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University and Children’s Hospital of Richmond at VCU, Richmond, VA

Abstract

The advent of CFTR modulators, a genomic specific medication, revolutionized the treatment of 

CF for many patients. However, given that these therapeutics were only developed for specific 

CFTR mutations, not all people with CF have access to such disease-modifying drugs. Racial 

and ethnic minority groups are less likely to have CFTR mutations that are approved for CFTR 

modulators. This exclusion has the potential to widen existing health disparities.
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Introduction

Racial and ethnic minorities make up a growing proportion of patients with cystic fibrosis 

(CF), currently accounting for 18% of all people in the CF Foundation patient registry.1 

The advent of cystic fibrosis transmembrane conductance regulator (CFTR) modulators, 

genomic-specific medications that target the malfunctioning protein made by the CFTR 
gene, has revolutionized the treatment of CF for many patients. However, CFTR therapeutics 

are mutation-specific, and racial and ethnic minority groups are less likely to have CFTR 
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mutations targeted by CFTR modulators. This constraint of access to disease-modifying 

CFTR therapies can widen existing health inequities in CF. This review examines the 

cautionary tale of the disparities that can result from precision medicine when some 

population groups are left out of the advancements in therapeutics.

Socioeconomic, racial, and ethnic disparities in CF outcomes

The introduction of CFTR modulator therapy is superimposed upon a backdrop of 

significant heterogeneity of CF disease outcomes that is caused not only by genetic 

variability but also by disparities in social determinants of health, including those associated 

with socioeconomic status, race, and ethnicity2. Studies over the last 25 years have clearly 

demonstrated large decrements in lung function, growth, and survival in CF patients with 

low socioeconomic position as indicated by insurance status (in the U.S.)3,4, educational 

status, family income5, and parental occupation (in the U.K.)6 in all countries where it has 

been examined, primarily the U.S. and the U.K.

In the U.S., several studies have shown that racial and ethnic minorities have increased 

morbidity and mortality from CF compared to non-Hispanic White patients, even when 

controlling for socioeconomic status. These patients are more likely to be missed on genetic 

panels and state newborn screening and be diagnosed later.7–10 Hispanic people with CF in 

the U.S. have an increased risk of mortality compared to non-Hispanic White people and 

die at an earlier age.11–13 Black people with CF also have an increased risk of mortality 

compared to non-Hispanic White people.13 One study of risk factors for mortality before age 

18 years found increased risk for both non-White versus White subjects and for a combined 

“minority” group compared to non-Hispanic White subjects.14 Both Hispanic and Black 

people with CF have lower pulmonary function compared to non-Hispanic White people 

with CF.10,15–17 Hispanic people with CF are at increased risk of acquiring pulmonary 

infections compared to non-Hispanic White people with CF and acquire infections at an 

earlier age.18,19 Notably, disparities in CF outcomes by Hispanic ethnicity occur despite 

higher BMI and a larger proportion of residual function pancreatic sufficient CFTR 
mutations in the Hispanic population.20 Differences in morbidity or mortality have not yet 

been investigated specifically in Asian, Pacific Islander, Native American, or Native Alaskan 

people with CF in the U.S., and we are aware of no studies of ethnic and racial disparities in 

CF outcomes outside of the U.S..

There are some differences in the distribution of CFTR mutations by race and ethnicity 

(described in more detail below), and as a result, newborns who are not non-Hispanic White 

are more likely to be missed on state newborn screening for CF, delaying diagnosis and 

potentially impairing outcomes, especially growth.7,9,10 It is essential to recognize that racial 

and ethnic disparities in health, CF-related and otherwise, are largely attributable to unequal 

social conditions and deeply rooted structural inequalities.21–23 For example, both Black 

and Hispanic people with CF reside in neighborhoods with lower median household income 

and have higher Medicaid coverage than non-Hispanic white counterparts.24 Understanding 

the racial/ethnic disparities in CF also requires careful consideration of the effects of 

psychosocial factors, health literacy and acculturation, and stress and racism. For example, 
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African American and Hispanic patients report worse emotional and social functioning after 

controlling for disease severity and socioeconomic position.25

On a global level, there are great disparities in CF disease outcomes, including growth 

and nutrition, lung function, quality of life, and life expectancy, attributable to regional 

wealth. For example, the median age of survival of patients with CF in different countries 

is closely tied to those countries’ gross domestic product or stage of industrialization; while 

life expectancy in Canada, the USA, and European Union (EU) countries is in the mid-40s 

or above, it is half of that in some Latin American countries, and even less in some countries 

of the former Soviet Union.26

CFTR modulators

The over 2,000 CFTR mutations discovered27 have been classified based on the functional 

impact of the mutation: Class I mutations have decreased biosynthesis of protein, Class II 

mutations have decreased mature protein due to impaired trafficking, Class III mutations 

have defective CFTR gating regulation, Class IV mutations have defective chloride 

conductance, and Class V mutations have decreased CFTR transcription.28 CFTR mutation 

classes I-III are considered severe, with minimal function, and result in classic CF disease. 

CFTR mutation classes IV-V are considered less severe, with residual function, and can 

result in milder CF disease.

Prior to 2012, all CF therapeutics were genomic-neutral and prescribed based on disease 

characteristics, such as pulmonary function or a specific infection. The treatment of CF 

entered a new era on January 31, 2012, with the U.S. FDA approval of ivacaftor, the 

first CFTR modulator drug. Ivacaftor potentiates the CFTR channel, increasing chloride 

conductance and thereby correcting fluid balance across the airway apical cell membrane. 

This was the first therapeutic agent that targeted the cause of CF rather than its symptoms.

Ivacaftor was first approved for only one CFTR mutation, G551D, a class III (gating) 

mutation that represents approximately 4% of patients with CF in the United States and 

3–6% of those from Northern Europe, depending upon country of origin. The clinical 

trial of ivacaftor showed dramatic improvement in patients with a copy of G551D: 

increased pulmonary function, weight gain, reduced sweat chloride concentration, improved 

respiratory symptoms, and fewer pulmonary exacerbations.29 From case reports and other 

clinical trials, however, it quickly became apparent that ivacaftor would benefit patients with 

additional CFTR mutations that are functionally similar to the G551D.30–34 Consequently, 

FDA approval for ivacaftor was expanded to cover other class III CFTR mutations as well 

as R117H, a class IV CFTR mutation. Nevertheless, only a relatively small percentage of 

people with CF had the mutations that qualified them to receive this disease-altering drug.

Over the years, new CFTR therapeutics – the CFTR correctors lumacaftor, tezacaftor, and 

elexacaftor – were developed to target class II CFTR mutation classes found in the majority 

of people with CF. CFTR correctors chaperone the mutated CFTR protein in folding and 

trafficking to increase the number of CFTR in the basement membrane. CFTR correctors 

are effective only when their function is augmented by potentiators such as ivacaftor. 

Lumacaftor/ivacaftor, approved for clinical use in the U.S. in July 2015, was the first CFTR 
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corrector for people with two copies of F508del, the most common CFTR mutation.35 In 

February 2018, the U.S. FDA approved tezacaftor/ivacaftor for people with two copies of 

F508del or one copy of F508del and one copy of CFTR mutations associated with residual 

function. The triple therapy elexacaftor/tezacaftor/ivacaftor was first approved by the FDA 

in October 2019 for people 12 years and older with one copy of F508del, later expanded to 

177 other CFTR mutations and, in June 2021, approved for children 6–11 years of age.

Not all CFTR therapies have had the dramatic disease-altering results as ivacaftor had with 

G551D. Lung function improved only slightly with lumacaftor/ivacaftor36,37 and tezacaftor/

ivacaftor;38–40 although the two drugs also seemed to stabilize disease course, and reduced 

exacerbation frequency.36,38,41 In contrast, elexacaftor/tezacaftor/ivacaftor produced more 

impressive results, with improved lung function and sweat chloride concentration42 similar 

to ivacaftor in G551D. Thus, lumacaftor/ivacaftor and tezacaftor/ivacaftor are considered 

low-efficacy CFTR modulators, whereas ivacaftor and elexacaftor/tezacaftor/ivacaftor are 

highly effective CFTR modulators that are expected to markedly improve the lifespan of 

people with CF. As approval of CFTR modulators is based on CFTR genetic mutations, 

access to these drugs is not equal across all people with CF. Approximately 90% of CF 

patients in the United States have a mutation that is correctable by a CFTR modulator. For 

the rest, high-efficacy CFTR therapy leading to improved disease course is not an option.

CFTR mutations by country of origin, race and ethnicity

CF occurs across the world and in people of all races and ethnicities.43,44 It is thought 

that F508del and a few other, common mutations originated between 11,000 and 34,000 

years ago in a population genetically different from any present-day European group, and 

subsequently spread to different areas of Europe and beyond. The incidence of the disease 

as well as the frequency of the most common mutations probably reflect ancient migratory 

and demographic expansion processes, and possibly a selective advantage of heterozygous 

carriers. Some mutations seem to have been subject to founder and genetic drift events, thus 

explaining regional heterogeneity.45 Thus, the variation in CFTR mutation frequency and 

type is not uniform within racial or ethnic groups; rather, it is dependent on an individual 

person’s ancestry admixture.7,9,46 F508del has a frequency of about 70% in across central, 

northern, western, and northeastern Europe, but the regional frequency varies from 100% in 

the Faroe Islands of Denmark to 20% in Turkey. The CFTR mutation profile in sub-Saharan 

Africans has revealed a common African mutation, 3120+1G→A, which is found on about 

46% of the CFTR alleles in people diagnosed with CF from that region. That mutation is 

also the second most common one found in African-Americans with CF.47 The prevalence 

of F508del in Latin America varies substantially by country, reflecting the ancestral makeup 

of the population: nearly 60% in Argentina and Uruguay, around 40% in Brazil, Chile, 

Colombia, Mexico, and Venezuela, and lowest (20–30%) in Puerto Rico, Cuba, Ecuador, and 

Costa Rica. There is only a 10% prevalence in people with CF in the Dominican Republic.48 

People with CF in Costa Rica have a higher prevalence of the Class 1 mutation G542X 

than of F508del.45 Similarly, the F508del mutation is found to a varying degree in different 

Middle Eastern populations; in particular, Ashkenazi Jews in Israel have a high prevalence 

of Class 1 mutations such as W1282X, and other population subsets from that region exhibit 

a variety of indigenous mutations. Finally, in Asia, where the overall prevalence of CF 
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appears to be low, the frequency of F508del is as high as 60% in Pakistani CF patients, but 

closer to 20% in those from India and 10% of those in Japan.47

In the United States, almost 75% of non-Hispanic White people with CF have Class I-III 

mutations, compared to approximately 50% of Black, Hispanic, and people of other races 

with CF.49 Approximately 25% of Black, Hispanic, and people of other races with CF have 

unclassified CFTR mutations, compared to only 11% of non-Hispanic White people with 

CF.49 Only 3% of non-Hispanic White people with CF do not have two identified CFTR 
mutations; in contrast, 8–10% of Black, Hispanic, and people of other races with CF have at 

least one CFTR mutation that is not identified.49

It is important to note that these differences in allele frequency mean that non-Hispanic 

White newborns with CF are more likely to be missed on state newborn screening for 

CF.50 It is therefore important to consider the impact of newborn screening methodologies 

to prevent embedding health disparities into public health programs such as state newborn 

screening for CF. These children who are missed on the newborn screen are diagnosed later 

and at risk of experiencing significant malnutrition and pulmonary damage at the time of 

diagnosis. These same children are at higher risk of not qualifying for CFTR modulator 

therapy, augmenting their risk for poor outcomes.

Access to CFTR modulators in racial and ethnic minority groups

Due to the racial and ethnic differences in CFTR mutation frequency, there are large 

disparities in access to the tremendous therapeutic advances provided by treatment with 

CFTR modulators. While over 90% of non-Hispanic White people with CF in the U.S. have 

CFTR mutations that qualify for a CFTR modulator, only 70% of American Black, 75% 

of Hispanic, and 80% of other racial minorities with CF have qualifying mutations.49 This 

inability to take advantage of CFTR modulators is likely to exacerbate pre-existing racial 

and ethnic disparities in CF outcomes such as pulmonary function and somatic growth.

The disparities in CFTR modulator use are not attributable solely to racial/ethnic differences 

in CFTR mutations. Even among people with a copy of G551D, uptake of ivacaftor has been 

found to be significantly lower in American adults from other races or ethnicity compared 

to non-Hispanic White adults.51 A similar evaluation of prescription of lumacaftor-ivacaftor 

did not differentiate by race or ethnicity but did find higher rates of CFTR modulator 

prescription to patients with private insurance and previous clinical trial participation, and 

racial and ethnic minorities in the US are less likely to be in either of those groups.52 The 

cause or causes of this difference is unclear. Providers may be more reluctant to prescribe 

CFTR modulators to racial/ethnic minorities because few clinical trials of CFTR modulators 

provided data on race/ethnicity, and the study population was predominantly non-Hispanic 

White.53 Differential prescription of CFTR modulators by race and ethnicity may also be 

indicative of implicit bias as reported for prescription of other medications in the general 

population.54–57

On the other hand, the disparity in CFTR modulator use may also be attributable to patient 

attitude towards this new medication class. For example, in U.S. adults with Type 1 diabetes, 

patients from racial and ethnic minority backgrounds were more likely to worry about drug 
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side effects and be reluctant to add new medications.58 But even if not actively opposed to 

starting a new medication, minority patients may have a lesser tendency to advocate for or 

seek out prescriptions for the new medications, which may be easier for those with a higher 

sense of empowerment. Thus, for example, in a previous study of the use of chronic CF 

medications, the only medication that was less likely to be prescribed to patients on public 

assistance compared to those with private insurance was azithromycin, which at the time was 

a relatively new addition to the therapeutic armamentarium that was slowly being adopted 

and whose role was just being established at the time.59 Similarly, a recent evaluation of 

the impact of a quality improvement program focused on improving the consistency of 

treatment of pulmonary exacerbations showed that the intervention had a differential impact 

on patients of lower socioeconomic class, again possibly due to this group’s lower sense 

of empowerment in advocating for treatment for their children.60 Thus, lower confidence 

in their interactions with healthcare providers, which may be due to prior experiences of 

discrimination or due to lower levels of health literacy, or other competing needs (such as 

housing or food insecurity) which limit patients’ and families’ ability to focus on specific 

healthcare needs may reduce the likelihood that they will be prescribed effective medications 

by busy practitioners who may be inconsistent in their treatment approach.

Access to CFTR modulators across the world

Despite the dramatic benefit of the new highly effective CFTR modulators, access to them 

is restricted to higher-resource countries due to their record-breaking cost, which could be 

more than $15 million over the life of an individual and $2 billion yearly for all people with 

CF in the United States alone.61–64 As a result, only 11 countries and the European Union 

have approved at least one CFTR modulator, and only 9 countries and the European Union 

have approved all four modulators (Table 1);65,66 not all countries have approved modulator 

use for all eligible CFTR mutations.

Unequal access to CFTR modulators across the world will increase the already stark 

disparities in CF morbidity and mortality between countries.44 Notably, the countries with 

approval of CFTR modulators have a predominantly White Western European population. 

People with CF in Eastern Europe, Asia, Africa, or most of South America have no access to 

CFTR modulators.

Inclusion/exclusion of minorities in CF clinical trials

Very few pharmacology clinical trials in CF included patients who are racial/ethnic 

minorities.53 From 1999 to 2015, 80% of all CF pharmacology clinical trials did not even 

describe the race and/or ethnicity of the subjects. Some FDA-approved CF medications 

did not report race or ethnicity for any of the subjects. Of the 20% of clinical trials that 

described race and ethnicity, minority patients were included at lower proportions than 

reported in the U.S. CF Foundation Patient Registry. When reported, nearly all of the 

subjects in CF pharmacology clinical trials were non-Hispanic White, and a quarter of the 

trials included only non-Hispanic White subjects.

The same was true for clinical trials of CFTR modulators (Figure 1). Of 9 of the 23 

manuscripts reporting results from ivacaftor clinical trials that even reported race and 
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ethnicity, two manuscripts had 100% non-Hispanic White subjects,67,68 five had 97–98% 

non-Hispanic White subjects,29,69–72 one had 71% non-Hispanic White subjects,31 and one 

had 57% non-=Hispanic White subjects.73 Three of the four lumacaftor/ivacaftor studies 

that reported on race included 97–100% White subjects,74–76 The one tezacaftor/ivacaftor 

clinical trial that reported the subjects’ race, included 99% White subjects;77 none of the 

studies reported on ethnicity;38–40,78–81. The one of seven elexacaftor/tezacaftor/ivacaftor 

clinical trial manuscripts that reported subject race and ethnicity42,82–86 had 90% White 

subjects.87 Two of the manuscripts described the subjects’ race and ethnicity after inquiries 

in Letters to the Editor.88,89

Although part of the reason for the low participation of minority patients in CFTR modulator 

trials is the relatively lower prevalence of qualifying CFTR mutations for these drugs, This is 

not the full explanation, as racial/ethnic minority patients are under-included in clinical trials 

even after accounting for the relative prevalence of genetic mutations.53 Despite the common 

belief that low participation of minorities in CF clinical trials is based upon choice, it has 

been shown in the general population that minorities who are actually asked to participate 

in clinical trials have the same or higher rate of consenting to participate as non-Hispanic 

White patients.90 Rather, the explanation may lie in differential access to CF clinical trials, 

racial/ethnic diversity of CF centers selected for clinical trials, or racial and ethnic bias 

in recruitment by study coordinators. Lack of inclusion of Hispanic patients may also be 

related to lack of translated material or interpreter availability. Significant efforts should be 

devoted not only to recruit subjects that reflect the actual diversity of the CF population, 

but also to recruit enough subjects from racial/ethnic minority backgrounds so differences in 

adverse events, drug metabolism, or therapeutic benefit could be detected.

Exclusion of racial/ethnic minority groups from clinical trials is not limited to CF. It is a 

widespread issue that necessitated a U.S. Federal Law requiring that minority groups are 

included in NIH-funded research.91 Unfortunately, these inclusion criteria have not been 

adopted by the pharmaceutical industry or the CF Foundation, which sponsors the majority 

of CF clinical trials in North America. Additionally, despite recent guidelines,92 many 

medical journals have not yet developed standards that require the reporting of subjects’ race 

and ethnicity for all clinical trials.

The lack of inclusion of racial/ethnic minorities in clinical trials of CFTR modulators has 

many implications. Due to under-representation, it is not known if there are differences 

in adverse events, drug metabolism, or therapeutic response in people with CF from racial/

ethnic minority background. Racial and ethnic minorities with CF may have concerns about 

the drugs’ safety and side effects, declining to take them when offered. People with CF from 

racial and ethnic minority backgrounds may also lack knowledge about CFTR modulators, 

leading to decreased use in these groups.

Expansion of CFTR modulators to rare and novel mutations

To achieve equitable access to CFTR modulators for racial and ethnic minorities with 

CF, these therapeutics’ efficacy needs to be tested for rare or de novo CFTR mutations. 

Many efficacy studies of CFTR modulators were designed as traditional clinical trials, with 

one group receiving the treatment and a comparison group receiving placebo. Such study 
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designs are not possible when testing the efficacy of therapeutics for CFTR mutations that 

occur in a small number of people, or possibly even in a single person. N-of-1 clinical 

trial designs have been used in people with rare CFTR mutations to test the efficacy to 

CFTR modulators.31,67,93 In N-of-1 clinical trials, an individual receives both placebo and a 

treatment, with a washout period in between, sometimes with multiple crossover events. In 

addition to testing CFTR modulator efficacy directly in human subjects, studies have used a 

variety of patient-derived cell lines, including rectal organoids93–97 and respiratory epithelial 

cells,31,98–100 to investigate individual response to CFTR modulators. In an unique move, 

the FDA expanded approval of CFTR modulators to rare CFTR mutations based on in vitro 
data alone, without clinical data.101 Unfortunately, many rare mutations still have not been 

tested, leaving racial and ethnic minorities without access to modulator therapy.

Tobacco smoke exposure and CFTR modulator efficacy

The benefit from CFTR modulators may be substantially less in people exposed to 

environmental tobacco smoke. A retrospective longitudinal analysis of data from the 

CF Foundation Patient Registry showed that tezacaftor/ivacaftor initiation showed that 

tezacaftor/ivacaftor users who were smoke-exposed had a lower baseline lung function 

and experienced a steeper lung function decline102. Over two years, the difference in 

ppFEV1 by smoke exposure among tezacaftor/ivacaftor users increased by 1.2% (7.6% to 

8.8%, p<0.001). In both mixed and fixed effects regression models, tezacaftor/ivacaftor 

use was associated with improved ppFEV1 among unexposed individuals (1.2% and 

1.7%, respectively; p<0.001 for both) but provided no benefit among smoke-exposed 

counterparts (0.3%, p=0.5 and 0.6%, p=0.07, respectively). These epidemiologic findings 

corroborate evidence from animal models and human studies that tobacco smoke exposure 

reduces CFTR functional expression,103–106 likely through inhibiting anion transport by 

the CFTR.107–112 The study results suggest that exposure to smoke may contribute to the 

observed heterogeneity of benefit from CFTR modulators, nullifying the effect of marginally 

effective therapies and reducing the benefit of the highly effective ones.113,114

The significance of these findings stem from the fact that approximately 20–30% of 

adults in the U.S. and E.U. use combustible tobacco products (varying by country) and 

usage is highest among those with lower educational status and household income.115,116 

Remarkably, the prevalence of tobacco use among parents of children with CF seems to 

be fairly similar to that of the general population.117,118 The differential effect of CFTR 

drugs in smoke-exposed people with CF may exacerbate existing socioeconomic and racial 

and ethnic inequities in CF outcomes. Therefore, strategies and interventions to eliminate 

smoke exposure in CF households are critically needed for optimizing the effect of CFTR 

modulators, especially among racial/ethnic minorities and socioeconomically disadvantaged 

people.

Impact of CFTR modulators on health disparities

The disparity in approval of and access to CFTR modulators in racial/ethnic minority 

patients will negatively impact already existing health inequities in CF. Even prior to CFTR 

modulators, racial and ethnic minorities had increased morbidity and mortality from CF 

compared to non-Hispanic White patients. These patients are more likely to be missed on 
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state newborn screening and be diagnosed later9,10. Hispanic patients with CF have an 

increased risk of mortality compared to non-Hispanic White patients and die at an earlier 

age.11–13 Black patients with CF also have an increased risk of mortality compared to non-

Hispanic White patients.13 Both Hispanic and Black patients with CF have lower pulmonary 

function compared to non-Hispanic White patients.10,15–17 Hispanic patients are at increased 

risk of acquiring pulmonary infections compared to non-Hispanic White patients and acquire 

infections at an earlier age.18,19 Differences in morbidity or mortality have not yet been 

investigated specifically in Asian, Pacific Islander, Native American, or Native Alaskan 

patients, although one study found increased risk of mortality in children of minority race 

and ethnicity.14

As race and ethnicity are social constructs with little genetic basis,21–23 it is essential 

to recognize that racial/ethnic disparities, including disparities in CF outcomes, are 

largely attributable to unequal social conditions and deeply rooted structural inequalities. 

For example, both Blacks and Hispanics with CF reside in neighborhoods with lower 

median household income24 and have higher Medicaid coverage than non-Hispanic white 

counterparts.24 Notably, disparities in CF outcomes by Hispanic ethnicity occur in spite 

of higher BMI and a larger proportion of residual function pancreatic sufficient CFTR 

mutations in the Hispanic population.106,20 Understanding the racial/ethnic disparities in CF 

also requires careful consideration of the effects of psychosocial factors, health literacy and 

acculturation, and stress and racism. For example, African American and Hispanic patients 

report worse emotional and social functioning after controlling for disease severity and 

socioeconomic position.25

Existing racial and ethnic disparities in CF morbidity and mortality are likely to widen 

due to limited access to CFTR modulators among minority patients. To understand the 

causes and implications of disparate CF phenotypes in different racial/ethnic groups and to 

intervene in disease progression, it is critical to expand both bench research and research on 

the environmental and lifestyle factors that interact with genetically determined biological 

variables.

Providers who are anxious to obtain CFTR modulator therapy for patients not currently 

eligible face significant barriers. Most CF centers are not capable of real-time N-of-1 studies 

to check in vitro response to CFTR modulators. While there are research protocols at some 

centers throughout the country, these can be difficult for patients to enroll in, and when they 

do enroll, there are long delays to getting a result. Compassionate use programs through the 

pharmaceutical company have not been helpful for patients whose CFTR mutations have not 

been studied previously. Some CF centers report success with direct appeal to the insurance 

company for a clinical trial of 3–6 months to show clinical improvements in sweat chloride 

concentration, FEV1, and disease stability. Unfortunately, many insurance companies will 

not approve such a trial without evidence of an approved mutation.

Conclusion and future directions

Even prior to the advent of CFTR modulators, non-White patients with CF face multiple 

barriers to achieving excellent outcomes from missed and late diagnosis to worse pulmonary 
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disease and increased mortality. Unequal access will only widen these disparities worldwide. 

There is not an easy answer to reaching equitable access to CFTR modulators, as 

barriers include rare uncharacterized CFTR mutations, no clear mechanism for testing 

efficacy of CFTR modulators in individuals, government approval or insurance approval, 

unaffordable costs, all leading to under-utilization of modulators in minority patients (Table 

2). Nevertheless, finances and geographic location should not be determining what person 

with CF thrives or perishes due to access to CFTR modulators. Achieving equity will take 

significant work in research, clinical practice, and health policy. The CF community has 

made revolutionary, ground-breaking progress in the treatment of CF. This same energy and 

dedication is now needed to absolve health disparities in CF.
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Educational Aims:

The reader will come to appreciate that:

• Newborn screening methodologies may underserve minorities with less 

common genotypes, delay diagnosis and perpetuate poorer CF health 

outcomes.

• The lack of inclusion of racial/ethnic minorities in clinical trials of CFTR 

modulators has implications for adverse events, drug metabolism and 

therapeutic response.

• The cost of modulator therapy could be more than US$15 million over the life 

of an individual.

• People with CF in Eastern Europe, Asia, Africa, and most of South America 

have restricted access to CFTR modulators.
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Figure 1: 
Percentage of CFTR Modulator Studies Describing Subject Race and Ethnicity
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Table 1:

Countries with Branded CFTR Modulator Market Authorization

All 4 CFTR modulators Ivacaftor, Lumacaftor/ivacaftor, Tezacaftor/ivacaftor Lumacaftor/ivacaftor

• Australia
• Canada
• European Union countries
• Iceland
• Israel
• Liechtenstein
• Norway
• Switzerland
• United Kingdom
• United States

• Brazil • Russia
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Table 2.

Barriers to and solutions for CFTR modulator equity

Type Potential Barriers Possible Solutions

Genetics

Incomplete CFTR genotyping: only one or no mutations 
identified

Further research in genetics of CF, full sequencing of 
patients without 2 mutations

Rare and novel mutations not eligible for clinical trials Theratyping, N-of-1 clinical trials, grants to fund 
research

Clinical trials

Minorities not included in clinical trials even when qualify Adopt NIH policy across all CFTR trials to ensure equal 
representation

No standard pathway for testing efficacy in CFTR mutations not 
previously investigated

Increased research, consensus guidelines needed

Public policy

No approval of CFTR modulators for all mutations in which they 
have shown efficacy

Increased advocacy for approval

Newborn screening methodologies tailored primarily to non-
Hispanic Whites

Develop newborn screening methodologies suitable for 
minorities

Financial

Cost to healthcare system; unaffordable for smaller or lower-
income countries

Negotiate affordable options with pharmaceutical 
companies

Inconsistent coverage across health insurance plans Negotiate with policy makers and insurance providers 
for coverage

Health care

CFTR modulators under-prescribed to minority patients Provide education and implicit bias training to CF 
providers

CFTR modulators declined by minority patients Interventions to address concerns, develop trust

Environmental Reduced benefit of CFTR modulators due to disproportionate 
smoke exposure in racial/ethnic minorities

Smoking cessation and exposure prevention 
interventions tailored to racial/ethnic minorities
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