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INTRODUCTION

Cystic fibrosis (CF) is an 
inherited, life-limiting autosomal 
recessive disorder characterized 
b y  m u t a t i o n s  i n  t h e  C F 
transmembrane conductance 
regulator (CFTR) gene, which leads 
to defective chloride transport 
across epithelial cells. This causes 
thick, sticky mucus to accumulate 
in various organs, primarily the 
lungs, pancreas, and liver [1, 2]. 
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ABSTRACT

Background & Aims: Cystic fibrosis transmembrane conductance regulator (CFTR) modulators, including 
elexacaftor/ivacaftor/tezacaftor (ETI) and lumacaftor/ivacaftor (LI), have revolutionized the treatment of 
cystic fibrosis. However, their impact on liver function remains unclear, with varying effects reported across 
studies. The aim of this study was to systematically review the effects of CFTR modulators on liver function 
in cystic fibrosis patients by evaluating changes in key hepatic biomarkers.
Methods: A comprehensive literature search was conducted in Europe PubMed Central and PubMed 
databases for studies published between January 1, 2010, and December 31, 2023. Eligible studies included 
those assessing the impact of CFTR modulators on liver biomarkers in cystic fibrosis patients. Meta-analyses 
were performed where possible.
Results: Six studies encompassing 195 patients were included, with significant heterogeneity in study design, 
population, and outcomes. The review found mixed results for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and gamma glutamyltransferase (GGT) levels, with some studies reporting increases 
and others decreases. LI therapy was associated with significant reductions in GGT and alkaline phosphatase 
(AP) levels, while ETI therapy showed significant increases in bilirubin levels. Albumin levels increased 
significantly with both therapies. 
Conclusions: CFTR modulators have varying effects on liver function biomarkers in cystic fibrosis patients, 
with LI therapy generally showing more favorable outcomes on liver health. The significant heterogeneity 
among studies underscores the need for more standardized research to better understand these effects and 
guide clinical management.

Key words: cystic fibrosis − CFTR modulators − liver function − ALT − AST − GGT − AP − bilirubin − 
albumin − systematic review.

Abbreviations: ALT: alanine aminotransferase; AP: alkaline phosphatase; APRI: aspartate aminotransferase-
to-platelet ratio index AST: aspartate aminotransferase; CF: cystic fibrosis; CFLD: liver involvement in CF; 
CFTR: CF transmembrane conductance regulator; ETI: elexacaftor/ivacaftor/tezacaftor; GGT: gamma 
glutamyltransferase; LI: lumacaftor/ivacaftor.

The buildup of mucus in these organs leads to inflammation, 
chronic infections, and organ damage. Cystic fibrosis affects 
multiple systems in the body and is considered one of the most 
common lethal genetic diseases in the Caucasian population [2].

It is estimated that over 160,000 individuals are living with 
CF across 94 countries. Of these, approximately 65% have 
been diagnosed, and 12% are receiving triple combination 
therapy. More than 50,000 individuals are believed to have 
undiagnosed CF. However, the accuracy of these estimates is 
limited, particularly in low- and middle-income countries, due 
to a scarcity of high-quality data [3].

Mortality associated with CF has significantly improved 
due to advancements in treatments [4]. However, respiratory 
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complications and organ damage still lead to high morbidity 
and mortality rates in affected patients [5]. Liver involvement 
in cystic fibrosis (CFLD) is the third leading cause of death in 
CF patients [6, 7], accounting for 2.5% of overall mortality [8].

As life expectancy increases, the prevalence of liver 
complications also rises [9]. Liver involvement in cystic fibrosis 
presents in a variety of forms, with the most severe being 
multilobular cirrhosis, which develops in approximately 5-10% 
of patients. The prevalence of CFLD is around 23% [10]. The 
fibrosis and subsequent cirrhosis often lead to complications 
such as portal hypertension, esophageal varices, and liver 
failure [11]. Until now, no treatment is known to prevent and 
manage the advanced forms of CFLD [12].

Cystic fibrosis has transitioned into an era of variant-
specific therapies, which are tailored to the specific genetic 
variants in the CFTR gene [13]. The development of CFTR 
modulators, specifically elexacaftor /tezacaftor /vacaftor (ETI) 
and lumacaftor /ivacaftor (LI), has revolutionized the treatment 
of cystic fibrosis [14]. These therapies target the underlying 
defect of CFTR mutations, enhancing the protein‘s function 
and improving clinical outcomes, especially in pulmonary and 
gastrointestinal manifestations of the disease [15]. The ETI 
combination has been shown to significantly improve lung 
function, decrease pulmonary exacerbations, and enhance 
overall quality of life [13].

Although CFTR modulators primarily target respiratory 
symptoms, their effects on liver function are also noteworthy 
[16]. However, the long-term effects of these therapies on 
hepatic biomarkers remain an area of ongoing research [15].

The aim of this study was to systematically review the impact 
of CFTR modulators, specifically ETI and LI, on liver function 
in cystic fibrosis patients. This review evaluated changes in key 
hepatic biomarkers, including alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma glutamyltransferase 
(GGT), bilirubin, alkaline phosphatase (AP), albumin levels, 
and AST-to-platelet ratio index (APRI), to identify clinical 
patterns and implications associated with these therapies.

METHODS

Search Strategy
This systematic review was conducted in accordance 

with the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines [17]. A comprehensive 
literature search was performed using two databases: Europe 
PubMed Central and PubMed. The search strategy was 
designed to identify studies published between January 1, 
2010, and December 31, 2023, investigating the effects of 
cystic fibrosis modulators on liver function. The search terms 
used were: „cystic fibrosis AND liver AND modulators.” In 
Europe PubMed Central, the search was performed using 
the query: cystic fibrosis AND liver AND modulators AND 
(FIRST_PDATE: [2010-01-01 TO 2023-12-31]). In PubMed, 
the query was cystic fibrosis AND liver AND modulators AND 
(„2010/01/01”:”2023/12/31”[PDAT]).

Eligibility Criteria
The following PICOS strategy for inclusion of studies 

was used: 1) population - patients with cystic fibrosis; 2) 

intervention - cystic fibrosis transmembrane conductance 
regulator (CFTR) modulators, including ETI or LI; 3) outcomes 
- studies reporting changes in liver biomarkers such as ALT, 
AST, GGT, bilirubin, AP, and albumin levels; 4) study design: 
prospective cohort, retrospective cohort, before-after studies, 
observational studies.

Exclusion criteria included animal studies, case reports, 
reviews, mecanicistic studies, conference abstracts, and 
editorials. No restrictions on language were applied.

Information Sources
The literature search was conducted in June, 2024, using 

Europe PubMed Central and PubMed databases. References 
from included articles were also screened to identify any 
additional relevant studies.

Study Selection
Two independent reviewers screened the titles and abstracts 

of the search results (E.S.M. and A.L.). Full texts of potentially 
eligible studies were retrieved and assessed for inclusion based 
on the pre-defined eligibility criteria. Any disagreements 
between reviewers were resolved through discussion. 

Data Extraction
The following information was collected: study 

characteristics: country, study design, duration of follow-up, 
number of participants, patient age, and sex distribution, type 
of CFTR modulator used (ETI or LI), outcomes: baseline and 
post-treatment levels of liver biomarkers (ALT, AST, GGT, 
bilirubin, AP, albumin, APRI), and statistical significance of 
changes in these biomarkers. Data was extracted by two authors 
(E.S.M. and D.C.L.), in case of inadvertences the original article 
was verified. 

Data Synthesis and Analysis
Due to the heterogeneity of the included studies, a 

qualitative synthesis of most of results was performed. Where 
possible, meta-analyses were conducted using a random-effects 
model using restricted maximum likelihood, to calculate 
pooled effect sizes and 95% confidence intervals (CIs). The 
effect size was the mean of change before and after therapy in 
liver biomarkers. In case necessary statistics were unavailable 
(i.e. standard deviation), they were computed using formulas 
from Wan et al. [18]. The I² statistic was used to assess 
heterogeneity between studies. The Cochrane Collaboration 
suggestions for heterogeneity classifications were used: 0-40%: 
might not be important; 30-60%: moderate heterogeneity; 
50-90%: substantial heterogeneity; 75-100%: considerable 
heterogeneity [19]. Sensitivity analyses were performed using a 
leave-one-out approach to assess the robustness of the findings. 
Statistical analyses were performed using R version 4.3.2 (R 
Foundation for Statistical Computing, Vienna, Austria) [20] 
and the meta R package [21]. The publication bias assessment 
was not possible due to the limited number of included studies.

RESULTS

The selection process is detailed in the PRISMA flowchart 
(Fig. 1). First 2,399 records from database searches were 
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identified, including 2,277 from Europe PubMed Central and 
122 from PubMed. Before screening, 64 duplicate records 
were removed, leaving 2,335 records for selection. During 
the screening process of titles and abstracts, 2,309 records 
were excluded for not being relevant to the subject, resulting 
in 26 reports sought for full-text retrieval, all of which were 
successfully retrieved. Of these, 13 reports were excluded for 
missing outcomes, 1 was excluded as a letter to the editor, and 
6 were excluded as case reports. Ultimately, 6 studies were 
included in the final review [22-27].

The selected for the review included a total of 195 patients.

Studies Characteristics
The characteristics of the studies are presented in Tables 

I and II. All studies were carried out in Europe, three in Italy 
and one in each of the following Germany, France, United 
Kingdom. The study designs were prospective, retrospective, 
before-after. The follow up was from 6 months to 36 months, 
the most frequent follow up being of 12 months. The patients 
in the studies were young. The distribution based on sex is 

balanced, for most of the studies. Four studies (67%) had adults 
as study group, one study (17%) focused on children, and one 
(17%) had two groups one of children and one of adults. Half 
of the studies used ETI as therapy and the other half used LI. 
Three studies (50%) were on homozygote patients, one (17%) 
on heterozygote patients, and the other two (33%) were on 
homozygote and heterozygote patients.

Evolution of Hepatic Biomarkers under Cystic Fibrosis 
Therapies
The results for ALT and AST levels varied across studies, 

with some showing increases and others showing decreases, 
some of them significant, and some without reaching the 
level of significance (Table II). No clear pattern could be 
distinguished regarding the tendencies in relation to the 
characteristics of the studies.

The results for GGT levels varied across studies too, with 
some showing increases and others showing decreases (Table 
III). Two studies showed statistically significant decreases, an 
observation that might suggest that LI therapy may improve 
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Table I. Studies’ characteristics

Study name Country Study design Time (months) N Age (years) Female (%)

Schnell, 2023 Germany Prospective cohort 6 20 24.1 (10.9) 25

Carnovale, 2022 Italy Observational cohort 12 20 31.9 (7.7) 60

Drummond, 2022 France Retrospective cohort 12 28 14.4(13.0 – 16.2) 46

Gelzo, 2020 Italy Before-after design 15 (6) 20 27 (7) 48

Castaldo, 2024 Italy Before-after design 12-36 33 24 (20-30) 50

Tewkesbury, 2024 United Kingdom Retrospective cohort 21(17-25) 74 >18 46

Quantitative data is presented as mean (standard deviation) or median (interquartile range); -, not reported.
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GGT levels in certain populations, while ETI therapy showed 
mixed results (without reaching the significance levels).

The total bilirubin levels showed statistically significant 
increases in studies using ETI therapy in the two studies 
where they were reported (Table III). In contrast, under LI 
therapy the total bilirubin levels significantly declined in the 
two studies where they were reported. A similar pattern was 
observed for the direct bilirubin levels. There were significant 
increases under the ETI therapy, and significant decreases 
under the LI therapy. 

Two studies involving LI therapy show significant 
redctions in AP levels, suggesting an improvement in liver 
function (Table IV). In contrast, ETI therapy, in one study, was 
associated with an increase in AP levels, albeit not statistically 
significant. Albumin levels had a statistically significant 
increase in two studies, one using LI therapy and the other 
using ET therapy (Table IV). ETI therapy was associated 
with a slight statistically significant decrease in APRI, while 
LI therapy was associated with a slight statistically significant 
increase in APRI (Table IV).

Due to the high heterogeneity between the study results, 
with significant but contrary results, the meta-analyses could 
not be carried out for most of the biomarkers. 

Only for AST/ALT and albumin levels the meta-analyses 
results could be obtained (Table V). Concerning AST/ALT the 

meta-analysis was performed on the two cohorts of Schnell, 
2003, study that showed a non-significant increase.

The meta-analysis of the two studies presenting data on 
albumin levels showed a significant increase in albumin levels 
(Table V). As expected, the leave-one-out sensitivity analyses 
offered significant results no matter which study was excluded.

DISCUSSION

This review synthesized data from six studies encompassing 
195 patients, all conducted in Europe. We focused on the effects 
of cystic fibrosis therapies, primarily ETI and LI, on hepatic 
biomarkers. The transaminases levels showed inconsistent 
changes across the studies, with conflicting pattern regarding 
increases or decreases. Gamma glutamyltrasferase levels 
followed a similarly varied pattern, though significant decreases 
were observed in studies utilizing LI therapy, suggesting 
potential benefits of this treatment in reducing GGT levels. 
In contrast, ETI therapy presented mixed results without 
reaching statistical significance. The total and direct bilirubin 
levels exhibited a more consistent pattern: significant increases 
were noted in studies using ETI therapy, while LI therapy was 
associated with significant decreases. This dichotomy suggests 
possible differing impacts of these therapies on bilirubin 
metabolism. AP levels showed improvement under LI therapy, 

Table II. Evolution of AST and ALT in the selected studies
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M SD M SD M SD M SD

Schnell, 2023 6 10 Children ETI HM/HT 27.0 11.1 33.1 19.4 6.1 0.080 27.7 16.1 31.1 19.5 3.4 0.280

Schnell, 2023 6 10 Adult ETI HM/HT 22.7 7.8 21.8 1.0 -0.9 0.720 29.8 13.4 26.2 10.0 -3.6 0.420

Carnovale, 
2022

12 20 Adult ETI HT 20.6 9.4 28.5 18.4 7.9 <0.05 21.0 13.6 33.2 21.9 12.2 <0.05

Drummond, 
2022

12 28 Children LI HM 34.7 12.5 27.3 9.4 -7.3 0.010 32.0 15.6 23.7 12.5 -8.3 0.020

Gelzo, 2020 15 (6) 20 Adult LI HM 20.7 4.7 21.3 10.2 - - 21.0 6.4 23.3 9.6 - -

Castaldo, 2024 12 33 Adult LI HM - - - - - - 23.3 9.3 20.7 11.6 -2.7 <0.05

Tewkesbury, 
2024

21
(17-25)

74 Adult ETI HM/HT 26.3 9.1 27.3 9.8 1.0 0.870 - - - - - -

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ETI: elexacaftor/tezacaftor/ivacaftor; LI: lumacaftor/ivacaftor; M: mean; diff: difference; 
SD: standard deviation; HM: homozigote; HT: heterozygote; -: not reported.

Table III. Evolution of GGT, total and direct bilirubin in the selected studies

GGT (U/L) Total bilirubin (mg/dL) Direct bilirubin (mg/dL)

Before After Before After Before After

Study name M SD M SD M diff. p M SD M SD M 
diff.

p M SD M SD M 
diff.

p

Schnell, 2023 35.1 46.6 49.1 72.7 14.0 0.170 1.0 1.0 1.1 0.7 0.2 0.040 0.6 0.9 0.6 0.7 0.0 0.180

Schnell, 2023 23.2 11.5 23.4 9.1 0.2 0.930 0.6 0.3 0.8 0.4 0.2 0.010 0.3 0.1 0.3 0.2 0.1 0.040

Carnovale, 2022 15.1 8.6 17.6 15.8 2.5 - 0.5 0.3 1.1 0.9 0.6 <0.05 0.2 0.1 0.4 0.3 0.2 <0.05

Drummond, 2022 24.7 22.7 14.3 5.5 -10.3 0.010 0.4 0.2 0.3 0.1 0.0 0.030 - - - - - NA

Gelzo, 2020 14.0 6.4 16.0 9.6 - - 0.6 0.3 0.6 0.3 - - 0.3 0.1 0.3 0.1 - NA

Castaldo, 2024 15.3 7.7 14.0 8.5 -1.3 <0.050 0.6 0.3 0.4 0.1 -0.2 <0.05 0.3 0.1 0.2 0.1 -0.1 <0.05

Tewkesbury, 2024 - - - - - - - - - - - - - - - - - NA

GGT: gamma glutamyltransferase. For the rest of abbreviations see Table II.
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as evidenced by significant reductions in two studies, whereas 
ETI therapy was associated with a non-significant increase 
in AP levels. Albumin levels significantly increased under 
both therapies, indicating a positive effect on liver synthetic 
function. Meanwhile, APRI showed opposing trends, with 
ETI therapy resulting in a slight but significant decrease, and 
LI therapy leading to a slight significant increase. The meta-
analyses were largely constrained by the high heterogeneity 
across study results, limiting meaningful conclusions to AST/
ALT and albumin levels.

Recent study demonstrated that LI improves liver function 
tests and liver fibrosis indices in patients with pre-existing 
liver abnormalities. Lumacaftor/ivacaftor may be the first drug 
capable of reversing CF-associated liver fibrosis; however, 
larger multicenter studies incorporating imaging and/or 
histology are needed to confirm these findings [28].

In a recent case series study, it was noted that none of the 
participants exhibited elevations in ALT or AST exceeding 
three times the upper limit of normal in conjunction with total 
bilirubin levels surpassing twice the upper limit of normal. 
Additionally, no instances of transaminase elevation necessitated 
interruption or discontinuation of the study drug [29].

Several hypotheses can explain how ETI, and LI may 
improve hepatic function in patients with CF. These 
mechanisms focus on restoring the function of the CFTR 
protein, which plays a vital role in chloride ion transport, 
impacting multiple organs, including the liver.

One hypothesis might relate to CFTR modulation and 
hepatic ion transport. CFTR modulators improve chloride 
and bicarbonate secretion in the liver by correcting defective 
CFTR channels. This enhances bile flow and reduces bile duct 
blockages, which are common in CFLD. By improving bile 
secretion, CFTR modulators like ETI may decrease the risk 
of bile duct obstructions and cholestasis [30]. 

Another hypothesis points to reduction of inflammation 
and fibrosis. ETI therapy has shown to improve biomarkers of 
liver fibrosis, such as GGT and APRI. This indicates a reduction 
in liver fibrosis progression. In children treated with LI, 
reductions in these fibrosis markers were observed, suggesting 
a potential role in improving liver health by decreasing fibrotic 
activity in the liver [28].

Improvement in nutrient absorption might constitute 
another hypothesis. CFTR modulators have been linked to 
better nutrient absorption, which indirectly improves liver 
function by enhancing the overall metabolic state. Increased 
BMI and serum cholesterol levels, as observed in patients 
treated with ETI, suggest improved lipid metabolism, which is 
crucial for hepatic function and bile production [25].

A more interesting hypothesis related protection from 
biliary disease. While ETI has been associated with adverse 
events such as biliary colic, it may also reduce the incidence of 
severe liver complications by modulating the CFTR function 
and improving bile flow, reducing the risk of gallbladder 
diseases that are prevalent in CF patients [31].

Table IV. Evolution of AP, albumin and APRI in the selected studies

AP (U/L) Albumin (g/dL) APRI

Before After Before After Before After

Study name M SD M SD M 
diff.

p M SD M SD M 
diff.

p M SD M SD M 
diff.

p

Schnell, 2023 - - - - - - - - - - - - - - - - - -

Schnell, 2023 - - - - - - - - - - - - - - - - - -

Carnovale, 2022 113.2 49.5 128.7 61.4 15.5 n.s. 4.1 0.6 4.5 0.2 0.5 <0.05 - - - - - -

Drummond, 2022 - - - - - - - - - - - - 0.4 0.3 0.3 0.2 -0.1 0.010

Gelzo, 2020 108.7 16.0 70.7 19.1 -38.0 0.005 2.4 2.4 2.7 3.2 - - - - - - - -

Castaldo, 2024 107.3 16.3 70.7 21.7 -36.7 <0.05 4.3 0.2 4.5 0.4 0.2 <0.05 - - - - - -

Tewkesbury, 2024 - - - - - - - - - - - - 0.3 0.1 0.4 0.2 0.1 0.020

AP: alkaline phosphatase; APRI: aspartate aminotransferase to platelet ratio index; n.s.: not significant. For the rest of abbreviations see Table II.

Table V. Meta-analyses results concerning AST/ALT, albumin and GPR mean

Characteristic, effect 
size type

N 
studies

Effect size (95% CI) p-value I2 (95% CI) p-value Studies Leave one out

AST/ALT (U/L) 
mean, MD

2 0.08 (-0.02 - 0.17) 0.117 0 0.641 Schnell, 2023; Schnell, 
2023

- Schnell, 2023: 0.09 (-0.02-0.2), 
p=0.116;

- Schnell, 2023: 0.04 (-0.14-
0.22), p=0.66

Albumin (g/dL) 
mean, MD

2 0.26 (0.04 - 0.47) 0.019 16.5 0.274 Carnovale, 2022; 
Castaldo, 2024

- Carnovale, 2022: 0.2 (0.01-
0.39), p=0.042;

- Castaldo, 2024: 0.47 (0.03-
0.9), p=0.036

GPR mean after, 
MD

1 0.19 (-9.34 - 9.72) 0.969 NC Tewkesbury, 2024 NC

M: mean; MD: mean difference; SD: standard deviation; CI: confidence interval; NA: not applicable; NC: not calculable; I²: heterogeneity indicator.
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Limitations
This review has several limitations that should be 

acknowledged. First, the included studies showed significant 
heterogeneity in study design, varying follow-up durations, 
patient characteristics, genotypes, and the specific biomarkers 
measured, which limited the ability to perform comprehensive 
meta-analyses. The small sample sizes diminished the study 
power. All studies were published in Europe, thus affecting 
the generalizability of the findings.

Strengths
Despite these limitations, this review also has several 

strengths. It provides a comprehensive synthesis of the current 
evidence on the impact of CFTR modulators on liver function, 
covering numerous hepatic biomarkers across different patient 
populations. This review also highlights important trends 
and potential differential effects of ETI and LI therapies on 
liver biomarkers, offering valuable insights for clinicians and 
researchers involved in the management of cystic fibrosis. 

Clinical Implications
The findings from this review highlight the need for 

personalized monitoring of liver function in cystic fibrosis 
patients undergoing ETI or LI therapies. The significant 
increases in bilirubin levels associated with ETI therapy suggest 
that clinicians should closely monitor liver enzymes and 
bilirubin, particularly in patients with existing liver conditions. 
Conversely, LI therapy‘s consistent improvements in GGT and 
AP levels may make it a preferable option for patients with 
liver concerns. Regular liver function assessments are crucial 
to ensure the safety and efficacy of these treatments, and 
treatment protocols should be adjusted based on individual 
patient responses.

CONCLUSIONS

This review highlights the complex and varied impacts of 
cystic fibrosis therapies, specifically ETI and LI, on hepatic 
biomarkers. The findings from six studies involving 195 
patients demonstrate significant heterogeneity, with mixed 
results observed across key markers such as ALT, AST, GGT, 
bilirubin, AP, and albumin levels. Notably, LI therapy showed 
a more consistent trend toward improving liver function, as 
evidenced by significant reductions in GGT and AP levels, and 
decreases in bilirubin levels, while ETI therapy was associated 
with increases in bilirubin levels and a non-significant rise in 
AP levels.
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