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Abstract

Rationale—Emergence of elevated liver function tests (LFTs) during a clinical trial may be due
to underlying disease factors of the participants, thus cofounding safety assessments of therapies.
Limited data exist addressing the frequency of elevated LFTs in the chronic disease setting of
cystic fibrosis (CF). The objectives of this study were to characterize emergence rates of elevated
LFTs in CF trials and their association with clinical outcomes.

Methods—The cohort was comprised of participants of three completed multicenter CF trials.
LFTs were collected as safety endpoints, and hospitalization rates and changes in pulmonary
function and weight were used to assess the association between elevated LFTs and clinical
outcome.

Results—93/376 (25%) participants had at =1 emergent elevated LFT exceeding the normal
reference range over an average 8.3 month follow-up, and only 12/93 (13%) had a value
determined by the physician as clinically significant. Emergence of an elevated LFT was not
significantly associated with a greater rate of decline in pulmonary function or weight as
compared to participants with normal LFTs. Emergence of an elevated LFT value was however
associated with a higher hospitalization risk (Relative risk:1.67, 95% confidence interval:1.11,
2.53).

Conclusions—Elevated LFTs are common among in CF trials, although in most cases are not
deemed clinically significant. These elevated LFTs are associated with more frequent
hospitalization, but additional studies are needed to determine the causality of this association.
Therapeutic trials in CF must define a priori criteria for clinical significance of elevated LFTs to
enable unbiased safety assessments.

Keywords
Cystic fibrosis; safety; liver function; randomized trial

Corresponding Author: Nicole Mayer-Hamblett at the Department of Pediatrics, University of Washington, Box 359300, Seattle, WA
98101-9300 or at nicole.hamblett@seattlechildrens.org. Telephone: 206-884-7547, Fax: 206-884-7504.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mayer-Hamblett et al. Page 2

Introduction

Liver disease in cystic fibrosis (CF) is considered a secondary consequence of the presence
of the abnormal CF transmembrane regulator protein (CFTR) within the hepatobiliary tract
or ducts (1). There is currently no gold standard for diagnosis of liver disease in CF (2).
Nonetheless, the prevalence of liver disease among individuals with CF ranges from 2% to
37% (3), dependent on the definition used. While liver function tests (LFTs) and other
serum markers have been found to have poor sensitivity and specificity predicting liver
disease in patients with CF(4-7), these markers, in particular alanine transaminase (ALT),
aspartate transaminase (AST), and gamma-glutamyl transpeptidase (GGT), are still the key
safety laboratory parameters used in clinical trials to assess the emergence of drug related
toxicities.

Limited data natural history data exist in CF addressing the extent and frequency of elevated
LFTs that exceed an established upper limit of normal CF. Lindblad et.al. reported that over
a 15 year follow-up period, 25% of individuals with CF older than 4 years of age had
elevated LFTs (8). Consistent with that finding, Goss et. al. used data from a multicenter,
randomized controlled trial in 504 children and adults with CF and reported that 16.1% and
11.8% of the subjects had higher than normal baseline ALT and AST, respectively(9). In
addition, during the 24 week duration of the trial, significant fluctuation of LFTs occurred
among the participants randomized to the placebo group. The significance of elevated LFTs
remains unclear however. In a prospective observational study, Colombo et. al. reported that
among those with CF without liver disease (defined clinically, sonographically, or
biochemically), 41% experience at least one instance of elevated LFTs over a median 14
year follow-up(10), and Patriquin et. al found 21% of individuals with CF with normal liver
sonograms had elevated LFTs in their cross-sectional study(11). These data suggest that
there is a high prevalence and fluctuation of elevated LFTs of unclear etiology in CF. The
presence of these potential LFT abnormalities among participants enrolled in therapeutic
trials therefore presents a potential cofounder for the assessment of safety.

The data from three recently completed CF randomized, placebo-controlled clinical trials
representing a diverse cohort of children and adults with CF provides a unique opportunity
to better define the emergence rates of elevated LFTs that can be expected in the context of a
CF clinical trial. Further, the standardized laboratory, adverse event, medication usage, and
medical history data collected in these trials not only enables an assessment of the potential
underlying etiology of elevated LFTs, but also characterization of the clinical significance of
these events as determined by the treating physician. The key objectives of this study are
therefore to (1) characterize expected emergence rates of elevated LFTs across age groups
within a CF clinical trial, (2) determine the proportion of elevated LFTs that coincide with
complications or medications indicative of hepatobiliary disease, and (3) determine the
association between emergent elevated LFTs and clinical outcomes including pulmonary
function and weight changes, hospitalization rates, and adverse event rates.

Materials and Methods

Study Cohort

The cohort was comprised of participants enrolled in three recently completed multicenter
CF clinical trials. These trials included: (1) a 6-month randomized, placebo controlled trial
of azithromycin in children and adults ages 6 and older with CF chronically infected with
Pseudomonas aeruginosa conducted from December 2000 — May 2002 (AZ0001) (12), (2) a
6-month randomized, placebo controlled trial and subsequent 6-month open label follow-up
study of azithromycin in children ages 6-18 uninfected with P. aeruginosa conducted from
February 2007 — July 2009 (AZ0004) (13, 14) and (3) an 18-month randomized trial
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comparing anti-pseudomonal therapy regimens for treatment of new onset P. aeruginosa in
children with CF ages 1-12 conducted from December 2004 — June 2009 (EPIC) (15). De-
identified data included in the CF Therapeutics Development Network Data Archive were
utilized for this study which was approved by the Institutional Review Board at Seattle
Children’s Hospital, Seattle, Washington.

Eligibility criteria for the individual trials, in particular with relation to the exclusion of
participants with abnormal liver function tests at screening, can be found in Table A.1
(Appendix A). Individuals with LFTs (ALT, AST, GGT) >2 times the upper limit of normal
were excluded in these trials per the eligibility criteria. All randomized participants with
LFTs within the normal reference range at baseline in the two azithromycin clinical trials
were included in the current analysis. The decision to include both treatment arms in the
azithromycin trials was due to the absence of treatment-related emergence of elevated LFTs
in the original clinical trial (e.g. comparing azithromycin treated participants to placebo (12,
13)). Additionally, the generalizability of the current study results is strengthened by
including individuals on study treatments that have now been integrated into standard of
care. In particular, it is not uncommon that a subgroup of participants in CF clinical trials
chronically uses azithromycin throughout the trial. Similarly, all randomized participants in
the EPIC trial ages 6 months through 12 years of age with LFTs within the normal range at
baseline who received intervention with inhaled tobramycin monotherapy were included.
The group of randomized EPIC trial participants who received oral ciprofloxacin in
combination with inhaled tobramycin were excluded from the current study as this
combined treatment strategy has not been adopted into standard of care for chronic P.
aeruginosa eradication therapy, in place of inhaled tobramycin monotherapy, due to lack of
efficacy (16).

Data Collection

Liver function test results including ALT, AST, and GGT were collected prospectively as
safety endpoints in each clinical trial according to the study visit schedule outlined in Table
A.1. Laboratory parameters were processed at individual site laboratories and results
recorded onto study-specific case report forms (CRFs). Site-specific normal reference ranges
were not recorded in the CRFs, however elevated values greater than the upper limit of
normal (ULN) were indicated in these CRFs according to these ranges as well as the
physician’s determination of clinical significance as dictated by the Code of Federal
Regulator, Title 21 Part 201(17). This document instructs the sponsor to identify adverse
events (abnormal or elevated laboratory values in this case) that have significant clinical
implications (e.g., those that are most commonly occurring, that result in discontinuation or
dose modification, or that require monitoring). Study data utilized to assess the presence of
conditions indicative of hepatobiliary disease included medical and medication use history,
concomitant medication usage, and adverse events. All medications at study entry and new
medications added during the study were reviewed among participants with elevated LFTs
(blinded review in regards to the degree of the LFT elevation). This review was also
performed for a random subset of participants without elevated LFTs, matched by study to
the participants who experienced an elevated LFT. First, medications were classified related
to whether they are employed to treat CF related liver disease; the primary medication used
in CF is ursodeoxycholic acid (US registered trade names: Actigall, Urso, Urso 250, Urso
Forte). In addition, medications with known hepatotoxicity were identified using
MICROMEDEX® 2.0 by assessing each medication for reported common and serious
adverse events that are associated with transaminitis, liver failure, liver dysfunction or liver
disease. Clinical outcome and safety data including hospitalization rates, adverse event rates,
change in pulmonary function as measured by forced expiratory volume in one second as a
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percentage of predicted (FEV1 % predicted), and change in weight in kilograms were used
to assess clinical impact of elevated LFTs. Data were monitored at site visits during the
clinical trial and CRF data was compared to source documentation from the laboratories and
medical records.

Statistical Analysis

Results

Demographic and baseline characteristics were descriptively summarized by study and
overall. The emergence rates of elevated LFTs (AST, ALT, and GGT), defined as greater
than the upper limit of normal, were estimated as rate per 100 months of follow up by age
group (<6 years, 6-12 years, and >12 years) and gender, with corresponding 95%
confidence intervals (Cls). Average LFT values observed throughout the study by whether
they were elevated or normal and were summarized across participants and study visits
using repeated measures regression utilizing generalized estimating equations with robust
variance estimation and an independence working model, with 95% confidence intervals
(CI) derived from the model (18),

Pulmonary function (forced expiratory volume in one second as a percentage of predicted
[FEV; % predicted]), weight, hospitalization and adverse event rates were compared
between those with emergent elevated LFTs and those with normal LFTs throughout follow
up to determine the association between the emergence of these events and clinical outcome
over the duration of the clinical trials. Presence of an emergent elevated LFT was treated as
a time independent covariate in these models due to imprecise timing of LFT values around
clinical outcome data, and thus the model results are focused on overall associations rather
than temporal causation. Rates of changes in FEV % predicted and weight were compared
with repeated measures regression modeling utilizing generalized estimating equations
(GEE) and robust variance estimation (18), adjusting for baseline age group, gender, and
genotype which has been noted as a potential predictor of liver disease in CF (19). Risk of
hospitalization was compared using Poisson regression adjusting for differential follow up
time and baseline age group, gender, and genotype. Lastly, overall adverse event rates were
compared using Poisson regression adjusting for baseline age group, gender, genotype, and
follow up time and including an offset term for follow-up time. Analyses were performed
using the statistical software SAS, version 9.1.3 (SAS Institute Inc., Cary, NC), R statistical
package version 2.9.1 (R Foundation for Statistical Computing, Vienna, Austria), and Stata
version 10.1 (StataCorp LP, College Station, TX).

Cohort Characteristics

A total of 376 trial participants were included in the study with a mean age of 14 years
(standard deviation [SD] = 7.40) and mean FEV{ % predicted of 87% (SD = 23.2). The
majority (51%) of the cohort was less than 12 years of age as compared to 32% adolescents
and approximately 17% adults >18 years of age. Table 1 displays details of the demographic
and baseline characteristics of the cohort by participating trial and overall. Due to
differences in eligibility criteria and study timeframes, study participants were not enrolled
in more than one trial.

Emergence Rates of Elevated LFTs

A total of 93/376 participants (25%) had at least one emergent elevated LFT exceeding the
normal reference range in ALT, AST, or GGT throughout their follow-up period.
Participants had an average of 3.4 observations over an average of 8.3 months of follow-up.
Few of the participants (25/93, 27%) experienced more than one elevated LFT throughout
the follow up. Figure 1 displays the emergence rates across studies by age group and gender.
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Detailed study-specific emergence rates by age group and gender for each LFT parameter
can be found in Table A.2 (Appendix A). The overall rate of emergence of any elevated LFT
(AST, ALT, or GGT) was 3.4 persons per 100 follow-up months (95% CI 2.8, 4.2). For a 6
month clinical trial with 100 participants, based on these estimates one would expect
approximately 20.4 participants would have at least one emergent elevated LFT during the
course of the study (95% CI: 16.8, 25.2). Emergence of an elevated LFT occurred equally
across gender but slightly more frequently in those >18 years of age (4.0 persons per 100
follow up months, 95% ClI: 2.3, 7.1) and least frequently in adolescents (3.0 persons per 100
follow up months, 95% ClI: 2.1, 4.5). No significant associations between genotype or
baseline FEV1 % predicted and the emergence of an elevated LFT were identified (data not
shown). The individual emergence rates for elevated ALT and AST values were 2.0 persons
per 100 follow-up months (95% Cls: 1.5, 2.6 and 1.5, 2.5 respectively). Emergence of an
elevated GGT value was less common (0.5 persons per 100 follow-up months, 95% CI:
0.32, 0.86).

Overall, ALT values indicated as elevated were an average 32.3 U/L higher (95% CI: 26.8,
37.8) than ALT values within the normal range (average ALT among those with elevated
values = 57.0 U/L, SD = 2.79 vs. 24.7 U/L among those with normal ALT values, SD=0.41).
Similarly, elevated AST values were an average 21.3 U/L higher (95% ClI: 16.8, 25.9) than
AST values within the normal range (49.8 U/L, SD =2.32 vs. 28.5 U/L, SD = 0.37) and
elevated GGT values an average 34.8 U/L (95% ClI: 16.8, 52.7) U/L higher (51.2, SD =9.17
vs. 16.5, SD = 0.34).

Clinical Significance of the Emergence of Elevated LFTs

Association

While 93/376 (25%) of trial participants experienced an emergent elevated LFT over their
follow up, only 12/376 (3%) of all participants or 12/93 (13%) of those with emergent
elevated LFTs had values deemed by the treating physician as clinically significant (Table
A.2). The rate of emergence of clinically significant elevated LFTs was 0.4 per 100 follow
up months (95% ClI: 0.2, 0.7). Thus for a 6 month study of 100 participants, one would
expect approximately 2.4 persons with a clinically significant emergent elevated LFT (95%
Cl: 1.2,4.2).

Table 2 summarizes the potential indicators of hepatobiliary disease identified after medical
and medication history, concurrent medication use, and adverse event review among the 93
participants with emergent elevated LFTs. As seen, only 11/93 (11.8%) of participants with
an emergent elevated LFT had a potential indicator of hepatobiliary disease as identified by
the medical review. In comparison, among the subset with normal LFTs throughout follow
up, 7/93 (7.5%) also had a potential indicator of hepatobiliary disease. Only 3/93 (3.2%) of
the participants with elevated LFTs had a coinciding emergent adverse event indicative of a
hepatobiliary disorder, and 3/93 (3.2%) of participants were newly prescribed
ursodeoxycholic acid. Further review of the medications of those with emergent elevated
LFTs indicates that 89/93 (96%) of participants had documented use of at least one
medication either historically or concurrently during the study that could be considered as
potentially hepatotoxic as noted by both common and serious adverse effects noted in
MICROMEDEX® 2.0.

between Emergence of an Elevated LFT and Clinical Outcome

Table 3 summarizes the observed associations between the emergence of an elevated LFT
and clinical outcomes including rate of change in FEV1 % predicted and weight,
hospitalization rate, and adverse event rate. Emergence of an elevated LFT was not
significantly associated with a difference in the rate of change in FEV{ % predicted or
weight as compared to participants with normal LFTs throughout the follow up. Emergence
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of an elevated LFT value was however associated with a higher risk of hospitalization
(Relative Risk [RR] 1.67, 95% ClI: 1.11, 2.53), but not associated with a higher risk of
adverse events (RR 0.91, 95% ClI: 0.85, 0.97) as compared to those with normal LFTs.

Discussion

Clinical trials within the context of a chronic disease setting are complicated by underlying
disease-related complications that are not related to treatment-induced safety endpoints. A
pipeline of novel therapeutic interventions are currently under evaluation in CF clinical trials
and these therapies are not only directed towards secondary consequences of the disease
such as infection and inflammation, but also directed towards correcting the basic defect in
CFTR (20). As CF is considered an orphan disease affecting only 30,000 children and adults
in the United States and 70,000 worldwide, it is not always feasible to conduct placebo-
controlled randomized trials either due to the lack of availability of patients or ethical
concerns due to withholding treatment in order to administer a placebo (21). It is therefore
critical to have a comprehensive characterization of expected rates of key safety endpoints,
in particular those meant to directly capture drug toxicity such as LFTs, in order to
benchmark the rates observed in future clinical trials of new interventions.

We conducted a retrospective cohort study utilizing data from completed CF clinical trials
for which liver function tests were consistently evaluated across study participants.
Emergence of elevated LFTs was surprisingly common in this cohort despite criteria which
excluded participants abnormally high LFTs (> 2 times the upper limit of normal) at
screening, and nearly 25% of participants with normal LFTs at baseline experienced an
emergent elevated LFT greater than the upper limit of normal in at least one LFT over an
average 8 month follow-up period. The data also suggest that older participants (>18 years
of age) are more likely to experience emergence of an elevated LFT. The majority of
elevated LFTs had unknown etiology and very few were associated with hepatobiliary
related adverse events. Importantly, participants in CF trials are commonly on medications
as part of their standard of care which can be considered as potentially hepatotoxic, and 96%
of all participants with an elevated LFT had taken at least one medication considered as
potentially hepatotoxic.

The majority of elevated LFTs were not felt to be clinically significant according to the
treating physician. In fact, only 13% of the 93 participants with an elevated LFT had values
determined by the physician to be clinically significant. Clinical significance is however a
subjective assessment by the physician and is a determination that is not guided by formal
Common Toxicity Criteria (CTC) typically used only for adverse event grading (22). Thus,
it is unclear whether there is a bias in under-reporting clinical significance due to non-
standardized criteria and variability in physician interpretation of individual results in
relation to the disease and medical history prior to entering the trial. On the other hand,
emergence of elevated LFTs was associated with higher risk of hospitalization.
Unfortunately, this retrospective study was limited in our lack of ability to precisely model
temporal associations between LFTs and hospitalization events. The association of elevated
LFTs with hospitalization could merely reflect temporally synchronous abnormalities
associated with the hospitalization, intercurrent illness, or medications employed during the
hospitalization or illness including intravenous antibiotics. The abnormalities could have
also preceded the hospitalization and/or followed the hospitalization. Thus, inferring any
causality would be inappropriate within the context of this study.

The current study is limited by the usage of site specific laboratories rather than a
centralized laboratory, and this limits comparisons of individual LFT values across trial
participants. However, many CF studies utilize site-specific rather than centralized
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laboratories due to funding constraints and additionally, the rates of elevated LFTs based on
site laboratories play an important role in standard of care assessments throughout the course
of any clinical trial and elevated or “abnormal” results will often be recorded as adverse
events in the trial database. Recent data has also suggested that individual lab normal values
for AST and ALT may be inaccurate given the rising prevalence of obesity and non-
alcoholic fatty liver disease (23). A further limitation is that this study included a relatively
young and healthy cohort with mild lung disease, but the results among the subset of older
participants with greater disease severity are comparable to those observed in older sicker
populations as studied previously by Goss et. al (9). Comparisons of these two studies
suggest that LFT elevations remain a relatively common occurrence in CF clinical trials
even in a more contemporary CF population with improved standard of care. Another key
limitation is that in the studies included in this analysis, no unified diagnostic criteria for CF
related liver disease was employed. Subjects were excluded if they had elevated LFT’s at
screening, but this criteria may not exclude subjects with significant CF related liver disease,
a population that can have normal LFT’s. The diagnostic criteria for CF related liver disease
remains a challenge, and it is hoped that ongoing prospective cohort studies will further
elucidate this clinical entity.

In summary, the emergence of elevated LFTs should be expected in CF clinical trials and in
many cases may be the result of underlying disease complications, as well as potentially the
use of concurrent medications that have been noted to cause some degree of hepatoxicity.
Although elevated LFTs were rarely deemed clinically significant during the short term
follow-up of a clinical trial, a priori criteria for determining clinical significance should be
developed and standardized across physicians in order to enable the unbiased evaluation of
the safety of new therapies, in particular for trials lacking a placebo-control. Further studies
would be needed to determine the longer term causality and impact, if any, of elevated LFTs
on clinical outcomes of morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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