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a b s t r a c t 

Cystic-fibrosis-related liver disease (CFLD) is a variable phenotype of CF. The severe CFLD variant with 

cirrhosis or portal hypertension has a poor prognosis and life expectancy. 

CFTR modulator therapies are now available for people with CF and eligibility for such treatment is 

based on their CFTR genotype. We evaluated the genetic eligibility for elexacaftor, tezacaftor, ivacaftor 

(ETI), and ivacaftor (IVA) monotherapy in a previously reported CF cohort of 1591 people with CF of 

whom 171 with severe CFLD. Based on their CFTR mutations, 13% (N = 184/1420) of subjects without CFLD 

and 11% (N = 19/171) of those with severe CFLD are not eligible for either ETI or IVA therapy. 

The non-eligible patients without CFLD or with severe CFLD can currently not take advantage of 

the potential benefits of these new treatments. Although this study cannot provide any data regarding 

the effect of ETI or IVA on the progression of severe CFLD, the consequences for ineligibility of pa- 

tients with extreme liver phenotype may be even more significant because of their poorer disease risk 

profile. 

© 2023 Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. 
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. Introduction 

Highly effective CFTR modulators targeting specific genotypes 

f the Cystic Fibrosis (CF) Transmembrane Conductance Regulator 

CFTR) protein are radically changing the natural history and man- 

gement of CF. Their efficacy in improving respiratory outcomes 

as been demonstrated in randomized clinical trials, and also in 
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he real world setting [1–6] . However, not all patient genotypes are 

ligible for CFTR modulators therapy. 

CF-related liver disease is a common complication of CF and in 

ts severe form occurs in 5-10% of the patients [7] . In the advanced

tage, it is associated with pulmonary function decline, nutritional 

tatus deterioration and increased risk of death [8] . 

In this study, using data from a large, well characterised in- 

ernational cohort of patients with CF [9] , we evaluated the 

enetic non-eligibility for potential CFTR modulator treatment 

ith the triple combination of elexacaftor, tezacaftor, ivacaftor 

ETI) or ivacaftor (IVA) monotherapy in patients with severe 

FLD. 
. 
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Table 1 

Liver outcomes in patients with cystic fibrosis according to CFTR genotype groups, 

defined by eligibility for CFTR modulators. 

Eligible for ETI/Ivacaftor alone 

No Yes Total 

No. of patients 203 (12.8) 1388 (87.2) 1591 (100) 

Cirrhosis or PHT 19 (11.1) 152 (88.9) 171 (100) 

Cirrhosis 16 (10.4) 138 (89.6) 154 (100) 

PHT 13 (11.4) 101 (88.6) 114 (100) 

Waiting list for Liver Tx 3 (13.0) 20 (87.0) 23 (100) 

Liver Tx 2 (14.3) 12 (85.7) 14 (100) 

Data are numbers (%) 

ETI:Elexacaftor, Tezacaftor, Ivacaftor. PHT: Portal Hypertension. 
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. Methods 

This study is a follow-up analysis of genetic CFTR modulator el- 

gibility based on the same patient cohort retrospectively studied 

or CF liver-related outcome and previously published [9] . In that 

tudy, 1591 patients had been enrolled in 11 CF centres and fol- 

owed up for the occurrence of severe CFLD (portal hypertension 

ith or without cirrhosis) from diagnosis of CF up to 31 December 

016. The characteristics of our cohort and the selection criteria 

ere reported in details in our previous paper [9] 

CFTR genotypes were determined by 1st level analysis for 

he screening of the most frequent pathogenetic variants/ 

earrangements in the CFTR gene. If genotyping was inconclusive, 

ecause of the identification of only one or no pathogenetic vari- 

nts, a 2nd level analysis was performed by sequencing all the cod- 

ng sequence and part of the intronic regions of the gene. Geno- 

ypes were then classified according to whether patients would 

e eligible for treatment with CFTR modulators including ETI or 

umacaftor/IVA or Tezacaftor/ IVA for patients with at least one 

508del mutation, and IVA monotherapy for patients with gating 

utations [1] . More recently eligibility has been extended to a sub- 

roup of non-F508del patients carrying other specific mutations, 

ased on their in vitro response to CFTR modulators [10] . 

Occurrence of liver outcomes was compared between patients 

ith a genotype compatible with CFTR modulator prescription and 

hose with a genotype which was not. Incidence of severe liver dis- 

ase, as defined by the occurrence of portal hypertension with or 

ithout cirrhosis, were computed as number of events per 10 0 0 

erson-years with the corresponding 95% confidence intervals (CI) 

btained from the Poisson distribution. To compare incidence be- 

ween groups, we estimated the incidence rate ratio (IRR) using 

he group of patients eligible for the treatment as a reference. 

The study was approved by the respective Ethics Committees of 

ll 11 participating CF centres. 

. Results 

The original study [9] had enrolled 1591 patients regularly fol- 

owed in the participating centres up to a median age of 15 years 

interquartile range: 12-19 years, min: range: 9-26 years); 1276 

80.2%) had at least one copy of the F508del mutation and thus 

ould be eligible for treatment with CFTR modulators. This per- 

entage rose to 87.2% (n = 1388) when the new criteria based also 

n in vitro studies were applied. 

More patients from New Zealand (241/252, 95.6%) and Aus- 

ralian (383/415, 92.3%) centres would be eligible for treatment 

ompared to patients followed-up in Swedish (160/181, 88.4%), 

ussian (126/153, 82.4%) and Italian (478, 590, 81.0%) centres. 

Over the follow-up 171 patients developed severe liver disease 

 Table 1 ). Of them 23 (13.5%) were in the waiting list for liver

ransplantation and 14 (8.2%) were transplanted. Approximately 

0% of cases with cirrhosis, portal hypertension, hypersplenism and 

sophageal varices occurred among patients not eligible for CFTR 

odulators, with 2 patients requiring liver transplantation. 

Cumulative incidence of severe CFLD was 5.83 cases per 10 0 0 

erson-years (95% CI: 3.51-9.11) among patients who were not el- 

gible for CFTR modulators and 6.84 (95% CI: 5.80-8.02) among 

hose who were eligible for treatment (IRR: 0.85, 95% CI: 0.50-1.38, 

 = 0.57). 

The CFTR genotype and liver status of the 19 patients who de- 

eloped severe liver disease and would not be eligible to receive 

TI/IVA alone are described in the online supplementary Table 

1 . Overall, 20 variants were observed all of which, except 3, are 

nown to be CF-causing [11] ; 13 (65%) resulted in a truncated pro- 
264 
ein due to a stop codon, or ins/del mutations, and were present 

n both alleles in 7 out of 19 patients. 

. Discussion 

In this study, carried out in a period before availability of any 

FTR modulators, we used data from a large retrospective interna- 

ional cohort focused on long term outcomes of liver disease, to 

emonstrate the size of the unmet need for potential prevention 

f severe CFLD using CFTR modulators. 

Using the current extended eligibility criteria, we found a 

revalence of patients not eligible to CFTR modulators in the whole 

ohort of 12.8%. This figure was similar to that reported by the US 

F Foundation Patient Registry ( ∼10% by end of 2021) [12] , and 

lightly higher than a recent UK Registry prevalence report of 8.6% 

on-eligible patients, based on the presence of at least one copy 

f F508del mutation, with higher figures among minority ethnic 

roups [13] . 

Thus, if CFTR modulators are proven beneficial on the occur- 

ence and progression of CFLD, the increasing international use 

f CFTR modulators may prevent the majority of cases of severe 

iver disease from developing. However, a significant proportion 

f patients will not have access to CFTR modulators due to their 

pecific genotype and remain at risk of developing this serious 

omplication. 

The genotypes of the 171 patients with CFLD who progressed 

o severe liver disease were fully characterized and we found that 

9 (11%), according to the current prescription indications, would 

ot be eligible for CFTR modulator therapy. Of note, most car- 

ied severe mutations involving a premature stop codon result- 

ng in a truncated protein, leading to complete loss of the CFTR 

unction. Rare and unusual mutations, which have been suggested 

o represent possible features in otherwise undiagnosed end-stage 

iver disease in infancy, were seldom observed in our cohort 

14] . 

Despite remarkable achievements in understanding disease 

echanisms and developing treatments for CF over the last two 

ecades, there are still significant unmet needs for patients, many 

nvolving the extrapulmonary complications of CF, including liver 

isease [15] . 

In conclusion, the distribution of people not eligible for CFTR 

odulator therapy is not related to the absence or presence of se- 

ere liver disease. Even though CFTR modulators may help to pre- 

ent or slow CFLD progression, our data indicate that a substantial 

roportion of patients at risk of developing severe CFLD will not 

e eligible to receive them. 
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