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Cystic fibrosis (CF) has entered the era of variant-specific therapy, tailored to the genetic variants in
the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene. CFTR modulators, the first variant-
specific therapy available, have transformed the management of CF.

The latest standards of care from the European CF Society (2018) did not include guidance on variant-

specific therapy, as CFTR modulators were becoming established as a novel therapy. We have produced
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interim standards to guide healthcare professionals in the provision of variant-specific therapy for people

Here we provide evidence-based guidance covering the spectrum of care, established using evidence
from systematic reviews and expert opinion. Statements were reviewed by key stakeholders using Delphi
methodology, with agreement (>80%) achieved for all statements after one round of consultation. Issues

CFIR around accessibility are discussed and there is clear consensus that all eligible people with CF should

Variant-specific therapy
CFTR modulators
Guidelines

have access to variant-specific therapy.
© 2022 The Authors. Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction
1.1. Background

The European Cystic Fibrosis Society (ECFS) defines standards of
care for cystic fibrosis (CF). The last update [1], whilst comprehen-
sive, did not include standards for the provision of variant-specific
therapy (VST) that has emerged over the past decade and rep-
resents a significant treatment for many people with CF (pwCF).
CF is a result of disease-causing variants affecting the CF Trans-
membrane Conductance Regulator (CFTR) gene. VST for CF is a new
class of drug, of which CFTR modulators are the first agents li-
cenced to treat the basic defect. A VST is a systemic agent, gen-
erally taken orally, that corrects the molecular defect arising from
the pathogenic CFTR gene variant. These agents are distinct from
genetic therapies (DNA, RNA) or therapies that treat the clinical se-
quelae of CFTR disease (e.g., antibiotics, dornase alfa). VST results
in greater CFTR quantity and/or function. Several different terms
are used to describe VST, to some degree reflecting the mechanism
of action (Table 1).

In this paper we provide evidence-based guidance for pwCF
and their healthcare workers regarding variant-specific therapy. We
consider the different challenges of these therapies and provide
statements to guide pwCF, CF teams and policymakers (Table 2).

1.2. Methods

This guidance was completed without support or funding from
the pharmaceutical industry. Conflicts of interest of contributors
are described completely and the process was undertaken with
transparency (Supplementary Table 1).

A core author group (KS, CC, EL, AS, DV, SvK) was selected by
the ECFS Standards of Care Committee, who defined the outline
of the paper. Three to four contributing authors were selected by

the ECFS Standards of Care Committee and invited to write each
section. Their contributions were reviewed internally by the core
author group and the ECFS Board. The process was undertaken in
partnership with the CF Cochrane Review Group and systematic
reviews were prioritized when available to inform the guidance
(see www.cochrane.org/ for detailed methodology). Sections were
reviewed internally by the core group and changes incorporated.
The section authors also generated statements (Table 2) which
were reviewed by a wider group of stakeholders using a modi-
fied Delphi methodology [2]. Contributors from a range of back-
grounds were asked to review statements and state if they agreed
or disagreed (yes/no/cannot answer). If they disagreed, they were
asked to explain why and provide an alternative version. Consen-
sus was achieved when 80% of contributors agreed with a state-
ment (respondents who ticked “cannot answer” were not included
in the calculation, as stakeholders commented a “cannot answer”
response was not the same as a “disagree”). This threshold of 80%
agreement has been used in previous Delphi exercises in CF [2]. All
comments on statements were reviewed by the core panel, even if
agreement was achieved.

In total, 32 statements were generated by the contributing au-
thor group and were reviewed by the Delphi consultation between
January and February 2022 (65 respondents from 24 countries,
see list in Supplementary Table 2). Respondents were physicians
(46.2%), other healthcare professionals (26.2%), scientists (12.3%),
pwCF and their families (10.8%) and patient organization represen-
tatives (4.6%). An acceptable (>80%) agreement was achieved for
all statements in the first round of consultation. Two statements
were removed, despite achieving agreement. One statement (on
the theme of adherence) was removed because it was repetitive,
and one (on the theme of exercise) was removed due to comments
and a lack of supporting evidence. After round 1 of the Delphi con-
sultation, several statements were edited for clarity without chang-
ing the meaning (Supplementary Table 3).
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Table 1

Common nomenclature for CFTR gene variant specific therapy. Several terms have been used to describe emerging therapies for pwCF. In this quickly evolving area,
some terms and their application can be unclear and inconsistent.

Abbreviation (if

Name applicable) Definition/Comments

Variant-specific VST A systemic therapy, generally administered orally, that corrects the molecular defect associated with a

therapy disease-causing CFTR gene variant’.

Premature PTC A therapy (for example, ataluren) for a variant that results in little or no CFTR protein product, known

termination codon as a class 1 variant? (most commonly nonsense or stop codon variants).

therapy

Corrector An agent (or combination of agents) that improves the processing of mutant CFTR to increase the
quantity of CFTR protein at the cell membrane. This is generally associated with class 2 CFIR variants
(most commonly F508del). Lumacaftor and tezacaftor are examples of correctors.

Potentiator An agent (for example, ivacaftor) that improves CFTR protein function by addressing gating defects,

CFTR modulator

Highly Effective
Modulator Therapy
Triple therapy

often associated with class 3 and 4 CFTR variants (most commonly G551D).
An agent that increases the quantity and improves the function of CFTR protein. These agents include
both correctors and potentiators, and combinations thereof. Sometimes referred to as “small molecule
CFTR modulators”.

HEMT A term to describe certain CFTR modulator therapies based on efficacy.

A therapy that includes three separate agents (for example a combination of correctors and potentiator,
as in elexacaftor-tezacaftor-ivacaftor) for pwCE.?

1 The term “variant” to describe a DNA change is now preferred, rather than the term ‘mutation,’ to avoid any negative connotation.
2 (lassification and characterization of CFTR gene variants is described in more detail in Section 2.
3 As new therapies emerge, larger combinations may become available with four or even five agents.
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Consensus statements.
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For individuals with clinical features consistent with CF, disease-causing variants of the CFTR gene are those characterized as “CF-causing”
or “varying clinical consequences” by an established and validated program (for example, CFTR2 or CFTR-France).

Individuals under consideration for CFTR modulator use should have molecular diagnostic testing of the CFTR gene that includes, at
minimum, the most frequent variants known to be CF-causing in their population of origin. Further analysis may include exonic regions,
intron-exon junctions, and presence of copy number variants, in the case of incomplete genotype after initial molecular testing.

CFTR gene variants should be considered of uncertain clinical significance in the absence of epidemiological or laboratory evidence. These
variants should undergo further evaluation to determine their pathogenic or benign status and potential responsiveness to VST.

PwCF aged six years and older, with one or two F508del variants, should have daily treatment with triple modulator therapy
(elexacaftor-tezacaftor-ivacaftor).

PwCF and at least one responsive non-F508del variant should be considered for mono (ivacaftor), dual (tezacaftor-ivacaftor) or triple CFTR
modulator therapy (elexacaftor-tezacaftor-ivacaftor).

Children with CF with eligible CFTR gene variants should be offered treatment with ivacaftor from 4 months of age.

Children with CF who are homozygous for the F508del variant, aged 2-5 years, should be offered treatment with dual modulator therapy
(Lumacaftor-ivacaftor).

Parent/carers of pre-school children with CF should be aware of the efficacy data and safety profile of VST before treatment start.

Before initiating treatment, pwCF and their families should have a detailed discussion with the CF team, outlining the impact of taking
CFTR modulator therapy, backed up with written information.

Before starting CFTR modulator therapy, a detailed drug history should be obtained and cross checked with prescribing information about
potential drug interactions.

Patients should be followed up at least every 3 months after initiating CFTR modulator therapy to monitor progress and screen for side
effects.

CF teams should monitor adherence to CFTR modulator therapy, for example, by using pharmacy dispensing data.

Before commencing and once established on a VST, pwCF, in partnership with the physiotherapy team, may need to adapt and optimise
their airway clearance technique and sinus treatments.

For pwCF starting a VST, the management of CFRD should be reviewed and adapted on an individual basis, considering clinical and
nutritional status.

PwCF on VST should continue to receive regular monitoring of nutritional status and dietary intake, according to changing energy
requirements.

Frequency of support of nutritional assessment should be individualized, depending on age, clinical status and CFTR modulator therapy.
CF teams should be familiar with the wide-ranging psychological impact of VST and prepare, advise and support pwCF and their
caregivers as required, involving the CF psychologist when indicated.

Symptoms of depression and anxiety should be assessed pre-VST and no later than 3 months after starting.

Prior to initiating VST in women with CF, contraception and fertility should be reassessed, and appropriate counselling provided.

The decision to use VST during pregnancy should weigh the risk to maternal health in the event of withholding therapy and the lack of
data regarding safety to the foetus.

Women treated with VST planning to breastfeed should be informed regarding lack of data on safety during breastfeeding.

PwCF and CFTR gene variant(s) with unclear response to modulator therapy should be offered referral to a centre with capacity for ex vivo
testing of CFTR response, to potentially establish an individualized treatment plan, including with modulator therapies.

All pwCF with non-responsive CFTR gene variants should continue to receive high-quality CF-specialist multi-disciplinary care at a
specialist or accredited CF centre.

It is important that pwCF and non-responsive CFTR gene variants are informed of clinical trials and supported to participate in trials.

For pwCF after solid organ transplant, VST should be considered for eligible patients after discussion of the potential risks and benefits
between the patient, the CF team, and the transplant team.

For patients with a diagnosis of CFTR-related disorder, there is no evidence to support the use of VST outside of clinical trials.

For infants with an unclear diagnosis following newborn screening for CF (CRMS/CFSPID), the use of VST is not indicated.

For new high-cost CF therapies, a robust health technology assessment should evaluate the impact on pwCF and society.

Evidence used to inform reimbursement decisions using public money should be transparent and available to the public.

The CF community should advocate globally for equitable access to new therapies with proven efficacy for all pwCF.
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2. Disease causing variants of the CFTR gene and standards for
CFIR gene testing

Karen Raraigh, Nataliya Kashirskaya, Caroline Raynal, Halyna
Makukh

2.1. Definitions and nomenclature

It is important that the names given to gene abnormalities
are precise and accurate. The Human Genome Variation Society
(HGVS) sets standards to describe genetic changes in all genes [3].
The term “mutation” is no longer recommended, as it assumes a
disease state and has a somewhat negative connotation. Instead,
the term “variant” is preferred. Variants are classified as disease-
causing (pathogenic), non-disease-causing (benign), or of uncertain
significance [3,4]. Variants should be described at the DNA level
using HGVS nomenclature (e.g., ¢.1652G>A); although protein (e.g.,
p.Gly551Asp) and legacy (e.g., G551D) names are also widely rec-
ognized. In this paper, we describe variants by their HGVS name
initially, then use the legacy name.

CFTR disease-causing variants that lead to a CF phenotype
[1] impair quantity and/or function of CFIR, when found in trans
with a known CF-causing variant, according to a validated CFTR
gene database (such as CFTR2 [5] and CFTR-France [6]) (Statements
1 and 2, Table 2). Depending on the related phenotype observed
[7], these variants are classified as CF-causing variants that consis-
tently cause CF [6,8], or variants of varying clinical consequences
(VVCC) that result in either 1) no disease, 2) CF in some individu-
als, or 3) a CFTR-related disorder (CFTR-RD) [6,8,9].

Variants with a lack of consistent data to determine if they are
pathogenic or benign are classified as variants of uncertain signifi-
cance (VUS) (Statement 3, Table 2).

2.2. Standards for CFIR gene testing

A DNA panel of common CF-causing variants are typically as-
sessed for first level testing. Ideally, the variants included should
reflect the person’s ancestry [10]. More extensive second level test-
ing includes analysis of CFTR coding sequences, intronic flanking
regions, and deep-intronic regions where disease-causing variants
have been described [11-15].

The diagnosis of CF is confirmed by a positive newborn screen-
ing result (i.e., elevated immunoreactive trypsinogen [IRT]) or
when a person has clinical features of CF plus sweat chloride
>59 mmol/L and/or two disease-causing variants identified in trans
(i.e., on opposite alleles) [1]. However, in the context of CF symp-
toms, laboratory features, or abnormal CFTR bioassays, the absence
of two disease-causing variants does not rule out CF. Further se-
quencing of the entire CFTR gene [16,17] or transcript analysis on
nasal epithelial cells [18] should be performed to search for addi-
tional disease-causing variants.

It is also recommended to search for complex alleles (i.e., two
or more CFTR variants associated in cis on the same allele) in those
whose genotype does not correlate with expected phenotype and
in people bearing variants known to be involved in complex alleles
that may impact on the effectiveness of VST [17,19,20].

2.3. Molecular consequences and functional classes of variants

Variants have different molecular consequences, depending on
type and location in the CFTR gene [21], and have traditionally
been classified by functional impact from Class I to VI [22,23].
Though generally useful, this system does not capture nuances
that may impact response to VST. Recent proposals for more ac-
curate classification group variants by the effect on CFTR quan-
tity or function (Fig. 1) [24], or divide Class I variants into those
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amenable to read-through therapies (i.e., nonsense) and those un-
likely to be corrected by small molecules (no mRNA production;
i.e,, frameshifts, large deletions/duplications) [25].

Pathogenicity of rare variants and VUS may be investigated by
groups with well-established protocols by evaluating in vivo CFTR
function using intestinal current measurement [26] or nasal po-
tential difference [27], ex vivo organoid forskolin-induced swelling
(FIS) [28], or variant testing in a heterologous cell system in vitro
[8]. Notably, the potential impact of any variant on CFIR splicing
- which may compromise CFTR modulator efficacy - must be con-
sidered prior to functional evaluation to avoid misinterpretation of
results [29,30]. It is possible that developments in the field may
identify agents that address splicing defects.

A list of CFIR variants and eligibility for VST is included in the
appendix (Supplementary Table 4). It should be acknowledged that
some of the licensed variants included in this list are characterized
as non-CF causing (i.e., causing a CFTR-RD or non-disease causing)
[5,6] and others are known or suspected to affect splicing or have
characteristics that may decrease the expected clinical benefit of
VST [29,30]. A clear diagnosis of CF is a pre-requisite to prescrip-
tion of these agents. This issue is further discussed in Section 12.

3. Who is eligible for variant-specific therapy?
3.1. Kevin W Southern, Karen Robinson, Alan Smyth and Ian Sinha

Emerging CFTR modulator therapies for pwCF have been li-
censed for specific variants of the CFTR gene, based on data from
clinical trials and in vitro testing. This variant-focused approach
to licensing may oversimplify a complex situation since many CF-
causing variants are not easily characterized and their response to
VST may be unpredictable. This has led to the concept of “ther-
atyping” to chart individual clinical response to VST, regardless
of CFIR variant. This approach offers therapeutic options to pwCF
with rare variants [31] (see Section 11). The evidence for VST in
pre-school children is reviewed in Section 4.

The first VST licensed was the “potentiator” ivacaftor in 2012,
initially for pwCF with at least one c.1652G>A variant (legacy
name: G551D). The evidence base for the use of this therapy in
pwCF older than 6 years of age is strong, with a good safety profile
[32]. Ivacaftor is now licensed for infants with CF aged 4 months
and older (see detail in Section 4). G551D is a class IIl or “gating”
variant, with CFTR protein correctly located in the cell membrane
but non-functioning. Ivacaftor addresses the gating defect, enabling
some salt transport. Ivacaftor has subsequently been approved for
other less-common variants with a similar molecular pathobiologi-
cal characterization based on in vitro laboratory evidence or in vivo
clinical trial data (Supplementary Table 4).

The most common CF-causing variant is ¢.1521_1523delCTT
(legacy name: F508del) [33]. The first VST to be licensed for this
variant was a combination of lumacaftor (initially termed a correc-
tor) and ivacaftor. There is good evidence that lumacaftor-ivacaftor
treatment results in improved respiratory function in pwCF with
two F508del variants, albeit with a lower magnitude of improve-
ment than was observed with ivacaftor treatment amongst pwCF
and the G551D variant [33]. Lumacaftor-ivacaftor has a reasonable
safety profile but is associated with transient respiratory symp-
toms and a small but clinically significant rise in blood pressure
in adults. Another dual therapy, tezacaftor-ivacaftor, has similar ef-
ficacy but a better safety profile [33]. Both dual therapies were
licensed for pwCF with two F508del variants. Tezacaftor-ivacaftor
has since been approved for certain combinations of F508del and
another variant (Supplementary Table 4).

The addition of elexacaftor to tezacaftor-ivacaftor resulted in
further improvement in clinical outcomes for pwCF with two
F508del variants already established on dual therapy, as well
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Classification of CFTR variants
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Fig. 1. A functional classification of CFTR gene variants (Adapted from Foil et al. [24]).

as pwCF with one F508del variant who were modulator naive
[34-36]. The impact on modulator-naive pwCF was particularly
notable, with rapid improvements in all outcomes measured, in-
cluding a disease-specific quality of life measure. Elexacaftor-
tezacaftor-ivacaftor, often called triple therapy, is associated with
a reasonable safety profile, and no rise in blood pressure was re-
ported in the initial trial [33]. Subsequent studies of elexacaftor-
tezacaftor-ivacaftor in 6-11-year-olds confirmed the safety profile
reported in adults and provided evidence of efficacy, leading to an
extension of the licence to this age group [37].

A frequently asked question is whether it is appropriate to
transfer patients established on effective monotherapy or dual
therapy onto triple therapy? A study of adult pwCF with F508del
and another variant responsive to either ivacaftor alone or
tezacaftor-ivacaftor demonstrated significant further improvement
in outcomes when they commenced triple therapy [36,38]. This
supports the rationale that all pwCF, aged 6 years and older, who
have one or two F508del variants should have access to daily
elexacaftor-tezacaftor-ivacaftor therapy (Statement 4, Table 2).

PwCF carrying non-F508del CFTR gene variants should be con-
sidered for modulator therapy if in vitro or clinical trial data
support potential responsiveness to any of the therapeutic op-
tions: mono (ivacaftor), dual (tezacaftor-ivacaftor or lumacaftor-
ivacaftor) or triple modulator therapy (elexacaftor-tezacaftor-
ivacaftor) (Statement 5, Table 2) (Supplementary Table 4). Several
CFTR gene variants are non-responsive to current modulator ther-
apy (see Section 11) and there is no currently approved effective
VST for pwCF have premature truncation codon variants (e.g. non-
sense) or other large deletions or duplications [39].

4. Modulator therapy for pre-school children with CF
4.1. Isabelle Sermet, Jane C Davies and Silvia Gartner

CFTR modulator therapies, in particular ivacaftor and
elexacaftor-tezacaftor-ivacaftor, have significantly impacted the
course of CF in older children and will likely improve their sur-
vival. Most infants and young children with CF still await trials
to confirm eligibility for these treatments. In Europe, ivacaftor is
licensed for children with CF aged 4 months and older, with at
least one of 10 CFIR variants (Statement 6, Table 2) (Supplemen-
tary Table 4). Lumacaftor-ivacaftor is licensed for 2-5-year-olds
who are homozygous for F508del (Supplementary Table 4).

Ivacaftor led to significant improvements in sweat chloride,
growth and in some cases pancreatic function biomarkers (in-
creased faecal elastase-1, decreased serum trypsinogen) in clini-
cal trials in pre-school children [40-42]. These improvements ap-
peared within weeks and were maintained during the open-label
extension for >2 years [43]. Measurement of respiratory func-
tion based on multiple breath washout also demonstrated signif-
icant improvement in lung clearance index (LCI) [44]. This is en-
couraging because elevated LCI, which measures the inhomogene-
ity of lung ventilation, is an indicator of progression of CF air-
way disease later in life [45,46]. An ongoing open-label trial is
currently assessing the safety, pharmacokinetics, and pharmacody-
namics of ivacaftor in infants with CF aged <4 months (clinicaltri-
als.gov NCT02725567).

Lumacaftor-ivacaftor also led to better growth and reduced
sweat chloride in children aged 2-5 years (Statement 7, Table 2).
Treatment effects were smaller than those seen with ivacaftor but
were maintained long term [47,48]. There were no significant im-
provements in LCI [47].

Both therapies are formulated as granules for younger chil-
dren, are well tolerated and have pharmacokinetic profiles similar
to those in older children. Moderate alanine transaminase eleva-
tions were reported in some infants, which did not increase with
longer treatment duration [40-43,47-49]. This supports more fre-
quent tests of liver function early in treatment. Preclinical stud-
ies showed cataracts in juvenile rats, and cases of non-congenital
lens opacities have been reported in paediatric patients on iva-
caftor. Although other risk factors were sometimes present, pos-
sible causation cannot be excluded. Therefore, baseline and follow-
up ophthalmological examinations are recommended in children
with CF treated with therapies containing ivacaftor (Statement 8,
Table 2).

Elexacaftor-tezacaftor-ivacaftor is in phase 3 trials for children
with CF aged 2-5 years, with results expected at the end of 2022
(clinicaltrials.gov NCT04537793).

In summary, data from younger children have largely mirrored
those from older populations, although the more limited base-
line disease means that measuring efficacy is more challenging. CF
organ disease progression in infants is largely irreversible which
highlights the need to begin VST as early as possible. It is un-
known whether treatment of infants could prevent various aspects
of CF, such as structural lung disease, chronic infection, hepatobil-
iary disease, pancreatic/intestinal dysfunction and glucose intoler-
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ance [50]. This has only been shown in the animal model to date
[51].

The goal should be to determine the safety and effectiveness
of early life initiation in order to provide VST following neonatal
screening, to potentially slow down disease evolution considerably.

5. Monitoring the introduction and maintenance of
variant-specific therapy (CFTR modulators)

5.1. Gary ] Connett, Amanda Bevan, Edwin Brokaar

Before starting CFTR modulator therapy, families and individ-
uals with CF should discuss with the CF team the reasons for
which treatment is being considered. There should also be discus-
sion, backed up with written information, about when and how to
take the medication (Statement 9, Table 2). There should be oppor-
tunities to address any emerging concerns or uncertainties about
medication use as part of routine and annual assessments. A drug
history, cross-checked with prescribing information about poten-
tial drug interactions, must be obtained before starting treatment
(Statement 10, Table 2) and should also enquire about the use of
complementary and alternative medicines. St. John’s wort (Hyper-
icum perforatum) for example, is an herbal remedy used for anx-
iety and depression and a strong CYP3A inducer that might de-
crease modulator efficacy. Drugs that inhibit CYP3A-mediated drug
catabolism, including some used regularly in CF care such as anti-
fungal azoles and the macrolide antibiotics erythromycin and clar-
ithromycin, can result in significant increases in modulator expo-
sure and modulator dose should be adjusted accordingly. Dose ad-
justments should also be considered for patients with severe liver
disease according to the Child-Pugh Score for assessing the correct
dose reduction.

Blood pressure measurements and liver function tests, in addi-
tion to standard care, should be obtained at baseline, then every 3
months for the first year of treatment and at least annually there-
after (Statement 11, Table 2). More frequent liver function monitor-
ing should be considered in those with significant underlying liver
disease.

Transaminitis (raised liver enzymes) is reported in up to 25%
of patients established on CFTR modulator therapy. Elevations are
usually transient and mild, but in 2% to 5% of cases are above
3 times the upper limit of normal (ULN) [52]. Current prescrib-
ing guidance suggests that with bilirubin levels >2 x ULN with
transaminases >3 x ULN, or if transaminase levels >5 x ULN, dos-
ing should be interrupted until levels return to normal. The risks
of restarting treatment on long-term liver function should be as-
sessed on a case-by-case basis and the decision to restart taken
working in partnership with the patient and their family, taking
into account objective measures of effectiveness. Acute cholecysti-
tis is a rare possible side effect of treatment [53], probably because
of the effects of increased bile flow on stones and biliary sludge.

Respiratory side effects such as chest tightness and dyspnoea
have been reported, especially after introduction of Lumacaftor-
ivacaftor treatment and in adults with more severe lung disease
[54]. These adverse effects are less problematic with other mod-
ulator combinations, but it is advisable to initiate treatment after
optimising other aspects of care including routine respiratory treat-
ments.

Increased sputum production can occur shortly after initiating
treatment and patients should be warned about this phenomenon.
This transient phenomenon is sometimes referred to as ‘the purge’
and is discussed in the airway clearance section (Section 6).

Other side effects include gastrointestinal symptoms, headache,
and rash, which are often transient or resolve after dose reduc-
tion or interruption. Rash might occur more commonly in those
taking hormonal contraceptives. Muscle pain (myositis) can also
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occur and be associated with raised creatinine kinase (CK) lev-
els. Monitoring should be considered if the patient is taking other
medicines, such as statins, which can also increase CK levels [55].

Rarer side effects reported include menstrual irregularities, tes-
ticular pain, and sinus pain. Such events are usually transient, but
unsettling for pwCF.

Whilst quality of life measures suggest significant improve-
ments in wellbeing for most patients receiving modulator therapy,
there have also been reports of mental health, neurocognitive and
neuropsychiatric events. Careful consideration is required to as-
sess whether these events are pharmacologically derived, or due
to changes in life circumstances as a result of modulator use (de-
scribed in Section 9).

Monitoring response to VST by standard clinical measures can
inform dosing regimens. Measuring LCI might be informative in
pwCF with normal spirometry (i.e., a forced expiratory volume in
one second [FEV] above 90% of predicted) [56]. Repeat sweat test-
ing provides evidence of a treatment effect on CFIR activity but
does not predict clinical response [57].

The continued effectiveness of modulators depends on main-
taining high levels of adherence to these therapies. CF services
should routinely access pharmacy dispensing data as part of ad-
herence monitoring (Statement 12, Table 2). The benefit of with-
drawing concomitant treatments, such as mucoactive agents is be-
ing evaluated in a number of trials including CF STORM (EudraCT-
2020-005864-77) and CF SIMPLIFY (Clinicaltrials.gov identifier
NCT04378153). Monitoring and supporting adherence to such
treatments, when clinically indicated, remains important.

As with all new therapies, the safe use of modulator treatment
and recognition of rare side effects depends upon responsible clin-
icians providing regular follow-up and reporting all potentially re-
lated adverse reactions to their relevant medicine regulatory au-
thorities.

6. Managing airway clearance during introduction of
variant-specific therapy

6.1. Lisa Morrison, Jenny Hauser, Naomi Hamilton

VST has been shown to increase airway surface liquid, ciliary
beat frequency, mucociliary transport, and reduce mucus viscosity
[58]. It is important that the healthcare team reflects carefully on
airway clearance techniques to determine their role, effectiveness,
and optimal prescription for pwCF established on VST (Statement
13, Table 2).

Some individuals experience a period of “sputum purging”
following VST commencement [59]. We recommend a review of
optimal airway clearance techniques, prior to commencing VST.
Outpatient review or an inpatient stay may be considered by the
healthcare team and the pwCF, before and during this purge phase,
with appropriate symptom treatment. Transient adverse effects
have been reported on commencement of VST in some pwCF, in-
cluding chest tightness, inability to tolerate increase in airway se-
cretions, an initial decline in FEV;, haemoptysis or decreased oxy-
gen levels [54]. This may reflect significant disease, and increased
physiotherapy support will be required for these individuals.

Comments posted by pwCF on social media suggest that a
purge can be immediate and profound, although on occasion less
apparent (Fig. 2). PwCF established on dual CFTR modulator ther-
apy who then switch to triple therapy may also experience a purge
and should have adequate physiotherapy support as needed.

There is no evidence to support discontinuation of physiother-
apy management for pwCF on established VST. However, pwCF
regularly experience reduced airway secretions and improved
respiratory symptoms. An individualized approach to rational-
izing therapies could therefore ease the relative burden of care



JID: JCF

K.W. Southern, C. Castellani, E. Lammertyn et al.

| don’t have to clear very often, |
cough less- and now my mum

can't find me in the shops

N

| was not aware how quickly the

purging process would happen

after starting Kaftrio
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A whole new world for me!

é

Within two hours | noticed a

large increase in secretions

__—

Not had a bad cough or any

sputum since starting.

| always wanted to know what it
felt like to breath (normally) and |
think | know now.

For two days | coughed up dark foul plugs,

like | had never seen before, then it all settled

Fig. 2. Comments from pwCF upon starting VST.

whilst upholding optimal health outcomes. This should be done
in partnership with the pwCF, their physiotherapist and health-
care team. Maintaining routine airway clearance techniques will
ensure that pwCF continue to achieve optimal benefit from VST.
It is important that pwCF are proactive in their airway clearance
management and remain receptive to their individual symptoms.
In some cases, it may be appropriate to consider alternative
approaches to maintaining respiratory health, including exercise
as an adjunct to airway clearance particularly in those individuals
with stable respiratory health. Whilst exercise is important for all
pwCF, there is no evidence to support it replacing formal airway
clearance techniques. Clinical trials are needed to answer this
frequently asked question and modulator therapy has thrown this
into sharper perspective.

In addition to the impact on the lungs, pwCF on VST have re-
ported improvements in chronic rhinosinusitis symptoms. These
include improvements in CT scan appearances (relating to sinus
architecture) and patient-reported outcomes, specifically rhinor-
rhoea, postnasal drip, thick nasal discharge, and fatigue [60,61].

7. Managing glucose intolerance following the introduction of
variant-specific therapy

7.1. Sarah Collins, Dilip Nazareth, Laurence Kessler

7.1.1. Effect of CFTR modulators on CFRD

Cystic fibrosis-related diabetes (CFRD) is a common complica-
tion, present in over 50% of adult pwCF [62]. CFRD is associated
with poorer clinical outcomes, including accelerated pulmonary
function decline and excess morbidity [63]. The aetiology is likely
multi-factorial secondary to pancreatic damage, resulting in alpha
and beta cell loss and dysfunction, manifested as a decreased first-
phase insulin secretion.

CFTR modulator therapy has been shown to impact glucose
handling. Ivacaftor has a significant beneficial effect on glycaemia
[64-67] and the combinations of ivacaftor and Lumacaftor or teza-
caftor have also shown a small benefit in glucose handling [68-71].
Elexacaftor-tezacaftor-ivacaftor has been shown to improve con-
tinuous glucose monitoring (CGM) markers of glycaemia in pwCF

with and without known CFRD [72]. Hence, it is important to mon-
itor glucose handling in pwCF established on VST.

7.1.2. Screening for CFRD

The significance of early glucose abnormalities in pwCF remains
controversial [73], however, weight and lung function decline have
been shown to precede a diagnosis of CFRD [74]. A prospective
4-year study reported the degree of glucose intolerance to be a
strong determinant of future lung function decline in pwCF [75],
justifying early screening.

Guidelines propose definitions of glucose tolerance abnormali-
ties in pwCF based on 2-hour blood glucose levels following oral
glucose tolerance testing (OGTT). This should be performed annu-
ally in adults. From the age of 10 years onwards, children with CF
should be screened annually for glucose tolerance abnormalities
[76]. Several studies report the usefulness of determining 1-hour
(Tq) blood glucose levels following OGTT, enabling earlier hyper-
glycaemia to be detected [77]. T; hyperglycaemia is correlated with
hyperglycaemia detected by continuous glucose monitoring (CGM)
[78].

There is increasing evidence of the use of CGM in CF and sev-
eral studies report links between CGM abnormalities and clinical
deterioration [79,80].

In the era of modulator therapy, it remains to be determined
whether an OGTT is the most appropriate test. Attention should be
paid to tests assessing dynamic glucose handling over time.

7.1.3. Management of CFRD

While changes in glucose handling have been observed with
CFTR modulator therapy, the impact upon CFRD management
is not fully established. Glucose levels should be closely moni-
tored, and treatment modified, as required. Similarly, nutritional
status should be closely monitored [81], with appropriate di-
etary modifications recommended where applicable (Statement 14,
Table 2). Improvements in survival will result in people living with
CFRD for longer. Therefore, close ongoing monitoring of diabetes-
related complications is important, especially for microvascular
disease.
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8. Monitoring and supporting nutritional issues during
variant-specific therapy

8.1. Jacqueline Lowdon, Elizabeth Owen, Dimitri DeClerq

8.1.1. Nutritional status and monitoring

In addition to improving respiratory outcomes, clinical trials
have demonstrated significant nutritional impact, although pre-
cise mechanisms remain unclear. More significant effects on an-
thropometric parameters have been seen for pwCF on ivacaftor or
elexacaftor-tezacaftor-ivacaftor than for those on dual CFTR modu-
lator therapy [82]. Improvements in weight, height and BMI were
reported as secondary or exploratory outcomes in the randomized
controlled trials (RCTs) underpinning approval of CFTR modulators.
PwCF with one or two G551D variants in phase 3 trials of ivacaftor
had sustained increases in weight and BMI [32]. PwCF with one
or two F508del variants aged >12 years on elexacaftor-tezacaftor-
ivacaftor had significant increases in weight and BMI [82]. Real-
world studies of pwCF treated with ivacaftor also found consistent
increases in weight and BMI [83]. Data on linear growth and body
composition is limited for elexacaftor-tezacaftor-ivacaftor. Longitu-
dinal data is needed to establish whether the effects of elexacaftor-
tezacaftor-ivacaftor on anthropometric status are sustained beyond
48 weeks, and to assess the effects on body composition.

8.1.2. Dietary and nutritional issues

Changes reported in nutritional status may be multifactorial.
In pwCF with G551D taking ivacaftor, there have been reports of
decreased energy expenditure, increased small intestine pH and
decreased gut inflammation [40,84,85]. Data from clinical trials
and real-world studies of pwCF are needed to determine the
long-term effects and the physiological mechanisms with differ-
ent modulators. As evidence is lacking regarding macronutrient
requirements, it is recommended that current practice continues
to assess energy requirements individually, depending on age and
clinical status (Statements 15-16, Table 2) [82,86]. If there are con-
cerning trends in weight/BMI/body composition, the focus should
shift from a diet of quantity to a diet of quality. Working closely
with their dietitian and CF team supports pwCF to maintain a
healthy weight/BMI/body composition and a high quality, balanced
diet. Emerging data suggest vitamin levels can be affected by CFTR
modulator therapy and longer-term data are required to quantify
the impact on need for vitamin supplementation [86,87]. Similarly
the need for salt supplementation on VST should be monitored
closely, as per the usual practice of the CF service.

Early initiation of ivacaftor may mitigate existing pancreatic
damage and prevent or delay further damage in young children
with CF [40,41,43]. Further research characterizing the impact of
VST on children is paramount, especially the role of faecal elastase
measurement for monitoring pancreatic function. At present, there
is no evidence to warrant reducing or stopping pancreatic enzyme
replacement therapy (PERT) upon commencement of VST although
this is an important question for pwCF.

9. Identifying and managing psychological issues during the
introduction of variant-specific therapy

9.1. Helen Oxley, Alistair Duff, Marieke Verkleij

VST can have positive psychological benefits as well as physical
ones [88]. However, there can also be adverse indirect psychologi-
cal impact for pwCF and caregivers, who report adjustment issues.
Feeding and eating are known issues for pwCF and managing
changes in weight and eating behaviors associated with VST will
remain challenging. The wider CF team needs to be aware of,
and sympathetic to, patients having complex feelings about the
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future and the past that can be difficult to verbalise (Statement
17, Table 2) [89]. CF psychologists should guide the team on the
amount of support required and be involved in delivering highly
specialized help for adjustment problems, behavior change and
psychological well-being. All team members must be patient
and give patients every opportunity to air their feelings, without
judgement. These reactions have mostly been reported in adults,
however children and young people with CF are now transitioning
onto VST and need further careful psychological consideration as
do all those who are as yet ineligible for, or unable to start VST.

Worsening of depression and anxiety symptoms including sui-
cidal ideation and suicide attempts requiring hospitalization have
been reported by some pwCF who have commenced VST [90-92].
Signals for mental health and neurocognitive adverse events have
been reported with the four currently available CFTR modulator
therapies [54], as well as reports of “mental fogginess” [93]. PWCF
are known to have 2-3 times the risk of developing elevated symp-
toms of depression and anxiety than the general population [94].
Depression and anxiety are in turn associated with negative health
outcomes, worse treatment adherence and greater healthcare uti-
lization [94-100]. Therefore, pwCF and parent-caregivers should be
screened in accordance with established CF mental health guide-
lines and treatment recommendations [98], prior to, and during,
VST but no later than 3 months after commencement (Statement
18, Table 2).

Early studies reported sub-optimal adherence to VST, but more
recent data shows 89% and 83% adherence at 6 and 12 months re-
spectively [101]. This is thought to result from high costs, good
communication, knowledge and monitoring, and optimistic per-
spectives from the media and patient associations. When first
prescribed VST, patients may consider that they will adhere to
such effective therapy, but good intentions do not always lead to
lasting behavior change. Evidence-based strategies for improving
and maintaining optimal adherence remain relevant. Understand-
ing barriers to, and facilitators of, adherence remains important as
the landscape shifts. The CF team can improve their ability to sup-
port pwCF through this journey by practising patient-centred com-
munication skills such as active listening, expressing empathy, and
recognising unique challenges. For pwCF who have not yet com-
menced VST, it remains essential to focus on optimal adherence to
traditional therapies to remain as well as possible. Often obscured
are feelings of pressure and responsibility and some patients fear
judgement over their struggles to adhere whilst others find it diffi-
cult to acknowledge the consequences of their sub-optimal adher-
ence as they pursue a “normal” daily life.

10. Fertility and breast feeding
10.1. Andrea Gramegna, Connie Takawira, Michal Shteinberg

Women with CF have increased rates of subfertility due to mul-
tifactorial causes, including endocrine as well as barrier abnormal-
ities [102,103].

A rise in pregnancy rates has been reported following iva-
caftor therapy [104]. More recently, unintentional pregnancies have
been recorded within weeks of commencing elexacaftor-tezacaftor-
ivacaftor [104-107]. Women with CF report under-utilizing con-
traception, and unintentional pregnancies are a recognized issue
[108,109].

Prior to commencing VST, women should be counselled about
the risk of unintentional pregnancy (Statement 19, Table 2). Con-
traceptive use should be reviewed and, if necessary, modified to
address potential drug interactions.

In men with CF, complete bilateral absence of vas deferens
(CBAVD) causes infertility [110]. Animal model work suggests that
exposure to VST in utero may correct this abnormality. This possi-
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bility should be considered in male CF infants, born to CF mothers
on VST, as transplacental drug transfer is possible [51].

10.2. The use of VST during pregnancy

Data regarding safety of VST during pregnancy is limited. With-
holding VST during or before pregnancy is an option but has
been associated with clinical deterioration in pregnant and non-
pregnant women [111-113].

Available animal and human data have not identified terato-
genicity, but the components of VST have all been demonstrated
to cross the placenta in animals [114]. This transplacental transfer
had minor effects on pregnancy outcomes at normal human doses
and has not been associated with toxicity to foetal chromosomes
or organogenesis [112].

Two case series report data on pregnancy and VST. Nash et al.
describe 64 pregnancies exposed to ivacaftor, Lumacaftor-ivacaftor
or tezacaftor-ivacaftor and Taylor-Cousar et al. describe 45 preg-
nancies exposed to elexacaftor-tezacaftor-ivacaftor [112,113]. Data
from these case series suggest miscarriage rates similar to those
of the general population and no related complications in infants
following in utero exposure [112,113].

The decision to continue or withhold VST during pregnancy
should be made between the CF team and the woman with CF,
considering the risks for the mother and the baby (Statement 20,
Table 2). Babies with CF exposed to modulator therapy in utero
may have a reduced serum IRT and this may lead to a false nega-
tive newborn screening result.

10.3. Breast feeding

Data on the safety of VST in breastfeeding remain lacking. The
product characteristics of elexacaftor-tezacaftor-ivacaftor report all
three components to be present in breastmilk in animal studies
with no adverse effects reported at equivalent human doses. One
case report detected measurable levels of Lumacaftor and ivacaftor
in the breastmilk of a breastfeeding mother with CF on this dual
therapy [115]. Transient elevations in liver enzymes and bilirubin
in the non-CF infant were reported [115]. In a further survey, no
adverse effects were reported in 26 infants exposed to elexacaftor-
tezacaftor-ivacaftor during breastfeeding, although eye examina-
tion was only undertaken in two of these infants [113].

The decision as to whether to breastfeed while on VST
should be taken after discussion between the CF team and
the mother, with review of all available information (State-
ment 21, Table 2). For breastfeeding mothers on VST, monitor-
ing of the infant (eye examination and liver function) should be
considered.

11. Standards for patients with non-responsive CFTR gene
variants

11.1. Peter van Mourik, Michael D. Waller, Jobst Roehmel

Approximately 10-20% of pwCF worldwide carry CF genotypes
that render them ineligible for CFTR modulator therapies, includ-
ing those with nonsense (premature stop) variants where clinical
benefit from novel read-through agents has not been demonstrated
[116,117]. Ancestral and geographical variations in the prevalence
of non-responsive CFTR variants lead to varying proportions of
pwCF with genotypes eligible for modulator therapies. This can
lead to inequitable treatment opportunities [118,119]. Marketing
authorization often restricts the use of currently licensed modu-
lators for unapproved CFTR variants, with clinical trial and effi-
cacy data lacking for other, mostly rare, CFTR variants. Ex vivo CFTR
function measurements can potentially determine the function of
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rare CFTR variants and assess possible responsiveness to approved
modulator therapies [120]. However, this approach is not routinely
available in clinical practice.

Recent studies report that improvements in ex vivo biomarkers
of CFTR function such as intestinal organoids and nasal epithelial
cells correlate with improvements in outcomes such as increased
FEV; and decreased sweat chloride concentration [120-126]. When
ex vivo studies suggest that a CFTR variant may have some re-
sponse to a specific therapy, then a clinical n-of-1 trial of that
therapy is warranted [127] with clear endpoints of improvement
in respiratory function and quality of life measures (Statement 22,
Table 2).

In the absence of available VST, it is essential that pwCF con-
tinue to receive high quality care delivered by a specialist CF multi-
disciplinary team at a specialist or accredited CF centre (Statement
23, Table 2) [128]. Maintaining high quality care is imperative for
all pwCF in the era of VST.

Experimental therapeutics in development and in clinical trials
offer new possibilities to correct the underlying CF defect or dis-
ease sequelae. This may improve treatment options for all pwCF,
especially those who have had limited benefit from commercially
available CFTR modulators. Healthcare providers should remain up
to date regarding current and future clinical studies. PwCF should
be informed about eligible research studies and be actively encour-
aged to participate (https://apps.cff.org/trials/pipeline) (Statement
24, Table 2).

12. The use of variant-specific therapies outside licence
indications (for example, post-transplant or for patients with a
CFTR-RD, CFSPID designation etc.)

12.1. Thomas Daniels, Carsten Schwarz, Carlo Castellani

12.1.1. PwCF and solid organ transplantation

VST has been shown to significantly improve several aspects
of CF, however clinical trials of VST did not include pwCF who
had been recipients of solid organ transplants (SOT). In Europe for
example, elexacaftor-tezacaftor-ivacaftor is not recommended for
use in transplanted pwCF, whereas the FDA label does not advise
against use in the transplanted population.

In liver-transplanted pwCF, healthcare teams must consider the
risk for liver toxicity and significant interactions with medications
commonly used after liver transplant. VST side effects (such as
raised transaminases) and interactions should be monitored. De-
cisions about starting VST should be made on a case-by-case basis
and after careful consideration by the CF team and the transplant
team, in partnership with the patient (Statement 25, Table 2). In
most cases, the significant benefits in terms of pulmonary function
and exacerbation rate will be considered to outweigh the risk of
possible side effects. A recent report from the US patient registry
reported indications and outcomes for 94 pwCF who had started
elexacaftor-tezacaftor-ivacaftor after lung transplantation (median
duration, 4.6 years) [129]. A significant number (42%) stopped
elexacaftor-tezacaftor-ivacaftor due to side effects (median, 56 days
after starting).

In lung-transplanted pwCF, it may be considered that the trans-
planted lung has no CFTR dysfunction (although a donor may be
a CF carrier), therefore any abnormality of the transplanted lung
should not ordinarily be considered an indication for VST. It could
be considered for use in exceptional circumstances when there is
evidence of significant extrapulmonary CF disease despite maxi-
mal medical therapy. One such extrapulmonary manifestation is
chronic rhinosinusitis (CRS) which causes very unpleasant symp-
toms and reduces quality of life. Elexacaftor-tezacaftor-ivacaftor
has been shown to improve CRS symptoms (as measured us-
ing the Sino-Nasal Outcome Tool and the Respiratory Domain of
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the CFQ-R) [60]. CRS has been associated with increased risk for
Chronic Lung Allograft Dysfunction (CLAD). It remains controversial
whether aggressive treatment of CRS after lung transplant reduces
the risk of developing CLAD [130,131]. However, in selected post-
lung transplant patients where CRS persists despite maximal med-
ical therapy, a trial of VST should be considered and monitored ac-
cordingly. Another extrapulmonary manifestation of CF which may
warrant consideration of VST is malnutrition. In lung-transplanted
pwCF, BMI <20 kg/m? and >28 kg/m? has been associated with
worse survival in a registry study, with the greatest effects seen
at the extremes of BMI [132]. VST has a positive effect on nutri-
tional status for pwCF without SOT [34]. Consideration of the use
of VST to improve nutrition in malnourished lung transplant re-
cipients when other standard methods of nutritional support have
failed is recommended, with the associated caveats and monitoring
listed above.

VST is associated with improvements in glycaemic control
[72] and better glycaemic control is generally associated with bet-
ter health outcomes [133]. Preliminary data from a US registry
study suggests elexacaftor-tezacaftor-ivacaftor in post-lung trans-
plant recipients also improves glycaemic control in this group
[129].

Intestinal manifestations for extrapulmonary CF are often
under-appreciated but have a major impact on quality of life [134].
These problems frequently persist after lung transplantation [135].
The effects of VST on gastrointestinal manifestations of CF in pre-
transplant recipients is less well established, with effects failing to
reach statistical significance in clinical trials [136]. However, given
the marked effect on QoL of gastrointestinal symptoms and their
persistence after lung transplantation, it would be reasonable to
consider a trial of VST in those for whom all other treatment op-
tions have failed.

If a trial of elexacaftor-tezacaftor-ivacaftor is considered, it is
worth noting the potential interaction between E-T-I and cal-
cineurin inhibitors (especially tacrolimus) reported by Ramos and
colleagues [129]. In a subset of 55 subjects not taking azole an-
tifungal medication, 30 required a dose change of tacrolimus (7%
required an increased dose, 47% a decreased dose, and 38% re-
quired no dose change). This experience reinforces the importance
of careful monitoring of tacrolimus levels.

12.1.2. CFIR related disorders (CFTR-RD) and CF screen positive,
inconclusive diagnosis (CFSPID)

CFTR-RD are clinical conditions associated with CFTR dysfunc-
tion that do not fulfil the diagnostic criteria for CF [9]. Their phe-
notype is usually mono-organ, and their genotype includes at least
one variant with a level of residual CFTR function greater than typ-
ical CF {Sermet, unpublished #1465}. Hypothetically, CFTR modu-
lators might be beneficial, depending on the CFIR gene variants
associated with CFTR-RD. However, no recommendation can be
made until 1) clear indications on CFTR-RD standards of diagno-
sis and care are made available to the medical community, 2) in
vivo and ex vivo evidence of CFTR rescue in CFTR-RD variants are
documented, and 3) VST clinical trials are undertaken in these
populations and improved outcomes demonstrated (Statement 26,
Table 2).

Infants with an unclear diagnosis following a positive CF new-
born screening result are given the designation “CF Screening
Positive, Inconclusive Diagnosis” (CFSPID) [137]. These infants are
healthy and most remain healthy with no sequelae of the neona-
tal testing. Some children may receive a diagnosis of CF as they
grow or develop clinical manifestations consistent with CFTR-RD.
Children with a CFSPID designation who convert to a CF diagno-
sis should be considered for VST, if they have an eligible genotype
(Statement 27, Table 2).
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13. Assessment of cost-effectiveness and the ethics of access
13.1. Ciaran O'Neill, Jiirg Barben, Clemence Martin

Various governments use cost-effectiveness analyses to assess
the relative value for money of novel therapies compared to other
uses of healthcare resources. Industry undertakes such analyses -
often alongside clinical trials - which they present as part of a
business case to evaluation boards (such as NICE in the UK), who
advise government. This often forms part of the negotiation around
the price at which a drug may be adopted for reimbursement in a
publicly funded system (Statement 28, Table 2).

Cost-effectiveness analysis is intended to provide a rigorous and
transparent process by which evidence can be generated and in-
formed decisions made. However, increasingly, where the cost-
effectiveness ratio breaches accepted thresholds for approval, deci-
sions around the price at which drugs are approved for reimburse-
ment are made behind closed doors. This enables access at a price
below that listed without compromising the manufacturer’s abil-
ity to negotiate with other potential purchasers. From the perspec-
tive of an individual country this model may allow them to access
novel therapies at below list price. From the perspective of indus-
try, it may allow them to act more effectively as a discriminating
monopoly to maximize their profits and invest in further research
and development. From the perspective of the user of these thera-
pies it may afford access to life changing therapies that would not
otherwise be available.

There are, however, risks and ethical considerations associated
with this approach. Within one country, reimbursing therapy that
breaches accepted norms for cost-effectiveness effectively gives
preferential access to healthcare resources to one patient group
over others in society. This may be facilitated by advocacy groups
who can readily present patients who would benefit from the
new therapy, while policy makers struggle to present to the public
those patients who lose because their care can no longer be pur-
chased. A further issue is that not all profits are reinvested in R&D
and that the exercise of monopoly power and secrecy around pric-
ing may serve to deter competition in this market.

Pricing of new medicines usually begins in the US as this is the
largest market. After FDA approval in terms of safety and efficacy,
the company sets a price they consider appropriate. Competition
is then limited by patent law which can be extended in the case
of rare and orphan diseases. The US price sets a benchmark that
may influence price negotiations in other jurisdictions. Patents are
neither bad nor good. They can benefit or harm a society and its
economy. But they only make sense if the overall benefit for the
general public outweighs the harm. This is the only way to polit-
ically justify states granting a monopoly to individuals or compa-
nies, who can turn it into a business free of competition (State-
ment 29, Table 2).

The considerable benefits of VST have been somewhat dimin-
ished by global inequities in access. Cost is undoubtedly a factor,
and the field should reflect on how future developments can ben-
efit all eligible pwCF, regardless of their circumstance or location
(Statement 30, Table 2) [138,139].

14. Conclusion

VST represents a paradigm shift for the management of pwCF
with eligible CFTR gene variants. CFTR modulators are the first
agents to clearly show that correcting the underlying molecular
defect is possible, and that this results in profound and significant
improvement in clinical outcomes. As with most novel therapies,
introduction of these agents has been complex, and this remains
an emerging area. This paper provides clear evidence-based and
pragmatic guidance for pwCF and their CF teams.
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