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1. Introduction 

This review by the Division of Risk Management (DRM) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity (NME) Livmarli (maralixibat) is necessary to 
ensure the benefits outweigh its risks.  Mirum Pharmaceuticals, Inc. (Mirum) submitted a New Drug 
Application (NDA) 214662 for maralixibat with the proposed indication for the treatment of cholestatic 
pruritus in patients with Alagille syndrome (ALGS) 1 year of age and older. This application is under 
review in the Division of Hepatology and Nutrition (DHN).  The applicant did not submit a REMS with this 
application but included a risk management plan that consists of patient labeling (Patient Package Insert 
and Instructions for Use) and routine pharmacovigilance activities. 

 

2. Background 

2.1. PRODUCT INFORMATION 
Livmarli (maralixibat), a new molecular entitya, is an apical sodium-dependent bile acid transporter 
inhibitor proposed for the treatment of cholestatic pruritus in patients with Alagille syndrome one year 
of age and older.  It increases the fecal total bile acid excretion and inhibits the postprandial increase in 
serum total bile acids concentrations1.  Maralixibat (MRX) is proposed as a 10 mg/mL oral solution in a 
multiple-dose bottle containing 9.5 mg/mL of MRX.  The recommended starting dose is 190 mcg/kg 
administered orally once daily (QD), taken approximately 30 minutes before the first meal of the day. 
The dose should be increased to 380 mcg/kg QD after one week as tolerated and is to be taken 
chronically.  MRX was granted Orphan drug designation on September 4, 2013 and Breakthrough 
therapy designation on October 23, 2019.  MRX is not currently approved in any jurisdiction.  

2.2. REGULATORY HISTORY 
The following is a summary of the regulatory history for NDA 214662 relevant to this review:   

• 09/04/2013:  Orphan drug designation granted for maralixibat, IND 119917. 

• 12/02/2019:  Rare pediatric disease designation granted for maralixibat, IND 119917. 

• 10/23/2019:  Breakthrough therapy designation granted for maralixibat, IND 119917. 

• 08/31/2020:  Maralixibat, NDA 214662, rolling submission 1 of 3 for the treatment of cholestatic 
pruritus in patients with Alagille syndrome 1 year of age and older received. 

• 11/12/2020:  Maralixibat, NDA 214662, rolling submission 2 of 3 received. 

• 01/29/2021:  Maralixibat, NDA 214662, rolling submission 3 of 3 received. 

• 07/26/2021:  A Late cycle meeting was held between the Agency and the Applicant via 
teleconference. The Agency informed the Applicant that based on the currently available data, 
no issues related to risk management have been identified. 

 
a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity. 
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3. Therapeutic Context and Treatment Options 

3.1. DESCRIPTION OF THE MEDICAL CONDITION 
Alagille syndrome (ALGS) is a rare, genetic, autosomal dominant, multisystem disorder that is associated 
with the following major clinical features:  chronic cholestasis, congenital heart disease, skeletal 
abnormalities, ocular abnormalities, vascular abnormalities, and characteristic facial features.2  The 
incidence of ALGS has been estimated to be approximately 1 in 30,000 to 45,000 individuals in the 
general population.3,b  Over 90% of ALGS cases are caused by mutations in the JAGGED1 gene, while 4% 
of cases are due to mutations in the NOTCH2 gene.  These mutations lead to a decreased number of bile 
ducts and result in bile flow obstruction and accumulation of bile in the liver and blood.  Liver disease 
often presents in infancy with cholestasis and fat malabsorption, subsequently leading to the 
development of intense and debilitating pruritus.  Severe pruritis in these patients can be persistent and 
lead to cutaneous mutilation, mood disturbances and disruption of sleep and school performance, thus 
negatively impacting physical and psychosocial health, as well as overall quality of life.  Patients with 
ALGS who are untreated, have a median life expectancy of approximately two decades.c  

3.2. DESCRIPTION OF CURRENT TREATMENT OPTIONS 
There are no FDA-approved products for the treatment of cholestatic pruritus in patients with Alagille 
syndrome.  However, medications that increase bile flow and reduce pruritis, such as ursodeoxycholic 
acid, rifampin and cholestyramine are used as off-label treatments.4  Ursodeoxycholic acid is a gallstone 
dissolution agent but is sometimes used to facilitate bile excretion and treat cholestasis with varied 
results.  It must be used with caution in patients with chronic liver disease.  Regular monitoring of liver 
function testing is recommended.  The antibiotic rifampin is also used to treat cholestatic pruritis that is 
associated with ALGS, though limited data is available regarding its effectiveness.5  Hepatotoxicity has 
been reported with rifampin use and occurs more frequently when treatment is prolonged or given with 
other hepatotoxic drugs.  The bile acid sequestrant cholestyramine is not frequently associated with 
serious hepatic adverse effects but is cautioned for use with renal impairment.  Chronic use has been 
associated with bleeding problems and hypochloremic acidosis.  Naltrexone is another drug that is used 
off-label to treat pruritus associated with ALGS, though studies for this use have shown mixed results.6 
Use of naloxone in hepatically impaired patients is not recommended and cautioned is advised for use in 
patients with moderate to severe renal impairment, as well.  
   
Nutrition management is often part of the treatment plan for patients with ALGS, especially for children.  
Vitamin and nutrition supplementation are used to help support proper growth and development.  The 
specialized diet is usually high-calorie, with added calcium and vitamins A, D, E and K.  Infants with ALGS 

 
b Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 
involved. 

c Section 505-1 (a) of the FD&C Act: FDAAA factor (B): The seriousness of the disease or condition that is to be 
treated with the drug. 
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are given a special formula that helps the small intestine absorb the fats.  Nutrition management may 
need to continue throughout a patient’s lifetime, depending on their disease progression and dietary 
needs.  Surgical procedures for ALGS patients with severe symptoms are also options for treatment, 
depending on the organ class affected by the condition.  Biliary diversion procedures, heart or kidney 
surgery and liver transplantation have been used to improve patient’s prognosis and quality of life.   

Despite the off-label use of various drug therapies and non-pharmacological treatments, there is a 
significant unmet medical need among ALGS patients with serious symptoms.   

 

4. Benefit Assessment 

The efficacy of MRX for the treatment of cholestatic pruritus in patients with ALGS one year of age and 
older was evaluated in the pivotal clinical trial (Study LUM001-304 [NCT02160782]) that consisted of an 
18-week open-label treatment period; a 4-week randomized, double-blind, placebo-controlled drug-
withdrawal period; a subsequent 26-week open-label treatment period; and a long-term open-label 
extension period.  Study LUM001-304 enrolled thirty-one JAGGED1 mutation ALGS patients ages ≥ 12 
months and < 18 years with cholestasis and pruritis.  Patients were administered open-label treatment 
with MRX 380 mcg/kg once daily for 13 weeks after an initial 5-week dose-escalation period.  Twenty-
nine patients (two discontinued) who completed the open-label treatment phase were then randomized 
to continue treatment with MRX or receive matching placebo during the 4-week drug withdrawal period 
at weeks 19-22.  All 29 patients (16 placebo, 13 MRX) completed the randomized, blinded drug 
withdrawal period; subsequently patients received open-label MRX at 380 mcg/kg once daily (patients 
who had received placebo had a dose escalation schedule similar to the initial escalation).   

The proposed primary efficacy endpoint was the change in serum bile acid (sBA) during the 4-week 
randomized withdrawal (RWD) phase in the modified intent-to-treat (mITT) population (participants 
with sBA reduction ≥ 50% at Week 12 or Week 18).  Secondary endpoints included change in liver 
enzymes and pruritis as measured by the Itch Reported Outcome (ItchRO) Instrument.  During the 
course of the review the division determined that efficacy could not be determined using change in sBA, 
as MRX needs to demonstrate improvement in pruritis using an appropriate comparator; therefore 
pruritis results focused on the double-blind, placebo-controlled RWD period comparing patients who 
were continuously treated with MRX compared to patients who were treated with MRX for 18 weeks 
and subsequently withdrawn from MRX for 4 weeks. 

In the study, patient’s pruritis symptoms were measured twice daily using a 5-point ordinal response 
scale using the ItchRO Instrument.  Patients aged ≥ 9 years completed the ItchRO independently, while 
patients between the ages of 5 and 8 were assisted by caregivers (patients younger than 5 years of age 
did not assess the ItchRO).  Scores ranged from 0 (none observed or reported) to 4 (very severe).  The 
average of the worst daily ItchRO pruritis scores was computed every week.  Results from the placebo-
controlled period showed that on average, patients administered MRX for 22 weeks maintained pruritis 
reduction whereas those in the placebo group who were withdrawn from MRX after Week 18 returned 
to baseline pruritis scores by Week 22, as shown in the below table: 
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Weekly Average of Worst Daily ItchRO(Obs) Pruritis Severity Scores in Study LUM001-304 7 

 Maralixibat 

(N=13) 

Placebo 

(N=16) 

Mean Difference 

Week 22, Mean (95% CI) 1.6 (1.1, 2.1) 3.0 (2.6, 3.5)  

Change from Week 18 to 
Week 22, Mean (95% CI) 

0.2 (-0.3, 0.7) 1.6 (1.2, 2.1) -1.4 (-2.1, -0.8) 

  Results based on an analysis of covariance model with treatment group and Week 18 average worst daily scratching score as 
covariates. 

The clinical reviewer concluded that MRX demonstrated statistically persuasive results in the clinical 
endpoint of improvement of pruritis and that the reduction in sBA levels provided supportive evidence 
for efficacy.8,d 

 

5. Risk Assessment & Safe-Use Conditions 

The safety population consists of 86 patients who received at least one dose of MRX.  The safety analysis 
is based on the pooled data of the pivotal trial (LUM001-304) and two supportive studies (LUM001-301 
and 302 with long-term extensions).  The majority of MRX treatment in the clinical development 
program occurred without placebo control in open-label trial extensions.   

No deaths were reported for the entire safety population.  Treatment emergent adverse events that 
lead to study discontinuation included 3 cases of abnormal liver tests (2 increased alanine 
aminotransferases, 1 hyperbilirubinemia), 1 splenic rupture, 1 acute kidney injury and 1 staphylococcal 
infection.   

Adverse reactions occurring in ≥ 5% of patients treated with MRX are listed in the below table:9    

 

 

Adverse Reaction Any Grade 
n (%) 

Number of events 
per 100 person-

years 
Diarrhea 48 (55.8%) 41.59 
Abdominal pain* 46 (53.5%) 38.57 
Vomiting 35 (40.7%) 19.85 
Nausea 7 (8.1%) 2.95 
Fat-Soluble Vitamin 
deficiency* 

22 (25.6%) 11.90 

Transaminases 16 (18.6%) 6.94 
 

d Section 505-1 (a) of the FD&C Act: FDAAA factor (C): The expected benefit of the drug with respect to such disease 
or condition 

Maralixibat 

(n=86) 
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increased (ALT,AST)* 
Gastrointestinal 
hemorrhage 

9 (10.4%)  

Bone fractures 8 (9.3%)  

 

Gastrointestinal adverse reactions including diarrhea, abdominal pain and vomiting were frequently (≥ 
40%) reported.  Draft labeling for MRX includes Warning and Precautions for gastrointestinal adverse 
reactions as well as fat soluble vitamin deficiency (FSV) which was reported in 26.7% of patients.  The 
applicant stated that MRX may affect absorption of fat-soluble vitamins, but that FSV deficiency can be 
caused by disease progression, as well.   

5.1. ADVERSE EVENTS OF SPECIAL INTEREST 

5.1.1. LIVER TEST ABNORMALITIES 
Treatment-emergent elevations of liver tests or worsening of liver tests relative to baseline values were 
observed during the clinical trials.  Increases to more than three times baseline in alanine 
aminotransferase (ALT) occurred in 24% of patients; 2% of patients experienced increases more than 
five times baseline.  Aspartate aminotransferase (AST) increases were also observed; 14% of patients 
experienced an increase to more than three times baseline.  One patient had an increase to more than 
five times baseline.10  Per the clinical reviewer, in the majority of cases the elevations resolved or 
improved after dose modification or drug discontinuation.  In some cases, the elevations resolved or 
improved without change in MRX dosing.     

Elevations in transaminases were asymptomatic and none of the liver test abnormality cases resulted in 
drug-induced liver injury or met the Hy’s law criteria. The clinical reviewer determined that it is 
biologically plausible that the liver test abnormalities may be due to underlying disease rather than a 
direct hepatotoxic effect as ALGS is characterized by cholestatic liver injury in the background of 
multisystemic syndromic abnormalities.11  The risk of liver test abnormalities will be included in the 
Warning and Precautions section of the label.  The Dosage and Administration section of the label will 
include information regarding dose modification for management of adverse events including 
recommendations for treatment interruptions, dosage reductions, and discontinuations as warranted 
for liver test abnormalities.  Instructions for dose modification to manage liver test abnormalities is 
consistent with the labeling of another ileal bile acid transporter inhibitor, odevixibat12, that was 
recently approved to treat pruritis in patients with progressive familial intrahepatic cholestasis.   
 
DHN is also recommending a post marketing commitment (PMC) for the applicant to study the long-
term safety of treatment with MRX over 5 years.  The clinical reviewer stated that this recommendation 
is being made because there is insufficient controlled data from which to draw firm conclusion regarding 
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the propensity for MRX to result in liver injury with long-term use because the pivotal trial was 
conducted over a short period of time and the data from the integrated summary of safety are 
uncontrolled.   

 
 

6. Expected Postmarket Use 

MRX is proposed for the treatment of cholestatic pruritus in patients with ALGS one year of age and 
older.  It is likely to be used in both the inpatient and outpatient setting as chronic therapy that is 
administered orally (solution) by the patient or caregiver.  The primary prescribers for MRX are likely to 
be hepatologists or pediatricians who specialize in the treatment of ALGS and are knowledgeable about 
monitoring and management of liver test abnormalities.  Treatment of ALGS may involve other 
specialists such as gastroenterologists, cardiologists or nephrologists depending on the patient’s disease 
presentation.  These specialists are also familiar with liver testing and would likely be able to manage 
abnormalities in test results.    

  

7. Risk Management Activities Proposed by the Applicant 

Mirium did not propose any risk management activities for MRX beyond labeling and routine 
pharmacovigilance.  The proposed labeling includes a Patient Package Insert and Instructions for Use.  
Per the applicant, additional risk-mitigation measures were not proposed as the safety profile of MRX is 
considered to be acceptable and well tolerated for this patient population.   

 

8. Discussion of Need for a REMS 

The Clinical Reviewer recommends approval of MRX on the basis of the efficacy and safety information 
currently available.  

ALGS is an inherited autosomal dominant rare disease that is caused by mutations in the JAGGED1 (96%) 
or NOTCH2 (4%) gene.  These mutations lead to a decreased number of bile ducts and result in bile flow 
obstruction and accumulation of bile in the liver and blood leading to hepatic manifestation such as 
chronic cholestasis and severe pruritus.  Other organ systems affected include cardiac, renal, optical and 
skeletal.  Pruritis in ALGS patients can be persistent and lead to cutaneous mutilation, mood 
disturbances, disruption of sleep and school performance, thus negatively impacting physical and 
psychosocial health, as well as quality of life overall.  Mirum submitted one pivotal trial (Study LUM001-
304) to support the efficacy of MRX in the treatment of ALGS in patients 1 year of age and older.  Results 
from the placebo-controlled period of the pivotal trial showed that on average, patients administered 
MRX for 22 weeks maintained pruritis reduction whereas those in the placebo group who were 
withdrawn from MRX after Week 18 returned to baseline pruritis scores by Week 22.   
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Maralixibat is associated with liver test abnormalities.  Treatment-emergent elevations of liver tests or 
worsening of liver tests relative to baseline values were observed during the clinical trials; none of the 
cases resulted in drug-induced liver injury or met the Hy’s law criteria.  The clinical reviewer determined 
that underlying disease may have been a contributing factor.  Prescribers who treat ALGS patients are 
likely to be familiar with the risk of liver test abnormalities and how to manage them.  The risk will be 
included in the Warning and Precautions section of the label and recommendations for dose 
modification to manage adverse events will be included in Section 2.4.  

Based on the rarity and seriousness of Alagille syndrome, the observed benefit of maralixibat and the 
likelihood that it will be prescribed by physicians with expertise in the management of patients with liver 
test abnormalities, DRM is not recommending a REMS for maralixibat.   

 

9. Conclusion & Recommendations 

Based on the available data a REMS is not necessary to ensure the benefits outweigh the potential risk 
of liver test abnormalities.  In general, healthcare providers who treat ALGS are familiar with the risk of 
liver test abnormalities in this population and the importance of patient monitoring.  At the time of this 
review, evaluation of safety information and labeling was ongoing.  Please notify DRM if new safety 
information becomes available that changes the benefit-risk profile; this recommendation can be 
reevaluated. 
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