolling PwCF in a treatment withdrawal study.

We acknowledge several limitations of our work. The opinions voiced by American patients, 

families, and clinicians about treatment simplification research in CF may or may not be 

congruent with those held by individuals from other countries. This is an important 

realization because PwCF and clinicians residing outside the U.S. might approach treatment 

simplification research differently. For example, our surveys of stakeholders identified 

worsening of daily symptoms and a drop in lung function as helpful indicators of health 

deterioration, which from the standpoint of our study design deliberations, meant that these 

were logical outcome measures. Stakeholders in other parts of the world place considerable 

emphasis on changes in computed tomography (CT) of the chest as evidence of respiratory 

health status, which might inform their selection of this test as a primary outcome measure 

in treatment simplification research. We did not include chest CT scan as a choice in our 

surveys, so we cannot exclude the possibility that some of our respondents would have 

prioritized it higher than worsening of daily symptoms and/or a drop in lung function as 

helpful indicators of health deterioration. Nonetheless, we consider our findings informative 

and not necessarily prescriptive of how research in this field should proceed.

Our two surveys resulted in just under 900 completed responses from the U.S. CF patient/

family and clinician provider communities. Seventy-five percent of these were from people 

with CF or their family members. This is the largest number of individual surveys collected 
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on this topic in the U.S. and, to our knowledge, in the world. That said, our surveys were 

disseminated electronically to 725 CF clinicians and over 100,000 potential members of the 

CF patient/family community. Some may interpret our response rate as poor, although we 

are pleased with the number of completed surveys and grateful to the hundreds of 

individuals who provided their input on this important topic. It is possible that those not 

responding to this survey have different opinions, but we are unaware of any data suggesting 

that there is low interest in the U.S. to determine whether or not it is appropriate to withdraw 

chronic therapies in people with much improved health after starting CFTR modulator 

therapy. Continued discussion of this topic with as many stakeholders as possible will be 

important as we and others advance this field of study.

It is exciting and inspiring to members of this investigatory group that such immense 

progress has been made in the CF field. This now enables us to contemplate the design and 

conduct of a clinical trial of non-modulator treatment withdrawal. However, we appreciate 

the need to approach this kind of study with equipoise, ensuring that participants are 

monitored closely for objective and/or subjective evidence of clinical deterioration while 

they are without one or more non-modulator treatments. We may also need to balance 

concerns of safety and generalizability when determining the population eligible for 

withdrawal trials. Given that modulator therapy is likely to become available, albeit by 

degrees, to PwCF around the world, it would be prudent for the global CF research 

community to discuss elements of study design in order to optimize resource allocation and 

promote the generalizability of lessons learned. We recognize that the survey data presented 

here encompasses an American CF experience and are hopeful that the responses gathered 

will allow us to design the first large study of treatment withdrawal in the era of highly 

effective modulator therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Stakeholders in the U.S. CF community support treatment simplification 

research.

• Most modulator-treated people with CF in the U.S. have not stopped other 

therapies.

• Airway clearance and inhaled antibiotics are burdensome to the U.S. CF 

community.

• U.S. CF clinicians want to study withdrawal of hypertonic saline and dornase 

alfa.

• Lung function and symptoms are useful health indicators to U.S. CF 

stakeholders.
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Fig. 1. 
Proportions of CF community members in the United States that ranked six chronic 

treatments with respect to perceived burden.
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Fig. 2. 
Proportions of CF community respondents in the United States who ranked six 

contingencies with respect to how helpful they are as indicators of health deterioration.
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Fig. 3. 
Proportions of CF clinicians in the United States who ranked six contingencies with respect 

to how helpful they are as indicators of health deterioration in people with CF (PwCF).
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Table 1.

Age of people with CF (PwCF) who responded to the survey and of those about whom family members and 

acquaintances commented in the survey.

Age (years) PwCF n (%) Parent n (%) n(%) Other n (%)

<2 — 23 (6.2) 0 (0) 2 (6.7)

2–5 — 84 (22.6) 2 (10.5) 8 (26.7)

6–11 — 111 (29.9) 7 (36.8) 4 (13.3)

12–17 — 87 (23.5) 3 (15.8) 4 (13.3)

18–24 38 (15.4) 46 (12.4) 5 (26.3) 6 (20.0)

25–34 85 (34.4)

35–44 59 (23.9)

45–54 37 (15.0) 20 (5.4)* 2 (10.5)* 6 (20.0)*

55–64 16 (6.5)

≥65 12 (4.9)

Total 247 (100.0) 371 (100.0) 19 (100.0) 30 (100.0)

*
The highest selection for age range of PwCF about whom family members and acquaintances responded was “25 or older.”
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Table 2.

Estimates from CF Clinicians of the proportions of their modulator-treated patients that have reduced and/or 

discontinued any other chronic treatment.

Discontinued Other Treatments? IVA n (%) LUM/IVA n (%) TEZ/IVA n (%)

Yes, <25% of patients 61 (29) 67 (33) 53 (28)

Yes, 25–50% of patients 39 (19) 7 (3) 7 (3.5)

Yes, >50% of patients 18 (9) 3 (1) 1 (0.5)

No 52 (25) 91 (45) 89 (47)

Do not know 38 (18) 36 (18) 40 (21)

Total clinician respondents 208 (100) 204 (100) 190 (100)

IVA = ivacaftor; LUM/IVA = lumacaftor/ivacaftor; TEZ/IVA = tezacaftor/ivacaftor.
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