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Abstract 

As CFTR modulator therapy transforms the landscape of cystic fibrosis (CF) care, its lack of uniform 

access across the globe combined with the shift towards a new standard of care creates unique 

challenges for the development of future CF therapies. The advancement of a full and promising CF 

therapeutics pipeline remains a necessary priority to ensure maximal clinical benefits for all people with 

CF. It is through collaboration across the global CF community that we can optimize the evaluation and 

approval process of new therapies. To this end, we must identify areas for which harmonization is 

lacking and for which efficiencies can be gained to promote ethical, feasible, and credible study designs 

amidst the changing CF care landscape. This article summarizes the counsel from core advisors across 

multiple international regions and clinical trial networks, developed during a one-day workshop in 

October 2019. The goal of the workshop was to identify, in consideration of the highly transitional era of 

CFTR modulator availability, the drug development areas for which global alignment is currently 

uncertain, and paths forward that will enable advancement of CF therapeutic development.    
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1. Introduction  

The cystic fibrosis (CF) community is experiencing transformative changes that will forever alter the 

landscape of care with the discovery and confirmation of clinically effective CF transmembrane 

conductance regulator (CFTR) modulator therapies potentially effective for approximately 90% of the CF 

population (1). Although tremendously promising, critical goals remain to identify disease modifying 

therapies for all, develop new therapeutics to address the remaining complications of a multifaceted 

disease and, equally as important, ensure the equitable access of these therapies to all individuals with 

CF worldwide. The CF therapeutics pipeline must remain strong now and in the future for these reasons, 

yet development strategies must accommodate a transitional era in which global access to modulator 

therapy is variable and dynamic. 

Successful development of CF therapies, including both disease modifying therapies and those targeting 

disease sequelae, will require global development pathways to secure necessary patient populations for 

satisfaction of regulatory requirements across continents. Questions now arise regarding the willingness 

of individuals to participate in clinical trials and how this might be impacted by modulator access, in 

addition to how therapeutic efficacy can be established across a heterogeneous population with this 

access. In parallel, experience suggests that we will face the ongoing challenge of designing studies to 

satisfy requirements for both marketing and reimbursement approval – requirements that vary across 

regulatory agencies globally. As of 2019, three clinical trial networks, including the CF Therapeutics 

Development Network (CF TDN), the European Cystic Fibrosis Society Clinical Trials Network (ECFS-CTN), 

and the CF Canada Accelerating Clinical Trials Network (CanACT) have harmonized their scientific 

protocol review processes for industry sponsors pursuing global development across these regions. This 

cooperative process offers one pathway for increased consultation with industry during the protocol 

development phase and prior to regulatory submission to ensure that protocols are acceptable to the CF 

community in this new era. 

Although the advancement of the CF therapeutic pipeline remains an important goal in the highly 

transitional era of modulator availability (Figure 1), cohesive global development strategies will need to 

satisfy multiple regulatory agencies while reducing duplicative efforts and overall burden on the CF 

population. To address these strategies, a group of clinical trial experts across multiple regions (United 

States, Europe, Canada, Australia) and representative  leadership from clinical trial networks (CF TDN, 

ECFS-CTN, and CanACT) gathered for a one-day workshop in October 2019 in conjunction with the North 

American CF meetings to identify the key drug development areas across select classes of CF chronic 
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therapies for which global alignment is currently uncertain, and to identify paths forward to progress 

therapeutic development. This work builds upon several ongoing and prior efforts of individual CF trial 

networks to advance the pipeline of new CF therapies (2-4). This paper outlines the key content 

discussed in this workshop with an executive summary provided in Table 1.   

Table 1.  Executive Summary of the Workshop to Support Global CF Therapeutic Development 

Key Priorities to Support Future Global CF Therapeutic Development Efforts  

 The future of CF drug development will depend on frequent and transparent 
communication between stakeholders across industry, academia, patient 
organizations, regulatory agencies, and community representatives to define 
pragmatic yet rigorous, clinically informative pathways for future drug approval.     

 CF clinical trial groups must take an increased role in providing industry sponsors data 
across multiple therapeutic development programs to support early development 
planning, including: 

o Contemporary assessments of the CF population targeted by a new therapy 
 Descriptions of relevant and, if applicable, competing standard of 

care (SOC) across geographic regions  
 Estimates of the size and composition of the target population(s) as 

supported by global registries 
o Input from the broader CF community on the willingness of providers and 

persons with CF to participate in future clinical trials  
  In particular for studies requiring periods of interrupted SOC 

o Input on the most relevant clinical endpoints to establish efficacy of the 
candidate therapy and how these endpoints are impacted by changing or 
differential SOC 

o Input on the clinically meaningful effect sizes both in the presence and 
absence of relevant SOC 

 Development of pragmatic, ethical and feasible regulatory packages of new candidate 
therapies should include: 

o Individual studies that will support the requirements of multiple regulatory 
agencies in order to efficiently utilize a population with an orphan disease 

o Study designs that minimize or avoid SOC interruption, with feasibility and 
safety of these studies supported by formal input from the CF community and 
available data on the clinical ramifications of SOC withdrawal 

o Sensitive biomarkers to support mechanism of action and dosing decisions 
o Clinical endpoints that can be measured over durations that align with 

feasible and ethical study designs 
o Expedient approaches to enable extrapolation of an initial approved 

indication to populations who can safely benefit from the new therapy, in 
particular for pediatric populations and those ineligible for current effective 
therapies 

o Innovative pathways for drug development in small sub-populations for 
whom traditional trial designs are not feasible 
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2. Paving the Way for the Development of New CFTR Modulators  

 

Just over a decade has passed from the initial clinical trials of ivacaftor, the first CFTR modulator 

monotherapy associated with substantial clinical benefit, to the recent Food and Drug Administration 

(FDA) approval of the CFTR modulator combination elexacaftor/tezacaftor/ivacaftor, also associated 

with substantial clinical benefit, for persons with CF with at least one F508del mutation. Approvals of 

other CFTR modulators, including lumacaftor/ivacaftor and tezacaftor/ivacaftor are on average 

associated with more modest clinical benefit in clinical trials(5), although  individual responsiveness is 

variable across all modulator therapies.  This recent milestone of the approval of 

elexacaftor/tezacaftor/ivacaftor is a critical one for the CF community, which could declare modulator 

development “completed” for eligible individuals or instead motivate continued development of 

additional modulators now that “proof of concept” for CFTR modulation has been definitively 

established. Without hesitation, the latter path has been strongly endorsed by the community for a 

multitude of reasons, including heterogeneity of individual response to current modulator therapy, lack 

of long-term safety data consistent with chronic lifetime use, and lack of global access related to high 

costs for public and private payers. Several early to mid-phase novel CFTR modulator development 

programs are currently underway (Figure 1). These programs face an unprecedented situation: the 

development of a novel, competing therapy with a highly effective standard of care alternative indicated 

for up to 90% of the CF population. Thus, as these development programs mature, this reality creates an 

opportunity to re-define and inform innovative, pragmatic, and ethical approval pathways.     

2.1  Regulatory Approval Pathways for Novel Compounds Targeting Mutations Already Eligible for 

CFTR Modulator Therapy Associated with Substantial Clinical Benefit 

When the target study population for a new modulator includes individuals with mutations already 

eligible for commercially approved modulators associated with substantial clinical benefit (including 

ivacaftor and elexacaftor/tezacaftor/ivacaftor), industry sponsors must decide whether to pursue 

development in those (a) indicated for approved modulators but who lack access, (b) with access to 

approved modulators, or (c) a combination of the two. In the case of (a), the population size is dynamic 

and lessening over time, and thus would most feasibly support early rather than late phase 



7 
 

development efforts. Further, ethical considerations arise when proposing early phase studies in 

populations who may face challenges gaining access to the new treatment after approval. Lack of access 

to current effective therapies could render these populations particularly vulnerable: eager to test new 

therapies that may not yet offer prospect of benefit in early phase development coupled with uncertain 

access to these therapies if approved. On the other hand, in the case of (b), strong ethical concerns arise 

when asking individuals to forgo treatment associated with substantial clinical benefit that is potentially 

life-extending for more than a brief period of time to assess the effectiveness of a new therapy that may 

have similar or even inferior effects. Sponsors will need to assess the willingness of this particular 

population to participate in such clinical trials and work with regulators to reduce the time interval of 

discontinuing effective treatments to the minimum required to understand the efficacy of the new 

treatment. Sponsors wanting or needing to study their drugs in both populations will likely require 

multiple trial designs, and ethical concerns for both populations will remain. However, it is highly likely 

that the later phase development of any future candidate modulator will necessitate the enrollment of 

participants who have already been chronically treated with CFTR modulators due to the growing size of 

this population and requirements for generalizability of study results.  

A global development strategy should account for the differential preferences of regional regulatory 

agencies on key study design parameters such as choice of comparator (active or placebo), duration and 

primary endpoint, as overviewed in Table 2 for two example regulatory agencies, the FDA and the 

European Medical Agency (EMA). Historically, differential requirements have necessitated the 

development of two distinctively different pivotal trial designs such as the case in anti-infectives (Table 

2). Ideally, a new precedent will allow for a development strategy utilizing studies that will satisfy 

multiple regulatory agencies, in parallel exercising flexibility in the pathway required to establish 

substantial evidence of efficacy as described in recent regulatory guidance(6). For the development of a 

new candidate modulator, a few viable (and likely feasible) pivotal study designs should be considered 

for subjects with current access to CFTR modulators associated with substantial clinical benefit including 

and most notably elexacaftor/tezacaftor/ivacaftor. In isolation, these designs admittedly fall short of the 

precedent set by prior six-month placebo-controlled trials evaluating both percent predicted forced 

expiratory volume in 1 second (ppFEV1) and pulmonary exacerbation endpoints for efficacy. However, in 

combination, they could constitute an adequate and robust application to regulators supporting both 

the short- and long-term efficacy and safety of a new candidate CFTR modulator (Table 3). Examples of 

studies contributing to such a pragmatically-focused application include: 
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(1) Short-term placebo-controlled trial followed by an open label (and expanded) long term safety 

study. Willingness of persons with access to CFTR modulator therapy to participate in a placebo-

controlled trial has been explored on a limited basis in individuals with CF taking ivacaftor, 

demonstrating a threshold for participation that favored studies one month or less(7). A recent 

trial of an early phase compound, GLPG1837 (a candidate CFTR potentiator) in G551D CF 

patients, predominantly enrolled those on chronic ivacaftor and included an approximately 

seven-day withdrawal period prior to initiation of the candidate therapy(8). This trial 

demonstrated feasible enrollment but an average 5% decline in ppFEV1 over this brief 

withdrawal period, recoverable after administration of the candidate therapy. Limited data are 

available on the safety of longer-term withdrawal of CFTR modulator therapy but are expected 

to be available in the ongoing 16-week trial of a potentiator compound VX-561 among those 

withdrawing ivacaftor (NCT03911713). The ultimate feasibility of future placebo-controlled 

trials, similar in nature to randomized withdrawal studies in this setting, will depend on more 

contemporary CF community input on the willingness to be randomized to placebo after 

elexacaftor/tezacaftor/ivacaftor, in addition to the accumulating safety data on the clinical 

impact of withdrawal. If feasible in a population with access to CFTR modulators associated with 

substantial clinical benefit, a short placebo-controlled trial can only rely on proximal efficacy 

endpoints such as pulmonary function and sweat chloride, necessitating additional studies to 

support the sustainability of short-term efficacy and longer-term safety. Participants in this 

short placebo-controlled trial would transition into a larger and longer term open-label safety 

study (Table 3), as the sample sizes required for the trial to establish efficacy would be relatively 

small (<120) – an advantage for minimizing the number of subjects exposed to placebo(4).     

(2) Active-comparator trial. A logical alternative to a placebo-controlled trial in populations with 

access to modulators is an active-comparator trial, although this design would be pragmatically 

modified for the setting of CFTR modulators. The active comparator tested against a candidate 

treatment would be the commercially approved standard of care modulator treatment; 

however, acquisition and blinding of the comparator (which would necessitate a modification of 

the commercial packaging and delivery) would be prohibitive for most sponsors from both a 

financial and legal perspective. It is likely that such an approach could only be realized by relying 

on prescription-based access to comparator therapy. Importantly, this would result in an open-

label, unblinded design which may be problematic for regulators. Further, participants in both 

treatment arms would presumably have access to the active comparator as eligibility for the 
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study would require ability to acquire this therapy through a prescription, promoting additional 

challenges to study design and potential confounding. Subjects who know they are receiving the 

new candidate test therapy could question its efficacy and choose to re-start their prescribed, 

known effective therapy at any time. These issues cannot be avoided but can be mitigated 

through careful education and limiting the duration of the study, as well as prioritizing 

objectively measured clinical endpoints and biomarkers including lung function and sweat 

chloride. Lastly, the candidate modulator will likely be hypothesized to be non-inferior to the 

active comparator, necessitating justification of a non-inferiority margin. Importantly, this 

margin has considerable flexibility in the context of a highly effective active comparator therapy 

when assessing total clinical benefit of the candidate therapy (Table 2). Subjects in this study 

would have the opportunity to participate in the long-term open label safety study for 

evaluation of sustained benefit in addition to safety.     

(3) Historical control group versus an active comparator. Within the rare disease setting, 

particularly when it is unethical to randomize participants to placebo, the use of historical 

controls in lieu of a placebo control has been used sparingly for regulatory approval with a key 

example provided in the setting of Pompe disease(9). The pooled data across the open label 

study arms noted above represents a tremendous opportunity to create a larger and longer 

active comparator arm that can be compared to a matched historical control group to derive 

long-term efficacy estimates on standardized clinical outcomes. Data both from patient 

registries and recently completed clinical trials provide potentially rich sources for the derivation 

of historical controls. Methodologic work is currently underway to articulate when this approach 

is appropriate and to assess approaches for bias minimization(10, 11), both of which are 

necessary components to support the use of historical controls in future regulatory packages.    

Importantly, these study designs do not constitute the only feasible and ethically acceptable options for 

the development of a new therapy from an existing effective modulator class. Rather, they are intended 

to illuminate via Table 3 a new potential paradigm for future discussion with regulators that is intended 

to satisfy multiple regulatory agencies and replace a more traditional longer duration, two pivotal 

confirmatory trials framework that appears to no longer be feasible. In parallel, equal attention must be 

directed towards the integration of endpoints and design elements into these regulatory-driven trials 

(when feasible) to create an efficient framework for health technology assessments (HTAs) which are 

necessary for providing regional access to new therapies once regulatory approval has been established.   
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2.2  Extrapolation Beyond the First Approval  

Extrapolation of an initial approved indication to a broader patient population remains a complex issue 

with differing regulatory approaches. With respect to CFTR modulators, of primary interest is the extent 

to which safety and efficacy data from trials in initially pursued indications can be extrapolated to 

younger patient populations (discussed in Section 4) and to those with rare mutations.  In particular, the 

FDA has established precedent and new regulatory guidance with the expansion of the ivacaftor label to 

include additional rare mutations based on in vitro assay data demonstrating increased chloride ion 

transport across cells in response to ivacaftor(12). This pragmatic approach has not been uniformly 

adopted across all regulatory agencies, for example as evidenced by varying requirements to provide 

clinical efficacy data in additional mutations under consideration for expansion of the ivacaftor label.  

Obtaining this clinical efficacy data is not without difficulty and while approaches such as n-of-1 designs 

can be considered, the data from these studies must be cautiously interpreted(13). In critical efforts to 

expand indications of approved therapies to broader populations who may benefit(2, 14, 15), previous 

reviews describe approaches to identify the optimal methodology upon which extrapolation should be 

based and proposed strategy for expanding the use of extrapolation(2, 14, 15).   

2.3  Novel Compounds Targeting Rare Mutations  

Despite a therapeutics pipeline offering prospect of disease modifying therapies for the remaining 10-

15% of the CF population ineligible for CFTR modulator therapy (Figure 1), there is currently no example 

pathway for the approval of a new, disease-modifying, first-in-class therapy for populations with rare 

mutations. There are approximately 1000 CFTR variants known to cause disease, but with fewer than 

five individuals with the mutation globally(14); non-traditional trial designs and new criteria for efficacy 

data sufficient for approval will be necessary to bring therapies to those with rare mutations. A new and 

novel regulatory pathway has been proposed as part of a European HORIZON2020 project in 

collaboration with the European Cystic Fibrosis Society Clinical Trials Network (ECFS-CTN) which begins 

by predicting benefit of a candidate modulator drug at an individual level using one of multiple 

preclinical model systems. Depending on their response, individuals with rare CFTR mutations exceeding 

an a priori response to candidate modulators tested using their own biological materials could then 

progress to an n-of-1 trial, a basket trial or be granted early access to CFTR modulator treatment(14). 

This pathway not only offers a potential path for regulatory approval for specific mutations, but also 

represents a precision-based therapy approach towards personalized CF medicine. This approach is 
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already underway through the HIT-CF research project in Europe (https://www.hitcf.org/) which has 

garnered support and participation from several industry sponsors.   

 

3. Ensuring and Advancing the Development of New Symptomatic Therapies  

 

CF drug development challenges differ for CFTR modulators compared to those therapeutic classes that 

target “downstream consequences” of CFTR dysfunction, including airway obstruction, infection, and 

inflammation (collectively referred to here as “symptomatic” therapies). Previously, CF drug 

development guidance from two influential regulatory agencies, the FDA and EMA, has lacked 

harmonization and alignment on trial and data requirements for product registration for symptomatic 

therapies (Table 2). The precedent set by past inhaled antimicrobial development programs, for which 

multiple pivotal trial designs were executed by sponsors to meet preferences of different regulatory 

agencies, may no longer be a viable approach as CFTR modulator therapy and more effective 

symptomatic therapies are adopted as standards of care. Although there is anticipation that modulator 

initiation in infancy will delay or inhibit progression to complications targeted by symptomatic therapies, 

for individuals with CF who already have or will develop bronchiectasis, chronic airway infection, and 

inflammation, the need for new and more effective symptomatic CF therapies will remain. In an era 

where regional diversity of access to effective therapies will exist, sponsors and regulators will need to 

consider the ethics of trial designs that withhold available effective treatments from study subjects 

and/or study populations with little hope of access to effective treatments after approval. As a result, 

regulators may be more amenable towards greater biomarker use for assessment of efficacy and active 

(unblinded) comparator designs to meet data preferences across regulatory agencies (Table 2).  

Future symptomatic CF therapy development efforts will likely be influenced by regional differences in 

CFTR modulator availability: CF populations without access will have the greatest medical need for these 

therapies and thus their study in these populations will be essential. However, sponsors will need and 

want to demonstrate that their new therapies are also effective as CFTR modulator adjuncts in 

anticipation of increased global access. Two of the more challenging development areas are in the 

setting of anti-infectives and anti-inflammatories and were prioritized for discussion in the workshop.      

While the development of  mucolytics are equally as important, the development strategy for these 

therapies - which relies on placebo-controlled trials and pulmonary function endpoints to establish 

https://www.hitcf.org/
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clinical efficacy – is likely to remain  relatively consistent even during a changing landscape of standard 

of care therapy.      

3.1 Anti-infective Therapies for Chronic Airway Infection  

Chronic airway infection is a hallmark disease manifestation of CF, representing a key therapeutic target. 

Both scientific discovery and drug development have often focused on a relatively small number of 

“keystone” pathogens, but less common pathogens and a more complex microbiota are increasingly 

appreciated. Drug development efforts are perhaps most matured for P. aeruginosa, which is closely 

linked with clinical decline and for which drug development has been most successful to date(16-20).  

This success has resulted in multiple therapeutic options for the treatment of chronic P. aeruginosa, and 

subsequently prompts a great need to adapt the development approach for future candidate therapies 

competing with a complex landscape of standard of care.   

Regional differences in current standard of care. Inhaled antibiotics are a recognized standard of care 

around the world, but regional availability and preferences for specific drugs differ(21, 22). Some are 

used continuously while others are cycled on and off, typically every 4 weeks. Increasingly, two inhaled 

drugs are cycled in a continuous fashion to avoid periods without antibiotic use (i.e. continuous 

alternating therapy [CAT]). Such differences in preferred antibiotics and patterns of administration have 

important implications when considering where and how to test new candidate therapies, particularly as 

the efficacy of evolving standard of care has not been quantified in prospective trials(23). A single, 

efficient drug development plan that applies to the diverse, global CF population while satisfying 

multiple regulatory agencies is a worthy ideal. For inhaled antibiotics, this proposed approach is 

challenging and will require skillful planning with sponsors, regulatory agencies, and those conducting or 

participating in trials. 

Anticipated impact of CFTR modulator therapy. Increasing yet variable access to CFTR modulator 

therapy associated with substantial clinical efficacy also complicates antimicrobial drug development. 

These drugs, while not directly antimicrobial, clearly alter the airway environment and have overlapping 

effects on key outcome measures(24-27). Sustained improvement in ppFEV1 has generally been the 

primary outcome measure for clinical trials of inhaled antibiotics and is often supported by additional 

data showing a reduced risk of acute pulmonary exacerbation or reduced respiratory symptoms. 

Elexacaftor/tezacaftor/ivacaftor most recently has been shown to dramatically improve ppFEV1 while 

reducing respiratory symptoms and the risk of exacerbation (28, 29). Programs developing new 
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antimicrobial therapies must anticipate these and other changes in clinical standards that may impact 

their trials. In study populations using elexacaftor/tezacaftor/ivacaftor for instance, demonstrating 

further reduction in the rate of pulmonary exacerbation may be difficult, and it is unclear how well 

inhaled antibiotics may perform in assessment of respiratory symptoms or even lung function when 

tested in modulator-treated populations. Spontaneous sputum expectoration is often more difficult 

after initiation of CFTR modulators deemed more highly effective clinically and mechanistically, making 

demonstration of antimicrobial effects an additional challenge(30). Induction procedures will likely be 

necessary, and research to develop alternative methods to reliably measure airway infection in all age 

groups, either qualitatively or quantitatively, should be prioritized. As transformative therapies emerge 

and global access improves, morbidity will decline, and greater priority may be placed on perceived 

burden or complexity of daily care(31). While uncertain, it is believed that patients may prioritize 

characteristics such as dosing frequency, portability, storage requirements, and administration time.  

Study design considerations. Similar to other therapeutic classes, recruiting to antimicrobial trials with 

lengthy placebo-controlled periods will be difficult. For many, available clinical care options for inhaled 

antibiotics have reduced or eliminated the antibiotic-free cycled periods available in the past to test new 

antimicrobial drugs(3). Even with CFTR modulators as established standard of care, relatively few 

individuals with CF or their care providers may be comfortable reducing from continuous inhaled 

antibiotics or continuous alternating therapy in those who remain infected with P. aeruginosa. It is 

conceivable to add new antibiotics on top of existing drugs, but this may lead to complicated, 

burdensome trial requirements that will not appeal to those considering overall treatment burden. 

Table 2 outlines some alternative approaches to antimicrobial study design that may be feasible and 

informative. Alternatives to previously used, large-scale designs must be considered if new therapies are 

to be developed, and a combination of studies may be needed to provide an acceptable level of 

evidence (Table 3). 

There is also an important role for advancing outcome measures. For antimicrobial drugs in particular, 

the utility of multiple breath washout/lung clearance index (LCI) as an outcome measure in such studies 

is poorly understood but deserves focused study(32, 33). Revised definitions for pulmonary 

exacerbation and ways to measure quality of life gains in a healthier population are also needed—

particularly for larger pivotal trials(34). CF clinicians and investigators generally agree that these trials 

should include substantial numbers of participants who reflect the intended patient population for drug 

marketing and clinical use. It is critical to consider the needs of those without access to CFTR modulators 
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and ensure that they are included in antimicrobial drug development plans. Such populations may have 

the most to gain from symptomatic therapies, and sensitive outcome measures that are effective in 

modulator-treated groups for detecting treatment effects are likely to also work in those awaiting 

access to these modulators. 

3.2 Anti-inflammatory Therapies  

CF is characterized by dysregulated airway inflammation with both exaggerated innate response and 

defective downregulation once initiated(35). Inflammation directly damages the airways primarily 

through the action of proteases, leading to bronchiectasis and progressive loss of lung function, which is 

the most common cause of premature death in individuals with CF(36). For this reason, targeting lung 

inflammation has long been recognized as a potentially beneficial CF management strategy(37). It has 

been more than twenty five years since long-term placebo-controlled trials of prednisone(35) and 

ibuprofen(38, 39) were begun, yet despite both drugs demonstrating proof of concept evidence of 

benefit on lung function, and more recently evidence for a survival benefit with ibuprofen(40) , no anti-

inflammatory therapy for CF has gained regulatory approval (Table 2). Industry sponsors interested in 

anti-inflammatories for CF face many challenges regarding suitable drug candidates, biomarkers, and 

study design issues related to efficacy endpoints(41).   

Host inflammatory pathways are quite extensive and redundant, choosing where to act in the pathways, 

and choosing either a broad-spectrum or targeted agent, has proven difficult. Unlike infection in the CF 

lung, where eliminating the burden of bacteria is the goal, some inflammation is required, just not too 

much. A planned 600 patient international trial of an LTB4 receptor antagonist was stopped early due to 

pulmonary-related serious adverse events in the active arm(37), presumably related to over-suppressing 

inflammation. It is easy to state that sponsors should employ biomarkers of inflammation in early phase 

studies to obtain evidence that their drug candidate reduces inflammation, sufficiently but not 

excessively.  Unfortunately, the identification of many candidate inflammatory biomarkers (42) has not 

elucidated the magnitude of biomarker change that may be associated with “clinically meaningful” 

treatment effects.     

Mechanistic and operational arguments can be made for use of free neutrophil elastase concentration in 

induced or expectorated sputum as a primary biomarker of lung inflammation, as higher levels are 

associated with a greater subsequent lung function decline as well as with the development of 

bronchiectasis (43-46). Importantly, this relationship remains associative, without proven causality.  
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Further, treatment-associated reduction of CF airway inflammation should also be accompanied by 

consistent (directional) changes across more than one inflammatory biomarker. Movement of any single 

biomarker without changes in others should probably be viewed with skepticism. Furthermore, as noted 

above in the era of new and more effective CFTR modulators, spontaneously produced and even 

induced sputum may be more difficult to acquire for measurement of sputum biomarkers of 

inflammation as early phase trial endpoints. 

A limited number of clinical endpoints have been employed to demonstrate efficacy of chronic CF 

respiratory therapies: primarily improvements in FEV1, weight, and quality of life and reduction in the 

rate or risk of pulmonary exacerbation (47). Most pivotal trials of approved CF drugs have not exceeded 

six months duration. During the design of the early prednisone and ibuprofen trials, four-year study 

durations were chosen to assess change in lung function over an extended time period, in part because 

an acute improvement in FEV1 was not expected to occur with anti-inflammatory therapy, and also 

because studies employing rate of FEV1 decline as an efficacy endpoint require at least 18-month 

duration to detect differences in decline rate change, regardless of sample size(48). Although slowing 

FEV1 decline is predictive of long-term survival in CF and may be a more meaningful endpoint than 

sustained FEV1 improvement, studies with durations exceeding a year are impractical in an era of ever-

expanding therapies in CF. Demonstration of exacerbation  rate or risk change also require longer trial 

durations than for sustained FEV1 improvement, but still less than those of FEV1 decline trials, and 

appear favored by current drug developers of anti-inflammatory drugs for CF (Table 2). Lack of a near-

term clinical endpoint increases the importance of inflammatory biomarkers as endpoints in earlier 

clinical trials, although there is also some question as to whether observation of meaningful 

inflammatory biomarker changes also requires extended observation periods(49). 

As noted in previous sections, increasing CFTR modulator access will affect future anti-inflammatory 

therapeutic development. To the extent that populations with modulator access experience reduced 

rates of lung function decline, exacerbation risk and incidence, together with improved quality of life 

(50), anti-inflammatory trials employing these efficacy endpoints in modulator-treated populations will 

require larger sample sizes and/or longer durations to demonstrate efficacy. 

4. Considerations for Pursuing Development in Pediatric Populations  

 

Pediatric drug development for an orphan disease requires global cooperation. Achieving this goal 

depends on alignment between regulatory agencies and sponsors with regard to pediatric development 
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plans which outline pharmacokinetic, safety and efficacy outcomes. Pediatric drug development has 

complexities beyond those of adult programs, based on the additional regulatory and ethical 

requirements for pediatric programs. For example, in the United States (US), because children are 

considered a vulnerable population, in order to conduct research in pediatric patients, the study must 

not involve greater than minimal risk or, alternatively, offer the prospect of direct benefit (51). 

Additionally, once benefit has been definitively established, typically based on data in adults with the 

same condition, efficacy may be extrapolated (52). The EMA has not relied on extrapolation in the same 

way, and generally requires an assessment of efficacy in pediatric studies. Safety may not be 

extrapolated under either FDA or EMA regulations. 

For drugs intended to treat a disease or condition that exists in the pediatric population, the FDA and 

EMA each require the sponsor to submit a pediatric development plan while the development program 

in the adult population is ongoing, however with unique differences (Table 4). For an orphan indication 

such as CF, the FDA requirement for conducting studies in the pediatric population is waived. 

Nevertheless, sponsors may have incentives, e.g., extended market exclusivity, to conduct pediatric 

studies but there is no specific mandated timeframe(53). On the other hand, the EMA requires a 

sponsor to submit a binding Pediatric Investigational Plan (PIP) at the end of phase 1, but amendments 

can be made through phases 2 and 3 based on the availability of new data and clinical trial experience.  

The differences in timing of proposal and review of pediatric studies across regulatory agencies can thus 

pose a challenge when developing a global program (54, 55). Communication between regulatory 

agencies around pediatric drug development issues exists through monthly discussions among the US, 

European, Japanese, Canadian, and Australian regulatory authorities although common review of global 

pediatric study plans is not mandated. It is unclear if these discussions have the potential to improve 

timing and alignment around pediatric plans so that study protocols can meet all the necessary goals. 

Coordination of the plans would facilitate timely study completion in an ethical fashion with the 

ultimate goal of providing safe and efficacious therapy to children with CF. 

Although efficacy endpoints may not always be required by the FDA for pediatric approval (Table 4), 

specific efficacy assessments may be important to consider since the natural history of CF affects some 

organ systems differently early in life and highly effective therapies may hold the potential for 

prevention or reversibility of the loss of function, an example being restoration of pancreatic exocrine 

function with ivacaftor(56, 57). Beyond the requirements for efficacy data by the EMA, specific efficacy 

assessments may be of substantial value in a Health Technology Assessment (HTA) to secure funding 
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from healthcare systems after approval. Pulmonary efficacy measures are challenging in this age group 

as children may not be able to perform spirometry reliably and many of those who can have values in 

the normal range. LCI derived from non-effort-dependent multiple breath washout has been 

standardized across trials networks(58), and confirmed as both feasible and sensitive as a trial outcome 

measure in younger age groups (58, 59). As the pulmonary health of the CF population in general 

improves on CFTR modulators, LCI may be an outcome measure with utility across a broader age range. 

Pediatric study designs will largely depend on the requirements to establish safety only or both efficacy 

and safety. Placebo-controlled trials may be desirable not only to establish efficacy but, in some cases, 

to determine whether safety signals or improvements in organ dysfunction are related to the underlying 

disease process or related to adverse or beneficial effects of the investigational agent. However, when 

the standard of care has established the use of a specific class of therapy, stopping such therapy in the 

pediatric age group may not be ethical, unlike the case for adults who are able to assess the potential 

risk of being allocated to placebo given sufficient information.  

Once a therapy has been adopted into standard of care, the importance of long-term safety monitoring 

is heightened in pediatric populations who may need a highly effective therapy throughout their lifetime 

spanning developmental periods (such as those related to growth, organ development and puberty) 

which are not relevant for adults. The responsibility and structure/organization for how this monitoring 

is accomplished is not clear at this time but may be fulfilled through efforts to enhance global registries 

poised to capture longitudinal outcomes across the CF population.  

5. Conclusion 

While the successes are celebrated with the remarkable discovery and availability of breakthrough CFTR 

modulator therapy, clearly more work needs to be done. The CF community is committed to supporting 

the advancement of a full and promising global therapeutics pipeline aimed at addressing the ongoing 

needs for people with CF. This workshop provided an initial step towards future extended collaborations 

with sponsors, regulators, and patient organizations in identifying areas for which harmonization is 

lacking and for which efficiencies can be gained to promote ethical, feasible, and credible study designs 

amidst the changing landscape of CF care.  The ability to promote alignment across national and regional 

regulatory agencies, and even more to address the challenges for reimbursement of approved but very 

expensive therapies, is still limited (1, 2). Progress in this area will require multiple interventions, such as 

providing successful examples of and fostering more collaborative work across agencies, along with 
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honest discussion about existing barriers and a better understanding of the similarities and differences 

each region faces to provide access to new therapies.  
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Figure 1 – CF Therapeutics Drug Pipeline.  Reproduced with permission of the US Cystic Fibrosis 

Foundation, Bethesda, Maryland. Copyright © March 18, 2020 by the US Cystic Fibrosis Foundation. 

The pipeline includes any new therapies that are either being funded by the Cystic Fibrosis 

Foundation ($US2 million or more in support) or being tested by clinical trials in the Cystic Fibrosis 

Foundation Therapeutics Development Network. Therapies at the end of phase 3 completion or 

indicated as available to patients represent status within the United States, which may notably differ 

from global access and availability.    

 

  

https://www.cff.org/Research/Developing-New-Treatments/Drug-Development-Pipeline-101/How-Drugs-Get-on-the-Pipeline/
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Table 2 – Comparison of Select Regulator Preferences Based on Precedent-Setting Late Phase Development Programs and Key Considerations 

to Ensure Successful Future Development Programs as CFTR Modulator Therapy is More Broadly Transitioned into SOC 

Past and Current Regulatory Pathways Future Pathways 

 

Preferred Pivotal Trial Design1 Label Expansion Approach Key Considerations to Ensure Success for 
Future Global Development Programs 
within the Context of Standard of Care 

Modulator Therapy 
Comparator 

& Hypothesis Blinding Primary Endpoint Duration 
Pediatric 

Development 
Novel Approval 

mechanisms 

CFTR Modulator Therapies  

EMA Placebo-
controlled;  
Superiority 
Hypothesis  

Blinded Difference in 
ppFEV1 change 

6 months Placebo controlled 
study required; 
Difference in LCI 
change from 
baseline primary 
efficacy endpoint 

No current precedent  Feasibility and, if applicable, duration of 
future placebo-controlled trials once SOC 
modulator therapy is established must be 
determined and accepted by regulators.  
Design will be based on contemporary and 
ongoing evidence both from survey efforts 
to assess the willingness of individuals with 
CF to withdraw from modulator therapy 
and from safety data from ongoing trials 
including periods of withdrawal of 
modulator therapy.    

 Open-label, prescription-based active-
comparator trials may be a necessary 
component for establishing the efficacy of 
new modulators once SOC modulator 
therapy is established. Non-inferiority 
margins in this context must be carefully 
considered in relation to total clinical 
benefit rather than simply comparability 
to the active comparator. 

 Use of historical controls from reliable data 
sources may become a necessary 
augmentation to future development plans 
to bolster efficacy data in the absence of 
longer-term placebo-controlled trials.   

 Sufficiency of a robust ppFEV1 response 
supported by clear MOA will be a necessary 

FDA Placebo-
controlled;  
Superiority 
Hypothesis 

Blinded Difference in 
ppFEV1 change from 
baseline 
(insufficient if 
lacking a robust 
response, which 
may lead to request 
for PEx efficacy 
endpoint) 

28 days to 6 
months 

Safety but not 
efficacy required 
for pediatric 
approval 

Approval for rare 
mutations based on in 
vitro data contingent 
on prior regulatory 
approval for other 
populations for which 
clear efficacy and 
safety demonstrated 
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path to fulfill efficacy criteria as currently 
defined PEx endpoints will be difficult to 
assess in populations receiving CFTR 
modulator therapy associated with 
substantial clinical benefit due to lower 
event rates and resulting increased sample 
size requirements. 

 A streamlined pathway for label expansion 
for rare mutations including the use of in 
vitro data will be essential for ensuring 
access for all who will benefit.    

Anti-Infective Therapies for Chronic Airway Infection  

EMA Standard of 
Care Active-
Comparator; 
Non-
inferiority 
hypothesis 

Open 
Label 

Difference in 
ppFEV1 change from 
baseline 

6 months PIP required 
including 
establishment of 
efficacy in 
pediatrics 

NA  Increased efforts to establish meaningful 
non-inferiority margins using 
contemporary data and decreasing the 
risk of bio-creep (ineffectiveness of the 
SOC active comparator over time) will be 
essential for broader acceptance of active-
comparator designs across global 
regulatory agencies. 

 Monitoring for a reduction in the 
prevalence of chronic anti-infective use 
across the growing population on CFTR 
modulators will be important to evaluate 
the feasibility of placebo-controlled trials 
across the globe. 

 Acceptance of short-term placebo-
controlled pivotal trials (approx. 1 month) 
demonstrating robust efficacy and MOA 
represents an essential opportunity to 
advance new chronic anti-infectives in 
populations unable to withhold chronic 
inhaled antibiotics for longer durations for 
a placebo-control. 

 Sufficiency of a robust clinically 
meaningful ppFEV1 response supported by 
clear MOA may be a necessary path to 

FDA Placebo-
controlled; 
Superiority 
Hypothesis 

Blinded Time to PEx or need 
for antibiotics, 
Difference in 
ppFEV1 change from 
baseline alone not 
generally  sufficient 

3-6 months 
(ppFEV1 
change 
endpoint 
may be 
measured 
earlier) 

Safety but not 
efficacy data 
required for 
pediatric approval 

NA 
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fulfill efficacy criteria as currently defined 
PEx endpoints will be difficult to assess in 
populations receiving CFTR modulator 
therapy associated with substantial 
clinical benefit due to lower event rates 
and resulting increased sample size 
requirements. 

Anti-Inflammatory Therapies2  

EMA Placebo-
controlled;  
Superiority 
Hypothesis 

Blinded PEx rate (PEx using 
a standardized 
definition)  

6 months-1 
year 

Unknown NA  A critical understanding of the changing 
symptomatology of PEx in the presence of 
CFTR modulators will be necessary to 
define relevant and clinically meaningful 
respiratory events coinciding with clinical 
worsening to serve as sensitive endpoints 
for these trials, as currently defined PEx 
endpoints may be diminishing in 
populations receiving CFTR modulator 
therapy associated with substantial 
clinical benefit (resulting in unfeasible 
sample size requirements for trials using 
PEx as an endpoint).   

FDA Placebo-
controlled;  
Superiority 
Hypothesis 

Blinded PEx rate (PEx using 
a standardized 
definition) 

6 months- 1 
year 

Unknown NA 

1Pivotal trials for initial indication or CF patient population.  
2No regulatory approved anti-inflammatory therapies, extrapolated based on current phase 2b trial designs. 
FDA:  Food and Drug Administration, EMA: European Medical Agency; NA, not applicable; ppFEV1, percent predicted forced expiratory volume in 

1 sec; Abx, antibiotic;; LCI, lung clearance index; MOA, mechanism of action; SOC, standard of care; PEx, pulmonary exacerbation; PIP, pediatric 

investigation plan 
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Table 3 – Example of a Future Study Design Package for a New CFTR Modulator to Address Global Requirements for Efficacy and Safety  

 Example Studies Contributing to a Comprehensive Package  

Study Design Attributes 

Short Placebo-
Controlled 

Trial  
(2 weeks –  
<1 mos.) 

Open-Label, 
Prescription Reliant 
Active Comparator1 

Trial (3- 6 mos.) 

Open-label 
Active Arm 

Safety Study2  
(1 year) 

Retrospective  Study: 
Historical Control vs. 

Pooled Active Arms across 
Studies 

(6 mos.-1 year) 
Combined Attributes from 

All Studies 

Comparator Group √ √  - √ √ 

Blinded Treatment Arms  √ - - - √ 

Superiority Hypothesis √ - - √ √ 

Non-Inferiority Hypothesis - √ - - √ 

Clinical Efficacy Evaluation √ √ - √ √ 

Short term  √ √ - - √ 

Long term  - ?1 - √ √ 

FEV1 √ √ - √ √ 

PEx - - - √3 √ 

Safety Evaluation √ √ √ - √ 

Short term  √ √ √ - √ 

Long term  - ?1 √ - √ 

FEV1= forced expiratory volume in one second, PEx= pulmonary exacerbation 
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1Duration of the active-comparator dependent on feasibility of reliance on prescription-based therapy, as well as a duration that mitigates risk of 

confounding due to access by both treatment arms to study drug.  Duration of the trial will drive ability of the study to address long term efficacy 

and safety.    
2Open label safety study would be a follow-on study for participants in the placebo and active-controlled trial, in addition to a free-standing 

study to enroll additional participants and increase the size of the safety database. 
3Assessment of a pulmonary exacerbation-related endpoint dependent on availability of a consistent definition across databases.    
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Table 4 – Overview of Regional Pediatric Development Regulations 

Agency Pharmacokinetic 
Testing for 

Dosing 

Requirement 
for an 

Appropriate 
Pediatric 

Formulation 

Safety 
Endpoints 

Efficacy 
Endpoints 

Extrapolation Pediatric 
Plan 

EMA Yes Yes Yes Usually 
required 

Not routinely 
acceptable 

End of 
phase 1, 
amended 
as needed 

FDA Yes Yes Yes Not required, if 
extrapolation 
supports 
efficacy 

Yes End of 
phase 21 

1To the FDA within 60 days of the end-of-phase 2 meeting or no later than 210 days before planned new drug application (NDA) submission, but 

not mandatory for orphan drug development programs. 

FDA=Food and Drug Administration, EMA=European Medical Agency 

 

 


