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 Highlights 

 

The effects of lumacaftor-ivacaftor on CFTR associated liver disease remain unclear. 

We investigated the effect of lumacaftor-ivacaftor in Cystic Fibrosis patients with liver 

involvement.  

Gammaglutamyl transferase level improved significantly during 1 year follow up.  

This was not correlated with any change in liver imaging. 

These findings may suggest a potential benefit of CFTR modulators on CF liver disease. 
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Abstract  

Background. The effects of lumacaftor-ivacaftor on cystic fibrosis transmembrane 

conductance regulator (CFTR)-associated liver disease remain unclear. The objective of the 

study was to describe the effect of this treatment on features of liver involvement in a cystic 

fibrosis (CF)  adolescent population homozygous for F508del.  

Methods. Clinical characteristics, liver blood tests, abdominal ultrasonography (US), and 

pancreas and liver proton density fat fraction (PDFF) by magnetic resonance imaging, were 

obtained at treatment initiation and at 12 months for all patients. Biomarkers of CFTR 

activity (sweat chloride test, nasal potential difference, and intestinal current measurement) 

were assessed at initiation and at 6 months therapy. 

Results. Of the 37 patients who started  ivacaftor/lumacaftor treatment, 28 were eligible for 

analysis. In this group, before treatment initiation, 4 patients were diagnosed with 

multinodular liver and portal hypertension, 19 with other forms of CF liver involvement, and 

5 with no signs of liver involvement. During treatment, no hepatic adverse reactions were 

documented, and no patient developed liver failure. Serum levels of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) and gammaglutamyl transferase (GGT) decreased 

significantly following initiation of lumacaftor-ivacaftor, and remained so after 12 months 

treatment. This was not correlated with changes in clinical status, liver and pancreas US and 

PDFF, fecal elastase, or lumacaftor-ivacaftor serum levels. The most “responsive” patients 

demonstrated a significant increase in biomarkers of CFTR activity. 

Conclusions. These results may suggest a potential beneficial effect of CFTR modulators on 

CF liver disease and warrant further investigation in larger, prospective studies. 
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SCT: Sweat Chloride Test 
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Introduction  

Cystic fibrosis (CF) is a progressive genetic disease affecting around 100,000 children and 

adults worldwide [1]. This disease is due to mutations in the cystic fibrosis transmembrane 

conductance regulator (CFTR) whose most common mutation is p.Phe508del (F508del). This 

mutation causes abnormal folding of the CFTR protein and its early degradation by the 

proteasome [2,3]. Correction of the F508del processing defect in F508del homozygous 

patients by the therapeutic association of lumacaftor, a CFTR corrector, and ivacaftor, a 

CFTR potentiator, improves lung function and nutritional status and reduces incidence of 

pulmonary exacerbations [4–7]. Determining the impact of CFTR modulators on 

extrapulmonary disease is of critical importance, particularly on liver disease, the third cause 

of death after respiratory failure and transplantation-related complications in patients with CF 

[1]. Liver involvement in CF patients shows considerable variability in expression and 

severity, including hepatobiliary involvement (such as focal biliary fibrosis, multilobular 

cirrhosis), obliterative portal venopathy, steatosis and other liver abnormalities resulting from 

infections, long-term antibiotic therapy, diabetes, nutritional deficiencies, hypoxemia, or 

hepatic congestion from right-side heart failure [8]. However, the pathogenesis of 

hepatobiliary disease in CF and the reason why focal biliary fibrosis progresses to 

multilobular cirrhosis in a minority of 5–10% patients remain poorly understood [9,10]. A 

sustained increased level of gammaglutamyl transferase (GGT) is the unique predictive 

biological marker of progression towards cirrhosis that has been identified to date [11,12]. 

Importantly, no therapy (including ursodeoxycholic acid) has proven effective to prevent or 

halt the progression of liver disease towards cirrhosis and portal hypertension [13]. 

Paradoxically, very few data documenting liver outcomes whilst on CFTR modulators have 

been reported, probably because severe liver disease was an exclusion criterion in CFTR 

modulator trials. A recent study including 39 homozygous F508del patients reported a 

decrease in serum levels of alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), gammaglutamyl transferase (GGT) and bilirubin a year after lumacaftor-ivacaftor 

initiation and a second study including 20 F508del homozygous patients suggested an 

improvement in hepatic steatosis [14]. There has been no study reported to date, focusing on 

the evolution of liver outcomes in patients treated by lumacaftor-ivacaftor therapy.  

The objective of the study was to describe the effect of lumacaftor-ivacaftor treatment in a 

homozygous F508del adolescent population, in particular on features of liver involvement in 

CF. Changes in respiratory and pancreatic status and their correlation to CFTR epithelial 

function restoration, liver biochemistry, abdominal Ultra Sound(US) and proton density fat 
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fraction (PDFF) of the liver measured by magnetic resonance imaging (MRI), were also 

evaluated.  

 

Patients and Methods 

Study population 

This study was conducted in the pediatric CF-center of the University Hospital Necker-

Enfants Malades (Paris, France). All F508del homozygous patients aged 12 years and older, 

with a sweat test above 60 mmol/L who started lumacaftor-ivacaftor therapy between August 

1, 2013 and December 31, 2017 were included in the study. Patients who received 

lumacaftor-ivacaftor in our center were part of the TRAFFIC Vertex and the BIO-CFTR trial 

(ClinicalTrials.gov NCT 02965326), approved by the Ile de France 2 Ethics Committee.  

Informed consent was obtained from legal guardians for each child participating in the 

studies, and included the possibility to conduct post-hoc analysis on the data collected during 

the studies. Patients who could not complete the evaluation at 12 months were excluded from 

the analysis.  

 

Investigations 

Patients were evaluated at initiation of lumacaftor-ivacaftor (M0) and at 12 months (M12). 

Main clinical features including body mass index (BMI), percent predicted expiratory volume 

in 1 second (ppFEV1) and number of days on antibiotics were recorded. Liver tests, 

abdominal US, liver and pancreas MRI were performed at M0 and M12. For the purpose of 

the study, liver tests were also recorded at 12 months preceding the initiation of lumacaftor-

ivacaftor (M-12) and 6 months after initiation (M6). We also considered the AST to Platelet 

Ratio Index (APRI) and Fibrosis-4 index (FIB-4), commonly used as surrogates for advanced 

liver fibrosis [15–17]. The upper limits of normal (ULN) for ALT were set at 32 IU/L and 26 

IU/L, for AST at 42 IU/L and 37 IU/L, for GGT at 25 IU/L and 17 IU/L, in males and 

females, respectively [18].  

Sweat Chloride Test (SCT), fecal elastase and blood concentrations of lumacaftor and 

ivacaftor (peak and residual measured by Liquid Chromatography/Mass Spectrometry) were 

assessed at M0 and M6 as previously described [7,19–21]. Additionally, patients completed a 

Nasal Potential Difference test (NPD) and rectal biopsy for Intestinal Short-Circuit (Isc) 

current measurement (ICM) at initiation and 6 months treatment to assess CFTR activity [7].  
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All US examinations were reviewed by a single radiologist (JD) to minimize inter-observer 

variability. Hepatomegaly and splenomegaly were defined according to previously published 

ranges [22,23]. 

All MRI scans were reviewed by 2 radiologists in consensus (JD and LB). MRI was 

performed on a 1.5T scanner (Optima MR450, General Electric Healthcare, Milwaukee, 

USA), including axial Fat-Suppressed T2-weighted sequences with Periodically Rotated 

Overlapping Parallel Lines with Enhanced Reconstruction (PROPELLER) and quantification 

of PDFF, using freehand whole-liver or whole-pancreas Region Of Interest (ROI) (region of 

interest) on Iterative Decomposition of water and fat with Echo Asymmetry and Least 

sQuares estimation). IDEAL-IQ sequences (IDEAL-IQ: Cut-off values for hepatic steatosis 

grades 1, 2 and 3 were 4.1, 15.7 and 20.9, respectively[24].  

Patients were assigned to one of the three following groups according to the phenotypic 

classification adapted from Debray et al presented in Table S1 : multinodular liver (based on 

US definition), liver involvement without multinodular liver, or no evidence of liver 

involvement [25]. Portal hypertension was considered in any patient with splenomegaly at 

physical exam and/or imaging, with signs of hypersplenism such as thrombocytopenia 

(platelets < 150 G/L) and/or a progressive decline overtime in the platelet count, evidence of 

portosystemic collaterals at ultrasound or MRI, reversal of the portal flow at US, and/or the 

presence of gastrointestinal varices or hypertensive gastropathy whenever an 

eosogastroduodenoscopy was performed [25, 26]. Liver involvement without multinodular 

liver was defined by 1 or more of the following features: hepatomegaly, abnormal ALT or 

GGT (> 1.5 x ULN), imaging abnormalities (US increased homogeneous or heterogeneous 

echogenicity pattern), hepatic steatosis or fibrosis biopsy proven, and/or isolated portal 

hypertension. Patients with normal examination, imaging, ALT and GGT were considered to 

have no liver involvement.  

 

Statistical analysis 

Changes in the mean AST, ALT, GGT, and bilirubin levels at the four endpoints (M-12, M0, 

M6, M12) from the 28 patients included in the analysis are presented as median and 

interquartile (Q1-Q3). They were analyzed with repeated measures ANOVA, and the 

Bonferroni’s multiple comparison test was used to compare all pairs of endpoints. Wilcoxon 

matched-pairs signed rank test was used to compare the differences in weight, height, BMI Z-

score, ppFEV1, and CFTR activity biomarkers (SCT, NPD and ICM measurements) before 

and after the introduction of lumacaftor-ivacaftor. A Spearman Rank correlation test was 
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used to evaluate the correlations between measures of CFTR biomarkers and changes in 

GGT, ALT, and PDFF across time.  

All the statistical tests were performed on SAS version 9.3 software (SAS Institute, Inc, Cary, 

NC). They were two-sided with a significant threshold of 5%. Graphics were performed on 

GraphPad prism software v5.03 (La Jolia, California). 

 

Results 
 

1. Main characteristics of the study population 

Of the 37 patients who started on lumacaftor-ivacaftor treatment in our center, 28 were 

eligible for analysis. The nine patients excluded from the analysis included five patients who 

stopped the treatment prematurely between 6 and 11 months because of lack of efficacy 

(n=3), chest tightness (n=1), interaction with anti-mycobacterial treatment (n=1), and 4 

patients who moved to another center during the study period (Figure 1). The characteristics 

of all patients, including the 9 patients excluded from the analysis, are presented in Table S2.   

Among the 28 patients eligible for analysis (13 males, 15 females), 4 patients were diagnosed 

with multinodular liver and portal hypertension, 19 with other forms of CF liver involvement, 

and 5 with no signs of liver involvement. Their characteristics and the results of their liver 

assessment at M0 and M12 are presented in Tables 1 and 2, respectively. Patients were on 

average 14.4 years old at inclusion. One patient had CF-related diabetes.  

There was no significant improvement for any clinical or respiratory function parameter 

following lumacaftor-ivacaftor therapy, apart for BMI. Fecal elastase was undetectable at the 

initiation of the treatment and did not vary over time. Fourteen patients had quantification of 

pancreas PDFF by MRI at both M0 and M12. The median (Q1-Q3) pancreas PDFF did not 

change significantly between M0 (64% (42-74)) and M12 (72% (51-77)). 

The values of the SCT (n=26, p<0.01), and the response to forskolin at ICM (n=12, p=0.04) 

were significantly improved at M6, whereas changes in ΔlowCl−/Iso values did not reach 

statistical significance (n=17, p=0.06)  (Table 1).  Peak and residual blood concentrations of 

lumacaftor and ivacaftor were obtained in 14 patients at M6, and were similar across groups  

(Table S3). 

 

2. Liver outcomes under lumacaftor-ivacaftor therapy 

No hepatic adverse events occurred during treatment, therefore neither drug withdrawal nor 

dose reduction were necessary. Follow up included observation for any possible significant 
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rise in transaminases or in serum bilirubin levels (up to 3 times the ULN), or progression to 

liver failure or liver decompensation with ascites.  None of these were observed during the 

follow up period. 

GGT levels had significantly decreased at 12 months following introduction of treatment 

(Table 2, Figure 2). The same profile was observed for ALT, AST and bilirubin in the whole 

cohort and in the large group of patients with liver involvement without multinodular liver. 

Twenty-three patients underwent abdominal US at both M0 and M12. US findings remained 

unchanged in 19 patients. In the 4 remaining patients, US examinations showed: resolution of 

the pre-treatment abnormalities of the liver pattern in 3 (i.e homogenous increased 

echogenicity (n=1) or heterogeneous pattern (n=2), and appearance of homogeneous 

increased echogenicity of the liver in 1 (Figure S1).   

Thirteen patients underwent quantification of liver PDFF at both M0 and M12. The median 

(Q1-Q3) liver PDFF values did not change significantly between M0 (7% (5-10)) and M12 

(6% (5-8)) (Figure 3). However, interestingly, 2 patients demonstrated a marked decrease in 

PDFF values from grade 3 to grade 1 (from 28% to 7% and from 21% to 7% respectively), 

despite unchanged US findings (normal echogenicity in one and increased homogeneous 

echogenicity in the other) between M0 and M12. These 2 patients also normalized GGT and 

ALT levels after initiation of therapy and were considered as “responders” based on a marked 

increase in ppFEV1 (+17% and +19% respectively) and a significant improvement in 

ΔlowCl−//Iso values (-13.8 mvolt and -3.8 mV respectively). By contrast, a 13-year-old male 

showed an increased PDFF value from 6% to 13% in association with the appearance of 

increased homogeneous echogenicity on US at M12. He was considered as a non-responder 

based on minimal improvement in lung function. 

Changes in ALT and GGT were not correlated with modifications in liver imaging (PDFF, 

US echogenicity), nutrition (BMI z-score), respiratory disease (number of antibiotic days, 

ppFEV1), pancreatic status (fecal elastase, pancreas PDFF) or CFTR biomarkers (choride 

sweat concentration, ΔLowCl−/Iso and ΔForskoline ) (Table S4). 

 

Discussion 

This study is the first to provide a comprehensive assessment of liver involvement over a 12 

month period following the initiation of lumacaftor-ivacaftor. Serum levels of GGT, AST, 

ALT, Bb and APRI scores improved significantly from initiation of therapy and remained 

lower until last follow-up at 12 months. Those changes were not correlated with changes in 

liver or pancreas PDFF, lumacaftor-ivacaftor serum levels, fecal elastase, antibiotic use and 
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biomarkers of CFTR activity. Importantly, in the patients with cirrhosis no hepatic adverse 

reactions were documented, and no patient developed liver failure at full dose.  

Results of liver tests have previously been reported in randomized controlled studies of 

CFTR modulators to assess hepatic adverse events [4,27]. These studies, which reported 

increased serum ALT/AST levels in 5% of treated patients, excluded patients with cirrhosis. 

We did not observe any liver-related adverse event in the 4 adolescents with multinodular 

liver and portal hypertension who received lumacaftor-ivacaftor at full dose. Two had serum 

levels of lumacaftor-ivacaftor monitored, which remained within previously reported ranges. 

This observation is in line with a recent report of 4 pediatric F508del homozygous patients 

suffering from severe liver disease who were initiated with half a dose of ivacaftor-

lumacaftor. Liver parameters remained stable during the initial study period and patients are 

currently being investigated on a full-dose regimen [28].  

 Overall, we observed a significant decrease in AST, ALT, GGT and Bb levels during the 

first year following initiation of lumacaftor-ivacaftor therapy, whereas they were persistently 

higher during the 12 months preceeding the initiation of therapy. This profile was observed at 

the statistical level in the most important group of patients, with liver involvement without 

multinodular liver (n=19). Interestingly enough, the  decrease was more pronounced in the 

group of patients with multinodular liver and portal hypertension, than in the groups of 

patients with other forms of CF liver involvement, or no liver involvement. Indeed, one of the 

most relevant finding in this study is the reduction in GGT in multinodular liver group from a 

mean of 50 to 23IU/L. The limited number of patients does not allow to analyse the 

improvement of liver tests at 12 months follow up in the different groups. These results 

warrant further investigation with larger sample size in each group to confirm improvement 

of liver tests in patients with liver disease.  

Interestingly, a similar decrease in ALT and GGT was reported by Paluck and Linnane who 

studied the evolution of 39 homozygous F508del patients with repeated measurements of 

liver tests before and after initiation at 3, 6, 9 and 12 months [29]. Interestingly, the APRI and 

FIB-4 indexes which are surrogates of advanced liver fibrosis also decreased  significantly 

[30,31]. 

We investigated the potential mechanisms underlying this decrease in liver tests. It is unlikely 

to be related to a decrease in hepatic steatosis as there was no correlation either with liver 

PDFF changes or evidence of steatosis by US. Thus, we do not confirm the observation by 

Kutney et al of a reduction in hepatic steatosis based on MRI-PDFF in patients treated with 
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lumacaftor-ivacaftor [14]. However, as only 2 of our patients had a liver PDFF at grade 2 or 

more, this might limit our ability to show significant decreases in steatosis. 

Given that increased GGT levels are a feature of cholangiopathy, we propose that our 

observed decrease in GGT levels might reflect reduced biliary injury. Indeed, CFTR 

expression in the hepatobiliary system is restricted to the apical membrane of cholangiocytes 

lining the intra- and extrahepatic bile ducts. Studies, recently reviewed by Debray et al [10] 

and Fiorotto et al [32] support the hypothesis that the loss of CFTR in the biliary epithelium 

not only alters the Cl- driving force necessary for ductular biliary secretion but also affects 

innate immune response to endotoxins coming from the intestine. This in turn triggers a pro-

inflammatory response, leading to peribiliary inflammation and fibrosis. There is also 

evidence that the loss of CFTR in the intestine promotes gut dysbiosis, and therefore 

intestinal inflammation, endotoxinemia, and cholangiopathy [33]. We thus hypothetize that 

the decrease in GGT levels with lumacaftor-ivacaftor therapy results, at least partially, from 

correction of CFTR in the biliary epithelium and in the intestinal mucosa. Indeed, reduced 

intestinal inflammation with lumacaftor-ivacaftor was recently reported in CF patients [34]. 

Strikingly, the most “responsive” patients in our study also demonstrated a significant 

increase in CFTR activity following initiation of lumacaftor-ivacaftor, in sweat glands, rectal 

mucosa and at a nearly significant level in the nasal mucosa. Moreover NPD and ICM 

changes provided the highest correlation coefficient with GGT and ALT changes but this did 

not reach statistical significance, possibly due to the limited number of patients. An 

additional benefit of lumacaftor-ivacaftor might also be the prevention of obliterative portal 

venopathy, often associated with chronic inflammation [35]. Further studies assessing serum 

or intestinal bile acids, FGF-19 or C4 levels may provide mechanistic insights to explain the 

decrease in GGT levels with CFTR modulator therapy.  

The main limitations of this study are its retrospective design and the absence of a control 

group which precludes conclusions regarding causality between lumacaftor-ivacaftor therapy 

and the observed results. However, the evolution of liver enzymes over time, from stable 

levels during the year before treatment, to lower levels following treatment, would strongly 

suggest a positive effect of lumacaftor-ivacaftor therapy on CFTR-related cholangiopathy. 

Furthermore, outcome measures were not statistically adjusted for multiple comparisons. 

Thus, the results of the present study should be interpreted as hypothesis-generating only, and 

further investigation in dedicated trials are warranted. Finally, although the decrease in liver 

tests was most pronounced in the 4 patients with multinodular liver and portal hypertension, 

their values at initiation of treatment were lower than those reported in other patients with 



   

12 

 

more advanced disease [16]. It currently remains unclear whether the lumacaftor-ivacaftor 

combination may also have a beneficial effect in patients with more advanced disease. 

 

In conclusion, this study shows that lumacaftor-ivacaftor therapy in F508del homozygous 

adolescents is associated with a sustained decrease of liver blood tests, especially GGT. 

These results are suggestive of a potential beneficial effect of CFTR modulators on CF liver 

disease and larger prospective studies are warranted to confirm these findings and evaluate if 

CFTR modulators can indeed change the course of CF liver disease for the better.  

 

Word count:  2911 words  
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Figure legends 

Figure 1. Flow-chart of the patients included in the study.  

ITT: intention to treat. 

 

Figure 2. Evolution of mean AST, ALT, GGT, and bilirubin levels before and after 

introduction of lumacaftor-ivacaftor for patients included in the per protocol analysis. 

AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT gamma-glutamyl 

transferase; Mo: months. Only patients with no missing value at any endpoint are represented 

on the graphs. The number of patients was n=25 for AST; n=26 for ALT; n=26 for GGT, and 

n=25 for bilirubin. Dotted lines represent the upper limit of normal values. p<0.001 for all 

intergroup comparisons; *p<0.05 for Bonferroni's multiple comparison test.  

 

Figure 3. Evolution of the liver proton density fat fraction (PDFF) of the liver before 

(M0) and 12 months after (M12) initiation of lumacaftor-ivacaftor therapy. 

 

 

  



Table 1. Characteristics of patients before and 12 months after initiation of lumacaftor-ivacaftor therapy.  

Mo: months. ppFEV1: percent predicted forced expiratory volume in one second;  SCT: Sweat Chloride Test; ΔNPD Low Cl−/Iso: sum of the response to perfusion of low Cl− solution and 10 

μM isoproterenol during the nasal potential difference test (NPD); Δ Forskolin: response to forskolin at the Intestinal Current Measurement (ICM). * The SCT, NPD and ICM were performed 

at M6.  

Characteristics 

Median  

(Q1;Q3) 

All patients 

n=28 

Multinodular liver 

n=4 

Liver involvement without  

multinodular liver   

n=19 

No liver involvement 

n=5 

 M0 M12 p M0 M12 M0 M12 M0 M12 

Sex M/F 13/15  2/2 10/9 1/4 

          

Age 14.4  

(13.0;16.2) 

15.4  

(14.8;17.5) 

 14.3  

(13.0;17.0) 

15.2  

(14.0;18.3) 

14.3  

(12.8;14.8) 

15.4  

(14.7;16.2) 

15.4 

(12.2;18.5) 

17.2  

(13.6;19.5) 

          

Weight (Z-score) -0.6  

(-0.9;-0.1) 

-0.4  

(-0.7;0.2) 

<0.01 -0.4  

(-0.8;-0.1) 

0.0  

(-0.5;0.2) 

-0.5  

(-0.9;0.1) 

-0.2  

(-0.7;0.3) 

-0.7  

(-2.0;-0.5) 

-0.7  

(-1.3;-0.4) 

 

Height (Z-score) -0.5  

(-1.0;0.2) 

-0.7  

(-1.3;0.2) 

0.58 -0.3  

(-2.1;1.1) 

-0.3  

(-1.9;0.8) 

-0.6  

(-0.9;0.2) 

-0.7  

(-1.3;0.1) 

-0.2  

(-0.8;0.1) 

-0.2  

(-0.9;0.3) 

 

Body mass index (Z-score) 

 

-0.6  

(-1.2;0.1) 

-0.3  

(-0.9;0.1) 

<0.01 -0.7  

(-1.3;0.7) 

-0.4  

(-0.4;0.7) 

-0.5  

(-1.1;0.1) 

-0.1  

(-0.9;0.5) 

-1.2  

(-2.0;-0.6) 

-1.0  

(-1.5;-0.3) 

          

Days of antibiotics  

(12 months before/after) 

60  

(30;110) 

41  

(15;75) 

0.07 67 

 (30;155) 

45  

(4;154) 

75  

(30;135) 

45  

(15;75) 

45  

(4;45) 

30  

(8;87) 

          

ppFEV1 (%) 69  

(51;88) 

73  

(48;95) 

0.12 64  

(56;83) 

55  

(44;89) 

71  

(51;89) 

86  

(51;95) 

76  

(41;89) 

67  

(46;92) 

          

SCT*  

(mmol/L) 

104  

(94;110) 

(n=26) 

78   

(66;99) 

(n=26) 

<0.01 104  

(98;108) 

(n=4) 

56  

(31;72) 

(n=3) 

104 (34;110) 

(n=17) 

82  

(66;102) 

(n=18) 

104  

(92;113) 

(n=5) 

87  

(67;100) 

(n=5) 

          

ΔNPD Low Cl−/Iso*  

(mV)  

1.0  

(-4.9;2.9) 

(n=17) 

-4.5  

(-7.6;0.2) 

(n=17) 

0.06 2.1 (0.1;3.1) 

(n=3) 

0.5  

(-7.0;5.0) 

(n=3) 

1.4  

(-5.8;4.7) 

(n=12) 

-6.2  

(-7.9;-2.4) 

(n=11) 

-2.3  

(-5.7;1.2) 

(n=2) 

1.7 

 (-4.6;6) 

(n=3) 

          

Δ Forskolin* 

(μA/cm2) 

 

2.3  

(-3.6;4.3)  

(n=12) 

10.8  

(1.6;14.2) 

(n=12) 

0.04 3.6   

(n=1) 

-4.0 

(n=1) 

2.3 

(-4.5;4.5) 

(n=10) 

12.8  

(7.2;18.1) 

(n=9) 

-3.1 

 

(n=1) 

4.5  

(-0.8;9.7) 

(n=2) 
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Table 2. Liver assessment of patients before and 12 months after initiation of lumacaftor-ivacaftor therapy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT gamma-glutamyl transferase; APRI: AST to Platelet Ratio; Fib-4: Fibrosis-4. 

 

Characteristics 

Median  

(Q1;Q3) 

All patients 

n=28 

Multinodular liver 

n=4 

Liver involvement 

without multinodular 

liver 

n=19 

 No liver involvement 

n=5 

 M0 M12 p M0 M12 M0 M12 p M0 M12 

           

GGT (IU/L) 19  

(13;42) 

14  

(11;18) 

<0.01 50  

(23;98) 

23  

(18;52) 

17  

(13;45) 

14  

(11;18) 

0.009 13  

(8;20) 

11  

(9;13) 

           

ALT (IU/L) 30  

(23;43) 

21  

(17;33) 

0.02 45  

(23;80) 

36  

(23;42) 

31  

(25;45) 

21  

(17;33) 

0.04 27  

(21;30) 

19  

(13;28) 

           

AST (IU/L) 34  

(27;43) 

26  

(22;34) 

<0.01 48  

(33;63) 

37  

(29;51) 

34  

(27;41) 

26  

(21;32) 

0.02 31  

(28;42) 

26  

(17;35) 

           

Bilirubin 

(mmol/L) 

6  

(4;8) 

5  

(4;7) 

0.03 7  

(5;20) 

7  

(5;9) 

6  

(4;8) 

5  

(4;7) 

0.04 5  

(4;5) 

4  

(2;7) 

           

APRI 0.35  

(0.21;0.54) 

0.24  

(0.16;0.36) 

<0.01 0.79  

(0.60;1.72) 

0.64 

(0.45;1.34) 

0.31 

(0.17;0.47) 

0.24  

(0.15;0.29) 

0.01 0.34  

(0.25;0.41) 

0.21  

(0.14;0.34) 

           

Fib-4 0.37  

(0.25;0.50) 

0.31  

(0.18;0.53) 

0.05 0.75  

(0.44;1.65) 

0.74 

(0.57;1.15) 

0.29  

(0.19;0.44) 

0.28  

(0.18;0.35) 

0.17 0.36  

(0.31;0.52) 

0.20  

(0.18;0.52) 

           

PDFF liver (%) 7  

(5;10) 

(n=13) 

6  

(5;8) 

(n=13) 

0.14 7  

(5;8) 

(n=3) 

5  

(5;11) 

(n=3) 

7  

(6;16) 

(n=9) 

6  

(5;8) 

(n=9) 

0.09 5 

 

(n=1) 

2 

 

(n=1) 

           

PDFF pancreas 

(%) 

64  

(42;74) 

(n=14) 

72  

(51;77) 

(n=14) 

0.80 63  

(28;76) 

(n=3) 

70  

(16;82) 

(n=3) 

70  

(47;74) 

(n=9) 

73  

(50;76) 

(n=9) 

0.33 48  

(36;60) 

(n=2) 

67  

(54;79) 

(n=2) 
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