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1. Overview 

This statistical analysis plan (SAP) describes the planned analysis and reporting for Mirum 
Pharmaceuticals, Inc. (Mirum) Study MRX-503 [An Open-label Extension Study to Evaluate the 
Long-term Safety and Efficacy of Maralixibat in the Treatment of Subjects with Progressive 
Familial Intrahepatic Cholestasis (PFIC)], based on Amendment 2, dated 18Nov2021. 

The study objectives and endpoints as described in protocol MRX-503 are based on the analysis 
of long-term safety and efficacy data collected during this extension study. The analysis 
described herein is based on safety and efficacy data collected during both the core study 
(MRX-502) and the extension study (MRX-503). The MRX-502 SAP, dated 29Sep2022, 
describes the planned analysis and reporting for the core study, protocol MRX-502: Randomized 
Double-blind Placebo-controlled Phase 3 Study to Evaluate the Efficacy and Safety of 
Maralixibat in the Treatment of Subjects with Progressive Familial Intrahepatic Cholestasis 
(PFIC), Amendment 4, dated 10May2022. 

The MRX-503 protocol, Amendment 2, specifies the analysis of MRX-503 study data in 
2 treatment groups: Placebo-Maralixibat (PBO-MRX) and Maralixibat-Maralixibat 
(MRX-MRX). The current planned analysis includes 4 treatment groups: PBO (MRX-502 data 
only), PBO-MRX (MRX-503 data for subjects on Placebo in the MRX-502 study), MRX-MRX 
(MRX-502 and MRX-503 data for subjects on MRX in the MRX-502 study), and All MRX 
(PBO-MRX and MRX-MRX data combined). 

Reference materials for this SAP include the protocols and the accompanying sample data 
collection documents. Operational aspects related to collection and timing of planned clinical 
assessments are not repeated in this SAP unless relevant to the planned analysis. 

The structure and content of this SAP provides sufficient detail to meet the requirements 
identified by the Food and Drug Administration (FDA), European Medicines Agency (EMA), 
and International Conference on Harmonization (ICH) of Technical Requirements for 
Registration of Pharmaceuticals for Human Use: Guidance on Statistical Principles in Clinical 
Trials (ICH, 1998). All work planned and reported for this SAP will follow internationally 
accepted guidelines, published by the American Statistical Association (ASA, 2018) and the 
Royal Statistical Society (RSS, 2014), for statistical practice. 

The planned analyses identified in this SAP may be included in clinical study reports (CSRs), 
regulatory submissions, or future manuscripts. Also, post hoc exploratory analyses not 
necessarily identified in this SAP may be performed to further examine study data. Any post hoc 
or unplanned, exploratory analysis performed will be clearly identified as such in the final CSR. 

The statistical plan described hereafter is an a priori plan. It will be submitted to file prior to any 
unblinded inferential or descriptive analysis of data pertaining to Mirum’s MRX-502 or 
MRX-503 studies. 
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• Maralixibat exposure 

Safety laboratory tests and associated units of measure that will be used for reporting are listed in 
Appendix 1. Bilirubin (total and direct), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), 
fibroblast growth factor 19 (FGF-19), albumin, total serum bile acid (sBA) and changes in BMI, 
weight and height z-scores over time are considered as both safety and efficacy measurements. 

2.2.2. Efficacy Endpoints 

The evaluation of efficacy is the secondary objective of the study. Primary, secondary, and 
exploratory efficacy endpoints are analyzed in the primary cohort and PFIC cohort, individually, 
in the intent-to-treat (ITT) analysis population. 

2.2.2.1. Primary Efficacy Endpoint 

The primary efficacy endpoints of this study are defined as the mean change from baseline over 
time in the average morning ItchRO(Obs) severity score. 

2.2.2.2. Secondary Efficacy Endpoints 

The secondary efficacy endpoints of this study include the following:  

• Maintenance of treatment effect described as the proportion of participants in the 
MRX-MRX treatment group who obtain ItchRO(Obs) response from  

in Study MRX-503 in the primary cohort and PFIC cohort 

• Proportion of ItchRO responders over time at each study visit using the  study 
period prior to the visit as per ItchRO(Obs) responder definition (reference Section 6.1.8) 

• Mean change from baseline over time in the average morning ItchRO(Obs) frequency 
score 

• Mean change from baseline over time in total sBA levels 

• Proportion of subjects who experience an sBA control over time from  
 as per sBA responder definition (reference Section 6.1.8) 

• Mean change from baseline over time in height and weight z-scores 

• Time from baseline to liver-associated events 
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Treatments that started before the first dose of study drug are considered prior treatments 
regardless of whether they were stopped prior to the first dose of study drug. Any treatment 
continuing or starting after the first dose of study drug will be considered as concomitant. If a 
treatment starts prior to the first dose of study drug and continues after the first dose of study 
drug, the medication will be considered as both prior and concomitant. 
Medications that treat pruritus include ATC preferred terms of rifampicin, phenobarbital, 
alimemazine, brompheniramine maleate, cetirizine hydrochloride, desloratadine, 
dexchlorpheniramine maleate, dimetindene maleate, ketotifen fumarate, levocetirizine 
dihydrochloride, loratadine, mequitazine, promethazine, promethazine hydrochloride, ornithine 
aspartate, ursodeoxycholic acid, colestyramine, naltrexone, naltrexone hydrochloride, and 
sertraline. 
For subjects in the PBO treatment group, all concomitant medications as reported on the 
MRX-502 study will be included. 

For subjects in the MRX-MRX treatment group, concomitant medications that are reported as 
ongoing at the end of the MRX-502 study, and thus ‘duplicated’ with the reported end date in the 
MRX-503 extension study, the concomitant medication as recorded in the MRX-503 database 
will be used for analysis.  

For subjects in the PBO-MRX treatment group, only concomitant medication records in the 
MRX-503 extension study database will be used for analysis. 

TEAE Data Handling 

If an event worsens in severity during the study, the lower grade event is marked as “Not 
recovered/not resolved” on the AE case report form (CRF) and an end date entered. A new event 
is recorded on the AE CRF with a start date that matches the end date, and the term recorded 
includes “Worsened” (e.g., “Worsened Headaches”). If an event becomes serious, the date that 
the event became serious is recorded on the AE CRF as the End Date of that AE and the Start 
Date of the corresponding serious adverse event (SAE).  

For subjects in the PBO treatment group, all AEs as reported on the MRX-502 study will be 
included. 

For subjects in the MRX-MRX treatment group, AEs that are reported as ongoing at the end of 
the MRX-502 study, and thus ‘duplicated’ with the reported end date in the MRX-503 extension 
study, the AE as recorded in the MRX-503 database will be used for analysis.  

For subjects in the PBO-MRX treatment group, only AE records in the MRX-503 extension 
study database will be used for analysis. 
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Partial Date Imputation 

If partial dates occur, the convention for replacing missing dates for the purpose of calculating 
derived variables is as follows: 

Partial PFIC Diagnosis Dates 

For partial original PFIC diagnosis dates: (a) if only the day is missing, and the month and year 
match the first dose date, then the day is assigned the first day of the month (01); otherwise the 
day assigned is 15; and (b) if both the day and month are missing then the day/month assigned is 
the first day of July (01JUL), as long as the date is before the first MRX-502 dose date; 
otherwise, the day/month assigned is the first day of January (01JAN). 

Partial AE or Medication Dates 

Adverse events or medications with entirely missing start dates will be classified as treatment-
emergent or concomitant, as appropriate. 

For partial AE or concomitant treatment start dates: (a) if only the day is missing, and the month 
and year match the first dose date and the end date is on or after the first dose date, then the date 
is assigned the first dose date thus the event/medication will be considered as treatment-
emergent/concomitant; if the month and/or year do not match the first dose date or the end date 
is prior to the first dose date, then the day is assigned the first day of the month (01); (b) if both 
the day and month are missing, and the year matches the first dose date and the end date is on or 
after the first dose date, then the date is assigned the first dose date; if the year does not match 
the first dose date or the end date is prior to the first dose date, then the day/month are assigned 
the first day of the year (01JAN). 

For partial end dates: (a) if only the day is missing, then the day is assigned the last day of the 
month; (b) if both day and month are missing, they are assigned the last day of the year 
(31DEC). 

Partial Liver-Associated Event Date 

For partial liver-associated event date: (a) if only the day is missing, then the day is assigned the 
first day of the month (01); (b) if both the day and month are missing, and the year matches the 
first dose date, then the date is assigned the first dose date; if the year is after the first dose date, 
then the day/month are assigned the first day of the year (01JAN). 

Dates of Birth 
Partial or complete dates of birth are not reported by the investigative sites. Complete date of 
birth is required, however, to derive a participant’s weight, height, and BMI z-scores. The 
convention for imputing missing birth dates for the purpose of statistical analysis will be based 
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on a subject’s age in years and months at the MRX-502 baseline, as defined in the MRX-502 
SAP. 

Lower and Upper Limit of Quantitation 

In general, for quantitative laboratory values reported as “<” or “≤” the lower limit of 
quantitation (LLOQ), one-half of the reported value (i.e., LLOQ/2) will be used for analysis. The 
exception to this data treatment is for plasma maralixibat concentrations that are reported as 
<LLOQ, where a value of zero will be used in calculating summary statistics. 

For quantitative laboratory values reported as “>” or “≥” the upper limit of quantitation (ULOQ), 
the reported value (i.e., ULOQ) will be used for analysis. 

Laboratory Test Results 

For analysis purposes, repeat laboratory test results will not be used unless the original 
laboratory value is missing or indicated as invalid, in which case the first non-missing repeat 
laboratory value will be used for data analysis. 

Local laboratory results are used where central laboratory results are not available. 

The International System of Units (SI) will be used in reporting all efficacy and safety laboratory 
values, unless otherwise specified in Appendix 1. 

Treatment Received in Adverse Event Listings 

For AE listings reported with the safety table summaries, treatment received at the start of the 
event will be presented. These select listings will include AE data for each of the treatment 
groups (i.e., PBO MRX-MRX, and PBO-MRX). For subjects on maralixibat, dose in units of 
μg/kg/day will be reported. For AEs that started within 7 days after the last dose of study drug, 
the last treatment received is listed. For AEs that started >7 days after the last dose of study drug, 
treatment received is blank. For AEs that started prior to the first dose of study drug, NT (Not 
Treated) will be listed. 

Subject listings, presented separate from the table summaries, will only include AEs reported 
during the MRX-503 extension study. 

Treatment Duration and Exposure 

For participants who are missing the date of last dose of study drug, for any reason, the last 
known contact date will be used in the calculation of treatment duration and study drug exposure. 
Study drug compliance will not be calculated for those participants whose date of last dose of 
study drug is unknown.   
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Censoring for Time to First Liver-Associated Event 

If a subject does not report a liver-associated event, then the time to first liver-associated event is 
censored at the last contact date. Last contact date is subject and treatment group specific. 

7. Study Subjects and Demographics 

Subject disposition, important protocol deviations, demographics, disease history and baseline 
disease, and study drug compliance will be summarized, unless otherwise noted, by treatment 
group (MRX-MRX, PBO, PBO-MRX, and All MRX) for the primary cohort, the PFIC cohort, 
and all cohorts combined (all subjects) in the Safety Population. 

7.1. Disposition of Subjects and Withdrawals 

Subject disposition will be tabulated in all enrolled subjects. 

Subject disposition will include tabulations of the number and proportion of participants in each 
of the analysis populations, completed study treatment, and discontinued early from the study 
(along with reasons for withdrawal). Percentages will be based on the number of participants in 
the Safety Population. The participant disposition tabulation will also include the number of 
families with siblings enrolled in the study, along with the total number of siblings. 

Study drug accountability and compliance listings will be prepared for all participants for data 
collected during the MRX-503 extension study, showing when the planned dosing schedule was 
not followed, along with the date and type of dosing deviation. Other MRX-503 subject 
disposition and study conduct information, including important protocol deviations will be listed. 

7.2. Protocol Violations and Deviations 

Protocol deviations will be tracked, recorded, and reviewed prior to database lock, following the 
Protocol Deviation Guidance Plans for the MRX-502 and MRX-503 studies. 
Protocol deviations will be classified as “Important” or “Not Important”. An important deviation 
poses as a relevant operational/study conduction deviation, a possible safety issue to the 
participant, or it has a potential impact on the statistical analysis of the clinical data. A non-
important deviation is identified as any protocol deviation that does not meet the criteria for an 
important deviation. Potentially important deviations will be reviewed by the Sponsor and 
Premier to determine the final classification as per the final Protocol Deviation Guidance Plan. 

The number and proportion of participants with important protocol violations/deviations will be 
tabulated by category/type and treatment group in the Safety Population, for the primary cohort, 
the PFIC cohort, and all cohorts combined (all subjects). These protocol violations/deviations 
will also be presented in a participant listing by treatment group for data collected during the 
MRX-503 extension study. 
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The final decision regarding inclusion and exclusion of participants from the PP populations will 
be based on a final listing of protocol deviations from Study MRX-502. This will be determined 
during a (blinded) review meeting before any unblinding occurs or database freeze/lock, with 
input from the Clinical and Biostatistics team members and approval from the Sponsor. 

7.3. Demographics and Other Baseline Characteristics 

Summary statistics for age at baseline, sex, race, ethnicity, region, height, height z-score, weight, 
weight z-score, BMI, and BMI z-score will be presented.  

Tabulations for age group categories, , will 
also be presented. Unless otherwise noted, age is the participant’s age at the respective baseline 
visit for all evaluations and presentations. 

Subjects reporting more than 1 race will be counted in a “More than one race” category for 
purposes of tabulating summary statistics for race. 

Disease History and Baseline Disease Characteristics 

Summary statistics will also be presented for the following baseline variables: 
• PFIC type 
• BSEP phenotype 
• time since original diagnosis of PFIC (months) 
• participants with liver masses detected on ultrasound 
•  

 
• participants above and below the median baseline sBA level; where the median is 

calculated separately for the primary cohort, PFIC cohort, and all subjects 
• baseline pruritus assessments: 

–   
 

 
–  ItchRO (Obs) 4-week morning average severity score 
–   
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–   
 

 
 

 
 

• baseline levels of biochemical markers of cholestasis and liver disease and other important 
baseline laboratory tests: 

–  total serum bile acids (sBA) 
–  ALT 
–  ALP 
–  AST 
–  GGT 
–  bilirubin (total and direct) 
–  albumin 
–   

 
 

–  25-hydroxyvitamin D 
–  alpha tocopherol 
–  prothrombin intl. normalized ratio 
–  vitamin A 
–   

 
 
 

 
Subject demographics and baseline characteristics, and medical and surgical history information 
and prior medications, will be presented in a participant listing by treatment group for data 
collected during the MRX-503 extension study. 

7.4. Prior Medications/Therapies 

Prior medications/treatments collected during the MRX-503 extension study will be presented in 
subject listings by treatment group, subject, PFIC type, ATC Class Level 2 (therapeutic main 
group) and ATC Class Level 5 (chemical substance). 
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Appendix 1:  Listing of Safety and Efficacy Laboratory Analytes 

SAFETY LABS 

Hematology 

Erythrocytes (RBC), 
106/µL 

Hemoglobin, g/dL 
Hematocrit, % 
MCV, fL 
MCH, pg 
MCHC, g/dL 
Platelets, 103/µL 
Leukocytes (WBC), 

103/µL 

Differential  
(% and 103/µL) 
• Neutrophils 
• Eosinophils 
• Basophils 
• Lymphocytes 
• Monocytes  

 

 

Clinical Chemistry 

Sodium, mEq/L 
Potassium, mEq/L 
Chloride, mEq/L 
Bicarbonate, mEq/L 
Protein, g/dL 
Calcium, mg/dL 
Phosphate, mg/dL 
Glucose, mg/dL 
Lipase, U/L 
BUN, mg/dL 
Creatinine, mg/dL 
Urate, mg/dL 
Corrected Sodium, 

mEq/L [3] 
Amylase, U/L 
Measured Osmolality, 

mOsm/kg 
Calculated Osmolality, 

mOsm/kg [3] 
Osmolar Gap, 

mOsm/kg [3] 
Anion Gap, mEq/L [3] 
 

 

Lipid Panel 

Triglycerides, mg/dL 
Cholesterol, mg/dL 
LDL-C, mg/dL 
HDL-C, mg/dL [1] 

Lipid Soluble Vitamins 

25-Hydroxy Vitamin D, ng/mL 
Vitamin A (retinol), µg/dL 
Retinol Binding Protein (RBP), 

mg/dL 
Alpha Tocopherol, mg/dL 
INR (surrogate marker for 

Vitamin K deficiency) 
Retinol:RBP Molar Ratio, 

mol/mol [3] 
Ratio of Alpha Tocopherol to 

the sum of Cholesterol and 
Triglycerides, mg/g [3] 

aPTT, sec (surrogate for LSV) 
PT, sec (surrogate for LSV) 

 
Marker of hepatocellular 
carcinoma 

Alpha-Fetoprotein (AFP), 
ng/mL 

 

 

Urinalysis [1] 

pH 
Specific Gravity 
Renal Epithelial Cells, /HPF 
Squamous Epithelial Cells, 
/HPF 
Granular Casts, /LPF 
Hyaline Casts, /LPF 
RBC Casts, /LPF 
Erythrocytes, /HPF 
Leukocytes, /HPF 
WBC Casts, /LPF 
Waxy Casts, /LPF 
Protein * 
Glucose * 
Ketones * 
Bilirubin * 
Nitrite * 
Urobilinogen * 
Leukocyte Esterase * 
Calcium Oxalate Crystals * 
Triple Phosphate Crystals * 
Uric Acid Crystals * 
Bacteria * 
Creatinine * 
Transitional Epithelial Cells * 
Occult Blood * 
Yeast Cells * 
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Appendix 2:  Listing of Lipid Soluble Vitamin Deficiency Events 

The following MedDRA Preferred Terms associated with lipid soluble vitamin (LSV) 
deficiency events are included as an AECI: 

- Vitamin A deficiency  
- Vitamin A abnormal 
- Vitamin A decreased 
- Vitamin D deficiency 
- Vitamin D abnormal 
- Vitamin D decreased 
- Vitamin E deficiency 
- Vitamin E decreased 
- Vitamin K deficiency 
- Vitamin K decreased 
- International normalised ratio increased 
- International normalised ratio abnormal 
- Blood 1,25-dihydroxycholecalciferol decreased 
- Blood 25-hydroxycholecalciferol decreased 


