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Figure 2. Study design.
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METHODS

Figure 1. Selection of the GALA control cohort.
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Figure 3. Selection of index time: Best fit.
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MRX treatment was associated with a 70% improvement (hazard ratio 0.305
[95% confidence interval: 0.189–0.491; p<0.0001]) in EFS in children with ALGS, when compared with the
GALA natural history control cohort.
This finding of improved EFS was robust, consistent across sensitivity analyses, and was not dependent
on varying approaches to align the index time, prune for events following the index time, or propensity
matching of each cohort.
The regional subgroups and the overlapping sites subgroup (i.e. sites that offered both MRX clinical trials
and participated in GALA) also showed a similar improvement in EFS for MRX-treated participants.
These findings demonstrate the power of a natural history cohort to facilitate comparisons of long-term
clinical outcomes in trials of rare diseases.
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*Due to >20% of the cells having expected counts <5, chi-square results may be invalid, and Fisher’s exact test was used instead.
†Approximately 85% of the sBA values were not available in the GALA database as frequent sBA measurement is not part of clinical practice. Baseline sBA
data were available for 73 GALA patients.
BL, baseline; GALA, Global ALagille Alliance; MRX, maralixibat; Q1, first quartile; Q3, third quartile; sBA, serum bile acid.
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Sensitivity analyses for the primary comparison included: SAP-specified analyses (Cox-regression model adjusted for age, sex, total bilirubin, and ALT);
Unadjusted (only the covariate being treatment was performed [EFS]); Adjusted 1 (Cox-regression model adjusted for age, total bilirubin, and GGT); Adjusted
2 (Cox-regression model adjusted for age, total bilirubin, GGT, ALT, and region); Adjusted 3 (Cox-regression model adjusted for age, total bilirubin, GGT,
ALT, sex, and year of birth); and Adjusted 4 (Cox-regression model adjusted for age, total bilirubin, GGT, and sBA).
ALT, alanine transaminase; ATT, average treatment effect in the treated; CI, confidence interval; EFS, event-free survival; GGT, gamma-glutamyl transferase;
HR, hazard ratio; IPTW, inverse probability of treatment weights; MRX, maralixibat; SAP, statistical analysis plan; sBA, serum bile acid.
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*Cox regression models for the primary analysis: primary prespecified (adjusted), where the effect of MRX vs. GALA log likelihood test was adjusted for age,
sex, bilirubin, and ALT (according to the statistical analysis plan), and primary unadjusted.
†The number at risk is the original number of participants (at time 0) minus those who had an event or were censored (e.g. lost to follow-up) prior to the start
of the given period.
ALT, alanine transaminase; CI, confidence interval; EFS, event-free survival; GALA, Global ALagille Alliance; HR, hazard ratio; MRX, maralixibat.
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*A minimum amount of follow-up time was considered in order to avoid immortal time bias (that is, an early observed effect due to survivor treatment selection bias).
GALA, Global ALagille Alliance.

Selection process:
•
The statistician was blinded to clinical outcomes per the prespecified statistical analysis plan during the
selection of patients and index time.
•
Key inclusion criteria included: age at inclusion ≥12 months and <18 years; diagnosed after 1990;
cholestasis defined by one or more of: total sBA >3 times the upper limit of normal, conjugated or direct
bilirubin
>1 mg/dL, total bilirubin >2 mg/dL, or gamma-glutamyl transferase >3 times the upper limit of normal; and
residence in North America, Europe, or Australia, where the MRX trials were conducted.
•
Index time and balance assessment:
– The selected index time for the MRX cohort was when patients started receiving the drug.
– For the GALA control cohort, multiple index times were considered as patients may fulfill eligibility criteria
at multiple time points. The ‘primary’ index time was selected based on the maximum likelihood
approach of identifying the best fit (Figure 3) with respect to the prespecified covariates: age, sex, total
bilirubin, and alanine transaminase.
– Balance of baseline variables between the MRX and the selected GALA control cohorts were assessed
and weighting was performed if required. Weights were estimated by propensity
score methods.
Time-to-event analysis:
•
Time-to-event analyses were performed using Kaplan–Meier and Cox regression models, and multiple
sensitivity analyses were explored, including:
– Adjustments for different covariates (e.g. alanine transaminase, bilirubin, gamma-glutamyl transferase,
sBA).
– Sensitivity analyses were performed to determine the robustness of the findings (i.e. different index
times, transplant-free survival, pruning events, standardized inverse probability of treatment weights,
and average treatment effect in the treated for weighting).
– Pruning – elimination of events immediately following the index time – was performed to minimize
immortal time bias.
– Regions and overlapping sites – to control for regional standard of care and overlapping centers that
participated in both the MRX studies and GALA.
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Event or censoring

AIM

To compare time to first clinical event between an MRX cohort of 84 patients treated for up to 6 years and
an external control cohort from the GALA database.
Events were defined as liver transplantation, biliary diversion surgery, a decompensation event (ascites
requiring therapy or varices requiring intervention at endoscopy), or death.

MRX shows a 70% improvement in event-free survival (EFS) compared
with natural history controls

EFS (%)
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Alagille syndrome (ALGS) is a rare, autosomal-dominant multisystem disorder dominated by cholestatic
liver disease with bile duct paucity, leading to retained hepatic bile acids resulting in cholestasis, in
association with an array of other clinical features that are variably expressed.1
Key clinical features in those with hepatic involvement are severe debilitating pruritus, growth failure, and
xanthomas, which are the leading indications for liver transplantation.1–3
Transplant-free survival in children with ALGS is 24−40% at 18.5 years of age.3,4
Global ALagille Alliance (GALA) is an international natural history clinical database that contains
retrospective data for clinical parameters, biochemistries, and outcomes from more than 1,400 children
with ALGS from 29 countries (as per this analysis’ cutoff date).3
Maralixibat (MRX) is an ileal bile acid transporter inhibitor (IBATi) that interrupts enterohepatic bile acid
recirculation and reduces serum bile acid (sBA) levels.5 MRX is the first US Food and Drug Administration
(FDA) approved treatment for cholestatic pruritus in patients with ALGS 1 year of age and older.5,6
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*The number at risk is the original number of participants (at time 0) minus those who had an event or were censored (e.g. lost to follow-up) prior to the start
of the given period. Participants who had events within the first 12 months were excluded from the analysis (thus there are no events within the first year).
This was performed in an effort to avoid immortal time bias.
CI, confidence interval; EFS, event-free survival; GALA, Global ALagille Alliance; HR, hazard ratio; MRX, maralixibat.
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