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Abstract

Aims

In clinical trials, elevated liver transaminase levels in patients taking lumacaftor/ivacaftor therapy were
reported. Our aim was to assess in clinical practice, whether F508del homozygous paediatric CF patients
had a derangement of liver functions tests (LFTs) while on lumacaftor/ivacaftor therapy.

Methods
A retrospective chart review audit in a single CF centre.

Results

Thirty-nine (43%) patients out of 91 CF clinic patients met criteria to start treatment. We observed a
statistically significant decrease in ALT, ALP, GGT and total bilirubin levels, and no change in AST levels
during first 3 months of treatment. In two patients (5%) AST levels rose to greater than three times the
upper limit of normal (ULN) during treatment, however, these levels then decreased with continued use.
A similar trend of improved LFTs was seen in a subgroup of patients with pre-existing liver disease
(6/15.4% of patients). No patients died or experienced hepatic encephalopathy.

Conclusion
Our results were unexpected and encouraging. They suggest that, although the clinical trials report a risk
of derangement of LFTs, the risk appears to be low.
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Introduction

Cystic Fibrosis (CF) is a genetic, multi-system condition, with progressive lung disease resulting in early
death?. Ireland has the highest incidence of CF in the world and one in 19 people carry a defective gene?.
The most common Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) variant is F508del and
in Ireland 55% of patients are F508del homozygous?.

The combination of lumacaftor (a CFTR corrector) and ivacaftor (a CFTR potentiator) is licensed for the
treatment of patients with CF who are homozygous for the F508del mutation. It became available in
Ireland to patients 12 years and older in 2017, and to patients aged 6-11 years in early 2018. Prior to this,
select patients, with advanced disease, were able to receive the drug on a “managed access programme”
(MAP). In clinical trials, serious adverse reactions related to elevated liver transaminase levels were
reported 35. Consequently, it is recommended that serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and bilirubin are monitored prior to initiating the drug, and every three months
for the first year of treatment, then annually. In patients with raised LFTs at baseline, more frequent
monitoring is recommended, but not defined. Patients with significant liver disease were excluded from
the original clinical trials3>. The aim of this study was to ascertain if F508del homozygous paediatric CF
patients had a derangement of LFTs while on lumacaftor/ivacaftor therapy in the first year after
treatment, in the “real world” setting of a paediatric CF clinic.

Methods

This study was conducted at the University Hospital Limerick (UHL) Paediatric CF unit. This is a
retrospective chart review performed as an audit process in July 2018. Homozygous F508del patients
attending the unit, who fulfilled the criteria to start lumacaftor/ivacaftor combination therapy, were
identified from the clinic patient database, and their medical notes were reviewed.

The following variables were extracted from the medical records for each patient: date of birth, gender,
date and age at initiation of treatment, cohort (12 years and older, 6-11 years old), dose cohort. Patients
aged 12 years and older started on the higher dose (lumacaftor 200mg/ ivacaftor 125mg, two tablets
twice daily) and patients aged 6-11 years started on the lower dose (lumacaftor 100mg/ivacaftor 125mg
two tablets twice daily). In an effort to reduce the risk of chest discomfort and transient decrease in lung
function at the initiation of treatment, we instigated a local policy of starting with one tablet twice daily
for the first week, increasing to two tablets in the morning, and one in the evening for the second week,
before increasing to the final, steady state dosing of two tablets twice daily from the third week onwards.
The LFTs included: AST, ALT, alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT) and bilirubin.
Results at baseline, three, six, nine and 12 months of treatment were extracted. At the time of our study,
none of our patients had been on treatment for longer than a year. To aid comparisons across time,
blood levels taken within six weeks of a set time point were included in that time point (ie. three months
+/- six weeks).



Patients with pre-existing CF liver disease (CFLD) were also identified. These patients had been assessed
for, and diagnosed with, CFLD at the national CFLD specialist centre, at Our Lady’s Children’s Hospital
Crumlin (OLCHC), Dublin. This sub-group had more frequent monitoring in the initial weeks after
initiation of treatment. As the medication product leaflet does not describe a monitoring system for
patients with CFLD, a local protocol was devised with the following time intervals: at baseline, then at the
two, four, six and 12 weeks, and, if stable, patients were followed as per the standard recommendations
of every third month, until 12 months and then annually.

Data was analyzed using SPSS. Excel was used to graph the data. Distribution was determined using a
combination of histogram and box-plot analysis and the Shapiro-Wilk test for normality (p-value <0.05). If
the data had a skewed distribution, then it was compared using the Wilcoxon signed-rank non-parametric
test for related data, with each patient compared to their previous level. If the data were normally
distributed, then a paired samples t-test was used to compare the data. A p-value <0.05 was deemed
statistically significant. The UHL Audit Office reviewed the protocol and endorsed the study.

Results

From a total clinic of 91 paediatric patients with CF we identified 42 (46%) who were F508del
homozygous and over six years of age. Three children did not start treatment (7%); one (2%) was post
lung transplant, one was listed for liver transplant (2%), and one was recruited into a tezacaftor/ivacaftor
clinical trial (2%).

There were 39 patients who fulfilled the criteria to start treatment at time of study in July 2018. See
Table 1 for patient demographics. All 39 initiated, and continued, treatment during the study period. No
patients died, and none experienced liver failure, hepatic encephalopathy or jaundice during the study.
Two patients received treatment as part of the MAP (5%). The patients aged 12 years and older were
started on the higher dose (lumacaftor 200mg/ ivacaftor 125mg) and the patients aged 6-11 years were
started on the lower dose (lumacaftor 100mg/ivacaftor 125mg). Prior to initiation of treatment, all
patients had LFTS checked, however, two patients (5%) had no AST level reported due to lab error. There
were 34 patients (87%) who had completed three months of treatment, 18 (46%) completed six months,
16 (41%) completed nine months and 13 (33%) completed 12 months at data collection.

Table 1: Demographics of CF patients at UHL Paediatric CF clinic. CFLD: Cystic Fibrosis Liver disease.

All patients (n=39) CFLD (n=6)
Average age (years) 11.1 12.3
Male sex 21 (54%) 4 (67%)
>12yo 18 (46%) 4
6-11yo 20 (51%) 2




Figure 1 displays the median levels for AST, ALT, ALP, GGT at each timepoint. AST, ALT, GGT all remained
steady and within the normal reference range, with ALP having an overall graphical trend towards

normalization of values.

Figure 1: AST, ALT, ALP, GGT median levels graphed at each time point. Median was used due to skewed
distributions. Normal values: AST (5-34 1U/L), ALT (10-55 IU/L), ALP (47-175 IU/L), GGT (9-36 1U/L).
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Figure 2 displays the total bilirubin levels for all patients and those specifically with CFLD. Overall, the
bilirubin levels remained within normal range throughout treatment.



Figure 2: Bilirubin levels graphed at each timepoint. CFLD patients had closer LFT monitoring during the
first 6 weeks of treatment. The remaining patients did not have levels checked during this time. Bilirubin
levels from all patients had a normal distribution, thus the mean was used for analysis. The data for the 6
patients with CFLD was skewed, thus, the median was used. Bilirubin normal values: 3-21 umol/L.
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We had adequate numbers of test results only at baseline and at three months for all patients to perform
a statistical analysis. The ALT, AST, ALP and GGT data were determined to have a skewed distribution
based on histogram and boxplot distributions and the Shapiro-Wilk test for normality. Thus, the data
were compared using the Wilcoxon Signed Rank Test. The total bilirubin levels were determined to have
a normal distribution, thus a paired samples t-test was applied. Overall, we found our patients had a
statistically significant decrease in ALT, ALP, GGT and total bilirubin levels, and no statistically significant
change in AST levels as follows; the median LFT values (IU/L) at baseline (pre-treatment) and at three
months, respectively, were : ALT 34 and 30 (p-value 0.016), ALP 288 and 213.5 (p-value 0.001), GGT 12
and 12 (p-value 0.002), and AST 37 and 33.5 (p-value 0.076). The mean bilirubin levels (umol/L) at
baseline (pre-treatment) and at three months on treatment for all patients was 8.26 and 6.36
respectively, (p value: 0.002). Two patients (5%) had increased AST levels during treatment > 3 x ULN,
however, these levels then decreased with continued use. None of our patients had LFTs > 8 x ULN, or > 5
x ULN during treatment, and none had ALT, ALP or total Bilirubin levels > 3 x ULN during treatment.



The data for six patients with pre-existing CFLD were extracted and were also analyzed separately. See
table 1 for demographic details. Results were similar to those without established CFLD. The median
levels at each time point for bilirubin and AST, ALT, ALP, GGT are graphically depicted in Figures 2 and 3,
respectively and demonstrate a clear graphical trend of improving LFTs across all parameters. We could
not determine statistical significance in CFLD population due to the limited number of patients.

Figure 3: AST, ALT, ALP, GGT median levels graphed at each time point for CFLD patients only (n=6).
Median was used due to skewed distributions. Normal values: AST (5-34 IU/L), ALT (10-55 IU/L), ALP (47-
175 1U/L), GGT (9-36 1U/L)
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Discussion

We present the first “real world” study of the short-term effect of lumacaftor / ivacaftor combination
therapy on the liver function status of children with CF. Our results were unexpected and encouraging.
They suggest that, although the clinical trials raised a concern that commencing a child on this new CFTR
modulator therapy came with a significant risk of derangement of LFTs, the risk appears to be low and
therapy may actually help improve LFTs.



CFLD is a significant complication of CF primarily evolving in the school age years and can have a
detrimental effect on morbidity and mortality ® 7. To date there has been no intervention which has
demonstrated efficacy in altering the course of CFLD ® 7. Pre-existing CFLD was an exclusion criteria for
the clinical trials, however it is not a contra-indication to prescribing lumacaftor / ivacaftor combination
therapy. Although our numbers are small, with just six patients (15%) with significant CFLD, the trends
observed are encouraging. Dempsey et al, found similar improvements in LFTs in a small number (n=7) of
patients with CFLD, but did not assess the effect of lumacaftor / ivacaftor on those without CFLD3. Firstly,
it appears these patients can tolerate the treatment safely. Secondly, and perhaps more encouragingly;
this may represent the first evidence of an intervention that can improve LFTs in patients with CFLD.
Further observation is required to ascertain if this is translated into improvements in liver synthetic
function and the manifestations of portal hypertension, such as splenomegaly and oesophageal varices.

Similar to many other medications lumacaftor / ivacaftor combination therapy may indeed come with a
risk of liver injury. Drug induced liver injury (DILI) is the most common reason for withdrawing an agent
from the market, and / or issuing warnings and modifications for their use®!*. RUCAM (Roussel Uclaf
Causality Assessment Method) is a well-established methodology to assess causality in suspected DILI® 12
13, DILI is defined as, the now familiar, ALT levels above 5 x ULN and/or ALP levels greater than 2 x the
ULN® 12 13 'In addition the Hy’s law predicts a 10% mortality (range 5-50%) when hepatocellular DILI is
associated with a serum bilirubin level of > 3 ULN!4. However, determining causality of DILI remains
complex and challenging with the majority of cases classed as “idiosyncratic” — essentially unexpected
and unexplained®®. Relevant to this discussion is the fact that, in the liver, CFTR is not expressed in
hepatocytes, but exclusively in cholangiocytes!> 6. Defective chloride channel function can result in
inspissated secretions that obstruct biliary flow, peri-biliary fibrosis, and for some patients progression
from focal to multilobular biliary cirrhosis'®2%, Onset of clinically significant disease is typically during the
first decade of childhood?® 22, One might speculate that there are two separate processes at play here.
The medication may come with a risk of liver injury, by a mechanism yet to be clearly defined, but may
also come with a marginal, but potentially important, improvement in CFLD by improving CFTR
functioning at the apex of cholangiocytes lining the bile ducts. Consistent with this theory, Kutney et al,
demonstrated, using magnetic resonance imaging proton density fat fraction analysis, that lumacaftor /
ivacaftor therapy was associated with reduced hepatic steatosis. Interestingly, the study excluded
patients with CFLD or persistently elevated liver enzymes?3.

Our study has several limitations. It is a single centre study, with a small sample size. We had adequate
numbers to perform a statistically valid comparison of baseline and three-month data, however the
ability of this dataset to make inferences about the wider CF population is limited, and the findings
should be viewed with caution. Also, many of the time points have missing data. This illustrates the
challenges of applying a stringent surveillance system for adverse events requiring frequent blood draws
in a paediatric CF clinic. We continue to explore local policies to improve adherence to the surveillance

policy.



Although the results of our study are encouraging, continued vigilance is required. On the basis of these
findings we plan to expand our study to involve greater numbers, across multiple sites, and to include
both adult and paediatric subjects.

Acknowledgements:
We would like to thank the children with CF and their parents/guardians that contributed to this study.

Declaration of Conflicts of Interest:
The authors have no conflicts of interest to declare.

Corresponding Author:

Dr Barry Linnane,

Paediatric Respiratory Consultant
University Hospital Limerick,
Dooradoyle,

Limerick,

Ireland.

E-mail: barry.linnane@hse.ie

References:

1. Elborn JS. Cystic fibrosis. Lancet (London, England). 2016;388(10059):2519-31.

2. Farrell P, Joffe S, Foley L, Canny GJ, Mayne P, Rosenberg M. Diagnosis of cystic fibrosis in the Republic
of Ireland: epidemiology and costs. Ir Med J. 2007;100(8):557-60.

3. Milla CE, Ratjen F, Marigowda G, Liu F, Waltz D, Rosenfeld M, et al. Lumacaftor/lvacaftor in Patients
Aged 6-11 Years with Cystic Fibrosis and Homozygous for F508del-CFTR. Am J Respir Crit Care Med.
2017;195(7):912-20.

4. Ratjen F, Hug C, Marigowda G, Tian S, Huang X, Stanojevic S, et al. Efficacy and safety of lumacaftor
and ivacaftor in patients aged 6-11 years with cystic fibrosis homozygous for F508del-CFTR: a
randomised, placebo-controlled phase 3 trial. Lancet Respir Med. 2017;5(7):557-67.

5. Wainwright CE, Elborn JS, Ramsey BW, Marigowda G, Huang X, Cipolli M, et al. Lumacaftor-lvacaftor
in Patients with Cystic Fibrosis Homozygous for Phe508del CFTR. N Engl J Med. 2015;373(3):220-31.

6. Debray D, Kelly D, Houwen R, Strandvik B, Colombo C. Best practice guidance for the diagnosis and
management of cystic fibrosis-associated liver disease. J Cyst Fibros. 2011;10 Suppl 2:529-36.

7. Flass T, Narkewicz MR. Cirrhosis and other liver disease in cystic fibrosis. J Cyst Fibros. 2013;12(2):116-
24.

8. Dempsey S, Travers J, Leer G, Connell G, Quinn S, Greally P, et al. GP285 The effect of modulator
therapy on liver function in patients with cystic fibrosis-related liver disease (CFLD). Archives of
Disease in Childhood. 2019;104(Suppl 3):A150.


mailto:barry.linnane@hse.ie

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Danan G, Teschke R. RUCAM in Drug and Herb Induced Liver Injury: The Update. International journal
of molecular sciences. 2015;17(1).

Katarey D, Verma S. Drug-induced liver injury. Clinical medicine (London, England). 2016;16(Suppl
6):s104-s9.

Teschke R. Idiosyncratic DILI: Analysis of 46,266 Cases Assessed for Causality by RUCAM and
Published From 2014 to Early 2019. Frontiers in pharmacology. 2019;10:730.

Benichou C, Danan G, Flahault A. Causality assessment of adverse reactions to drugs--ll. An original
model for validation of drug causality assessment methods: case reports with positive rechallenge.
Journal of clinical epidemiology. 1993;46(11):1331-6.

Danan G, Benichou C. Causality assessment of adverse reactions to drugs--l1. A novel method based on
the conclusions of international consensus meetings: application to drug-induced liver injuries.
Journal of clinical epidemiology. 1993;46(11):1323-30.

Reuben A. Hy's law. Hepatology (Baltimore, Md). 2004;39(2):574-8.

Cohn JA, Strong TV, Picciotto MR, Nairn AC, Collins FS, Fitz JG. Localization of the cystic fibrosis
transmembrane conductance regulator in human bile duct epithelial cells. Gastroenterology.
1993;105(6):1857-64.

Feranchak AP, Sokol RJ. Cholangiocyte biology and cystic fibrosis liver disease. Seminars in liver
disease. 2001;21(4):471-88.

Lindblad A, Hultcrantz R, Strandvik B. Bile-duct destruction and collagen deposition: a prominent
ultrastructural feature of the liver in cystic fibrosis. Hepatology (Baltimore, Md). 1992;16(2):372-81.
Nagel RA, Westaby D, Javaid A, Kavani J, Meire HB, Lombard MG, et al. Liver disease and bile duct
abnormalities in adults with cystic fibrosis. Lancet (London, England). 1989;2(8677):1422-5.

Colombo C, Battezzati PM. Hepatobiliary manifestations of cystic fibrosis. European journal of
gastroenterology & hepatology. 1996;8(8):748-54.

Herrmann U, Dockter G, Lammert F. Cystic fibrosis-associated liver disease. Best practice & research
Clinical gastroenterology. 2010;24(5):585-92.

Corbett K, Kelleher S, Rowland M, Daly L, Drumm B, Canny G, et al. Cystic fibrosis-associated liver
disease: a population-based study. The Journal of pediatrics. 2004;145(3):327-32.

Lamireau T, Monnereau S, Martin S, Marcotte JE, Winnock M, Alvarez F. Epidemiology of liver disease
in cystic fibrosis: a longitudinal study. Journal of hepatology. 2004;41(6):920-5.

Kutney K, Donnola SB, Flask CA, Gubitosi-Klug R, O'Riordan M, McBennett K, et al.
Lumacaftor/ivacaftor therapy is associated with reduced hepatic steatosis in cystic fibrosis patients.
World J Hepatol. 2019;11(12):761-72.



