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CDER Breakthrough Therapy Designation Determination Review Template
(BTDDRT)

IND/NDA/BLA # 119917
Request Receipt Date 8.30.2019
Product Maralixibat
Indication The treatment of pruritus associated with Alagille syndrome in 

patients 1 year and older.
Drug Class/Mechanism of 
Action

Maralixibat is a highly selective inhibitor of the apical sodium-
dependent bile acid transporter and prevents the bile acid absorption 
from the intestinal lumen.

Sponsor Mirum Pharmaceuticals, Inc.

ODE/Division ODE III/Division of Gastroenterology and Inborn Errors Products
Breakthrough Therapy 
Request (BTDR) Goal Date 
(within 60 days of receipt) 

October 29, 2019

Note: This document must be uploaded into CDER’s electronic document archival system as a 
clinical review: REV-CLINICAL-24 (Breakthough Therapy Designation Determination) even if 
the review is attached to the MPC meeting minutes and will serve as the official primary Clinical 
Review for the Breakthrough Therapy Designation Request (BTDR). Link this review to the incoming 
BTDR. Note: Signatory Authority is the Division Director.

Section I: Provide the following information to determine if the BTDR can be denied without 
Medical Policy Council (MPC) review.

1. Briefly describe the indication for which the product is intended (Describe clearly and concisely 
since the wording will be used in the designation decision letter):

The proposed indication for the BTDR is for “the treatment of pruritus associated with Alagille 
syndrome in patients 1 year and older”.

2. Are the data supporting the BTDR from trials/IND(s) which are on Clinical Hold?
YES NO

3. Was the BTDR submitted to a PIND? YES NO
If “Yes” do not review the BTDR. The sponsor must withdraw the BTDR. BTDR’s cannot be submitted to a 
PIND.

If 2 above is checked “Yes,” the BTDR can be denied without MPC review. Skip to number 5 for 
clearance and sign-off. If checked “No”, proceed with below:

4. Consideration of Breakthrough Therapy Criteria: 

a. Is the condition serious/life-threatening1)? YES NO 

1 For a definition of serious and life threatening see Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf

Reference ID: 4527219



2

If 4a is checked “No,” the BTDR can be denied without MPC review. Skip to number 5 for clearance and 
sign-off.  If checked “Yes”, proceed with below:

b. Are the clinical data used to support preliminary clinical evidence that the drug may demonstrate 
substantial improvement over existing therapies on 1 or more clinically significant endpoints adequate
and sufficiently complete to permit a substantive review?

YES, the BTDR is adequate and sufficiently complete to permit a substantive review
Undetermined
NO, the BTDR is inadequate and not sufficiently complete to permit a substantive review; 
therefore, the request must be denied because (check one or more below):

i. Only animal/nonclinical data submitted as evidence
ii. Insufficient clinical data provided to evaluate the BTDR

(e.g. only high-level summary of data provided, insufficient information
about the protocol[s])

iii. Uncontrolled clinical trial not interpretable because endpoints 
are not well-defined and the natural history of the disease is not
relentlessly progressive (e.g. multiple sclerosis, depression)

iv. Endpoint does not assess or is not plausibly related to a serious 
aspect of the disease (e.g., alopecia in cancer patients, erythema 
chronicum migrans in Lyme disease)

v. No or minimal clinically meaningful improvement as compared
to available therapy2/ historical experience (e.g., <5%
improvement in FEV1 in cystic fibrosis, best available
therapy changed by recent approval)

5. Provide below a brief description of the deficiencies for each box checked above in Section 4b:

If 4b is checked “No”, BTDR can be denied without MPC review. Skip to number 6 for clearance and 
sign-off (Note: The Division always has the option of taking the request to the MPC for review if the 
MPC’s input is desired. If this is the case, proceed with BTDR review and complete Section II). If the 
division feels MPC review is not required, send the completed BTDDRT to Miranda Raggio for review. 
Once reviewed, Miranda will notify the MPC Coordinator to remove the BTDR from the MPC calendar. If 
the BTDR is denied at the Division level without MPC review, the BTD Denial letter still must be cleared 
by Miranda Raggio, after division director and office director clearance.

If 4b is checked “Yes” or “Undetermined”, proceed with BTDR review and complete Section II, as MPC 
review is required.

6. Clearance and Sign-Off (no MPC review)

Deny Breakthrough Therapy Designation

Reviewer Signature: Ruby Mehta {See appended electronic signature page}
Team Leader Signature: Frank Anania {See appended electronic signature page}
Activy Deputy Director Signature: Bindi Nikhar {See appended electronic signature page}

2 For a definition of available therapy refer to Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf
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________________________________________________________________________________________
__________
Section II: If the BTDR cannot be denied without MPC review in accordance with numbers 1-3
above, or if the Division is recommending that the BTDR be granted, provide the following 
additional information needed by the MPC to evaluate the BTDR.

7. A brief description of the drug, the drug’s mechanism of action (if known), the drug’s relation to 
existing therapy(ies), and any relevant regulatory history.  Consider the following in your response. 
Information regarding the disease and intended population for the proposed indication. 
Disease mechanism (if known) and natural history (if the disease is uncommon).

Disease
Alagille Syndrome (ALGS) is a rare, autosomal dominant, multisystem disorder affecting the 
pediatric population. The estimated prevalence of ALGS is 1 in 50,000.3 ALGS has a wide 
spectrum of penetrance and can range from a subclinical presentation to a life-threatening 
condition.

ALGS is a multi-system disease, involving organs such as heart, eyes, skeleton, kidney and the 
vasculature. Manifestations and associated findings include complex congential cardiac diseases 
e.g., pulmonary stenosis (67%), tetralogy of Fallot (16%); renal disease (40%) including, renal 
tubular acidosis, renal insufficiency; skeletal abnormalities such as butterfly vertebrae (51%);
growth retardation (87%); aneurysms, cerebral and renal artery abnormalities, cerebro vascular 
accidents; subdural /epidural /subarachonoid hemorrhage, pancreatic insufficiency (41%), and
typical facial characteristics (96%). Morbidity and mortality in ALGS occurs due to the above noted
organ system involvement. The mortality is approximately 10%, secondary to vascular accidents
(intracranial bleed due to aneurysm), cardiac disease, and cholestatic liver disease leading to end-
stage liver failure, which is the most frequent cause of death.

The most common liver manifestations include cholestasis, which is characterized on liver biopsy 
by the near absence of microscopic bile ducts (interlobular bile ducts). The near absence of bile 
ducts, or ductopenia results in hypercholesterolemia, hypertriglyceridemia, hepatomegaly, 
splenomegaly, fat soluble vitamin deficiencies and its systemic complications. Cholestasis leads to 
complications such as, pruritus, xanthoma, and increased serum concentrations of bile acids (BA).
Overtime, cholestasis leads to cirrhosis and ultimately hepatic decompensation, end-stage liver 
disease in up to 15% of all cases, and death.

Pruritus is often a debilitating feature of liver disease and has a major negative impact on a 
patient’s overall quality of life with regard to how they feel. Severe pruritus can lead to cutaneous 
mutilation, loss of sleep, and clinical investigators have suggested that pruritus may lead to poor 
attention and impaired school performance. Pruritus is evident around 6-14 months after birth and
reduces in intensity by adolescence. The severity of pruritus associated with ALGS is variable and 
can vary in intensity, from mild to severe.. Generally, 2-3%4, 5 of ALGS patients undergo liver 
transplantation secondary to intractable pruritus refractory to medical treatment. In a meta-

3 Leonard LD, Chao G, Baker A, et al. Clinical utility gene card for: Alagille Syndrome (ALGS). Eur J Hum Genet 
2014;22:Article doi:10.1038/ejhg.2013.140.
4 Kronsten V, Fitzpatrick E. Baker A Management of cholestatic pruritus in paediatric patients with Alagille syndrome: The 
King’s College Hospital Experience. J Pediatr Gastroenterol Nutr 2013;57:149–54.
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analysis where Kamath et al5 summarized six articles that discussed pruritus in ALGS, prevalence 
of pruritus ranged between 45 to 85%, and severe pruritus was reported ranging between 15% to
37%. A major challenge in assessing pruritus is the instrument used to guage the efficacy of 
treatment. There is no uniform testing tool and various centers use different instruments to assess 
pruritus, and most centers don’t use any instrument for pruritus assessment. In general, literature 
concerning the natural history of pruritus, its pathogenesis, and exact prevalence is quite limited.

While considerable morbidity may be associated with pruritus in Alagille syndrome, as discussed 
below, there are no drugs approved by the FDA to treat pruritus. Antipruritic agents (such as anti-
histamine, cholestyramine etc.), are used off-label, and the efficacy fo these drugs is variable 
ranging between 5-67%4. Therefore, pruritus refractory to medical therapy in ALGS remains an
unmet medical need.

Drug
Maralixibat - Mechansim of Action (MOA)
Maralixibat is an inhibitor of the apical sodium-dependent bile acid transporter/ileal bile acid 
transporter (ASBT/IBAT). ASBT is present in the terminal ileum and mediates uptake of 
conjugated bile acids across the brush border membrane of the enterocyte in the terminal ileum. 

Sponsor’s hypothesis for clinical effectiveness to reduce refractory and severe pruritus
The sponsor hypothesizes that by inhibiting the reabsorption of BAs and promoting BA fecal 
excretion, the systemic BA pool will be decreased since the drug will disrupt the enterohepatic 
circulation. Consequently,the sponsor predicts that over time, there will be a reduction in the total 
systemic BA pool which would ultimately lead to a reduction in pruritus. As such, the sponsor also 
hypothesizes that the serum BA (sBA) may be representative of the total bile acid pool.

Figure 1: Interruption of Enterohepatic Circulation of Bile Acids by
Maralixibat

Source: Sponsor’s breakthrough determination submission package, page 13 of 86

Brief overview of the pharmacology of maralixibat

5 Kamath BM, Baker A, Houwen R, Todorova L, Kerkar N. Systematic Review: The Epidemiology, Natural History, and 
Burden of Alagille Syndrome. J Pediatr Gastroenterol Nutr. 2018b;67(2):148-156.
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Maralixibat appears to act locally in the distal small intestine and is minimally absorbed (the 
bioavailability was <1% in nonclinical studies). The parent form of maralixibat was rarely
detectable (lower l
Potential metabolites were not detected after administration of 100 mg maralixibat daily for 14 
days. The majority of orally administered maralixibat is excreted unchanged in the feces along 
with a few minor metabolites.

Reviewer Comments
Currently, the pathogenesis of pruritus is poorly understood and the exact cause of pruritus is not 
established. Most widely investigated pruritogenic substances are BA, and both cholestyramine 
and partial external biliary diversion (PEBD) reduce BA and pruritus. However, BA levels may not 
necessarily correlate with pruritus severity. In patients with acute or chronic liver failure, itching 
has been noted to disappear even though sBAs are maximally elevated. Futhermore, not all 
patients with elevated sBAs report pruritus. Pruritus with different degrees of severity may
fluctuate independently of sBA levels, inspite of steady sBA levels. Additionally, sBA levels may 
not faithfully represent hepatic bile acid levels given that sBA is actually a minor fraction of the 
total bile acid pool.

Other pruritogens include:
– Histamine (serotoninergic system)- hydroxyzine and ondansetron (5HT3 receptor antagonist)

helps treat pruritus.
– Endogenous opiate substances of the enkephalin class (central nervous system opiate 

receptors)- naltrexone helps treatcholestatic pruritus
– Substance P [lipophosphatidic acid (LPA)], autotaxin.6

To support the BTDR for MOA of maralixibat, sponsor relies on data from the surgical literature for 
the efficacy of the observed reduction in pruritus after PEBD. After PEBD there is a concomitant 
reduction in pruritus, as well as reduction in sBA. However, surgical biliary diversion removes bile. 
Bile fluid contains bile salts, cholesterol, bilirubin, phospholipids, xenobiotics, pruritogen, 
endogenous toxins, and other metabolically active and inactive substances. Since PEBD allows
removal of the bile contents, the hypothesis that BA alone may be related to pruritus reduction
may be overtly simplistic, as it is not known if the other identified substances in bile could be
potential sources of pruritus in patients with AGLS. Alternatively, is not clear whether ASBT 
inhibition by maralixibat inhibits the absorption of other pruritugens leading to improvement in a
patient’s pruritus.   

Information regarding the disease and intended population for the proposed indication.
Disease mechanism (if known) and natural history (if the disease is uncommon).

8. Information related to endpoints used in the available clinical data:

a. Describe the endpoints considered by the sponsor as supporting the BTDR and any other endpoints 
the sponsor plans to use in later trials. Specify if the endpoints are primary or secondary, and if they are 
surrogates.

6 Bergasa NV. Pruritus of Cholestasis. In: Carstens E, Akiyama T, editors. Itch: Mechanisms and Treatment. Boca Raton (FL): CRC 
Press/Taylor & Francis; 2014. Chapter 6.
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Study LUM001-304 was a 48-week study consisting of a 18-week open-label treatment period, a 
4-week randomized withdrawal period, followed by a second open-label treatment period of 26 
weeks duration.

Study LUM001-304 was planned to be a phase 2 trial; however, the sponsor proposes to use this 
as the pivotal trial for a future NDA submission. See the overview of this study in Table 1 and the 
study schema in Figure 2. According to clinicaltrials.gov, Study LUM001-304 (NCT02160782) was 
initiated on October 28, 2014.

Table 1: Study LUM001-304 Overview
Study Formulation Design # of Subjects Population
LUM001-
304
(Phase 
2)

Maralixibat 
titrated up to 
400 μg/kg/day

48-week 
multicenter study 
including: 
6-week open-
label dose 
titration period
12-week open-
label stable
dosing period
4-week 
randomized,
double-blind drug-
withdrawal period
26-week long-
term stable 
dosing period 
(which include a 
6-weeks dose 
escalation period)

31 subjects 
enrolleda

29 subjects 
randomized in 
withdrawal 
period 
13 to 
maralixibat
16 to placebo

Male or female between the ages
of 12 months and 18 years 
inclusive
Diagnosis of ALGS
sBA >3x ULN
Evidence of cholestasis
Average daily score >2 on the 
Itch Reported Outcome (ItchRO) 
questionnaire (maximum 
possible daily score of 4) for two 
consecutive weeks in the 
screening period prior to dosing. 
Daily score is the higher of the 
scores for the morning and 
evening.

aTwo subjects discontinued treatment in the initial open-label phase (18-weeks) due to post-traumatic epi- and subdural hematoma in a 3-year-old 
female and staphylococcal hand infection in a 10-year-old female. A 5-year old male with bilirubin elevation was discontinued after week 22.

Figure 2: LUM001-304 Study Schema

Source: Sponsor’s Figure 4 on page 18 of BTDR

Improvement in pruritus is considered by the sponsor as the main endpoint for the BTDR, and 
improvement in sBA is supportive.
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Pruritus was measured with 2 outcome measurement tools. One was an observer-reported 
outcome instrument called the Itch Reported Outcome - Observer [ItchRO(Obs)] for all 
patients. As a supportive assessment, the second outcome tool was used in subjects ages 9
years of age and older which was a patient-reported version, i.e., Itch Reported Outcome-
Patient [ItchRO(Pt)]. Therefore, the ItchRO(Obs) was analyzed for all patients, while the 
ItchRO(Pt) was analyzed in the subgroup of subjects 5 years of age and older. ItchRO Item 1 
is scored from 0-4, with the higher score indicating increasing itch severity. The observer and 
patient morning and evening ItchRO Item 1 are presented in Figure 3 and Figure 4,
respectively. Subjects 9 years of age or older completed the ItchRO(Pt) independently; 
subjects between the ages of 5 and 8 years of age completed the ItchRO(Pt) with the help of 
the caregiver. There is no ItchRO(Pt) report for subjects under the age of 5.

Figure 3: Morning and Evening ItchRO(Obs) e-Diary Item 1

Source: Sponsor’s Figures 1-2 on page 7 of EOP2 meeting minutes (attached to BTDR)

Figure 4: Morning and Evening ItchRO(Pt) e-Diary Item 1

Source: Sponsor’s Figures 3-4 on page 7 of EOP2 meeting minutes (attached to BTDR)
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Efficacy was measured as the mean change or reduction in fasting sBA from Week 18 to 22
(the randomized withdrawal period) in subjects who previously responded to maralixibat

baseline to Week 12 or Week 18. The 
protocol listed as a secondary endpoints the change in liver enzymes (ALT, AST, bilirubin (total 
and direct) and pruritus as measured by ItchRO (Observer ItchRO/patient ItchRO) in subjects 
who previously responded to maralixibat treatment, as defined by a reduction in ItchRO scale 
>1 point from baseline to Week 12 or Week 18. This endpoint is not a single endpoint as it 
does not specify whether the ItchRO(Obs) or ItchRO(Pt) is used, how morning and evening 
diaries are incorporated, and which summary measure of the daily diaries will be used (e.g., 
average of daily morning assessments over a week).

The sponsor states that while Study LUM001-304 was ongoing, other Phase 2 studies (Studies 
LUM001-301 and LUM001-302) reached completion, and results of these trials suggested that 
reduction in pruritus and improved quality-of-life were the most relevant treatment benefits of 
maralixibat; therefore, a “prospectively defined” statistical analysis plan (SAP) was put in place 
for Study LUM001-304 (referred to by the sponsor as the “Week 48 SAP”), and the analysis 
was conducted after all subjects had completed the 48-week treatment period, or discontinued 
prior to 48 weeks.

The Week 48 SAP does not distinguish any primary or secondary endpoints, but rather lists all
efficacy endpoints, with the pruritus endpoint (see below) listed first. Again, each of the efficacy 
endpoints listed below is not a single endpoint. The SAP states that no adjustments are made 
for multiple comparisons and “P-values will be interpreted as hypothesis generating and not
definitive.

Change from baseline (Day 0) in pruritus as measured by Itch Reported Outcome
(ItchRO) (Observer) and ItchRO (Patient) scores, as weekly morning average scores, 
weekly evening average scores, 4-week morning average scores, and 4-week evening 
average scores, at Weeks 3, 6, 12, 18, 18/ET, 20, 22, 22/ET (if applicable), 28, 38, 48, 
and 48/ET.

Change from Week 18 in pruritus as measured by the ItchRO (Observer) and ItchRO 
(Patient) weekly morning average scores, weekly evening average scores, 4-week 
morning average scores, and 4-week evening average scores at Weeks 22 and 22/ET 
(if applicable).

Change from Week 22 in pruritus as measured by the ItchRO (Observer) and ItchRO 
(Patient) weekly morning average scores, weekly evening average scores, 4-week 
morning average scores, and 4-week evening average scores at Weeks 28, 38, 48 and 
48/ET.

As there was no single pre-defined pruritus endpoint, it is of interest to evaluate multiple 
versions of the pruritus endpoint (observer vs. patient, morning vs. evening, 1-week vs. 4-week 
average) for consistency, as presented under Part 11.

Reviewer Comment
The trial LUM001-304 was positioned as a phase 2 trial, and the sponsor did not seek FDA’s 
input for the primary and secondary endpoints. The Division has generally not agreed to use 
sBA as an endpoint to assess primary efficacy in any cholestatic pruritus treatment indication
due to ambiguities in correlation between serum BA levels and pruritus (See previous 
discussion under Response 7 – Brief Pharmacology of Maralixibat). The Division has 
concluded that reduction in pruritus as assessed by patient reported outcomes (PROs) is a
reasonable clinical endpoint, as it indicates how a patient feels.
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b. Describe the endpoint(s) that are accepted by the Division as clinically significant (outcome measures)
for patients with the disease. Consider the following in your response:

A clinical endpoint that directly measures the clinical benefit of a drug (supporting traditional 
approval).

A surrogate/established endpoint that is known to predict clinical benefit of a drug (i.e., a 
validated surrogate endpoint that can be used to support traditional approval).

An endpoint that is reasonably likely to predict clinical benefit of a drug (supporting accelerated 
approval), and the endpoint used in a confirmatory trial or trials to verify the predicted clinical 
benefit.

Pruritus is a measure of how a patient feels, and therefore would be considered a clinically 
relevant endpoint if drug-related improvements could be demonstrated in an adequate and well-
controlled clinical trial, using a reliable instrument. DGIEP has accepted patient reported 
outcomes as a path for traditional approval of drugs that are intended to treat pruritus.  

Serum bile acids (sBA) are biomarkers for cholestatic liver disease; a reduction in sBAs has so far 
not been used  as a surrogate to predict clinical efficacy. Scientific evidence supports that 
elevated fasting levels of sBAs are diagnostic of liver disease; however, the relationship between 
reduction in [sBA] and improvement in pruritus is not entirely clear as indicated previously. In the 
clinical trial LUM001-304 approximately 11 patients had reduction in sBA <50% and also had 
reduction in pruritus; however, 8 patients had worsening of sBA by 20-80% ,or no improvement in 
sBA and yet had significant improvements in pruritus. And notably one patient had ~50% 
reduction in sBA and yet experienced worsening of pruritus. 

c. Describe any other biomarkers that the Division would consider likely to predict a clinical benefit for the
proposed indication even if not yet a basis for accelerated approval.                                                                      

At this time there are no biomarkers that predict clinical benefit of pruritus reduction.

9. A brief description of available therapies, if any, including a table of the available Rx names,
endpoint(s) used to establish efficacy, the magnitude of the treatment effects (including hazard 
ratio, if applicable), and the specific intended population. Consider the following in your response:

If the available therapies were approved under accelerated approval, provide the information for 
the endpoint used to support accelerated approval and the endpoint used to verify the predicted 
clinical benefit.

In addition to drugs that have been approved by FDA for the indication, also identify those 
treatments that may be used off-label for that indication.

Currently there are no approved medical therapies available to treat pruritus in ALGS.
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Table 2: Off-label Drugs used for Treatment of Pruritus in Clinical Settings
Order of antipruritic 
agent use

Medication Dose Route of 
administration

First line therapy Ursodeoxycholic acid (UDCA) 20 mg/kg/day divided in two doses Orally

Second line therapy Cholestyramine (bile acid binding 
agent)                                          

240 mg/kg/day divided into 2 to 3 
equal doses and not to exceed 8 g/day

Orally

Non sedating antihistamine 

e.g., hydroxyzine or cetrizine  

Doses for hydroxyzine* and 
cetirizine**-  see below in foot note

Orally

±Second line therapy
or Third line therapy

Rifampin 20 mg/kg/day Orally 

Third line therapy Naltrexone, 

Ondansetron 

Phenobarbital

Naltrexone 3 mg/day (range 2.5 to 
12.5 mg/day)

Ondansetrone 0.3 mg to 1 mg/kg/day, 
to a maximum dose of 8 mg/day

Phenobarbital 5 mg/kg/day

Orally

Source: Reviewer generated table

*Doses for hydroxyzine- 6 months–6 years initially 5–15 mg at night, increased if necessary to 50 mg daily in 3–4 divided doses 6–12 years initially 
15–25 mg at night, increased if necessary to 50–100 mg daily in 3–4 divided doses 12–18 years initially 25 mg at night, increased if necessary to 
100 mg in 3–4 divided doses; **Doses for cetirizine are 1–2 years 250 μg/kg twice daily, 2–6 years 2.5 mg twice daily 6–12 years 5 mg twice daily 
12–18 years 10 mg once daily.

The first line (UDCA) and the second line therapies (antihistamines) are generally the standard of 
care treatment across most centers. Cholestyramine is typically administered intermittently, due to 
its adverse effects and lack of tolerability, i.e., constipation and fat soluble vitamin deficiency.  

The use of third line agents and rifampin is dependent on physician’s clinical experience and 
preference. Among the third line agents ondansetron and naltrexone are the most commonly used 
drugs. Phenobarbital is also used but infrequently and phenothiazine is used very occasionally.
These medications can be used alone or in combination. Medical management of pruritus is 
successful in 80% patients. Patients who remain refractory to medical therapy are offered surgical 
options including molecular adsorbent recirculation system (MARS), partial external biliary 
diversion (PEBD), and these procedures are invasive. About 2-3%5 of ALGS patients require liver 
transplantation due to refractory pruritus. 

10. A brief description of any drugs being studied for the same indication, or very similar indication,
that requested breakthrough therapy designation7.

Maralixiabat was granted BTD in June 2016 for treatment of pruritus in Progressive Familial 
Intrahepatic Cholestasis (PFIC).

7 Biweekly reports of all BTDRs, including the sponsor, drug, and indication, are generated and sent to all CPMSs.
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11. Information related to the preliminary clinical evidence:

a. Table of clinical trials supporting the BTDR (only include trials which were relevant to the designation 
determination decision), including study ID, phase, trial design8, trial endpoints, treatment group(s), 
number of subjects enrolled in support of specific breakthrough indication, hazard ratio (if applicable),
and trial results.

b. Include any additional relevant information. Consider the following in your response:

Explain whether the data provided should be considered preliminary clinical evidence of a 
substantial improvement over available therapies. In all cases, actual results, in addition to 
reported significance levels, should be shown.  Describe any identified deficiencies in the trial 
that decrease its persuasiveness.

Identify any other factors regarding the clinical development program that were taken into 
consideration when evaluating the preliminary clinical evidence, such as trial conduct, 
troublesome and advantageous aspects of the design, missing data, any relevant nonclinical 
data, etc.

Safety data: Provide a brief explanation of the drug’s safety profile, elaborating if it affects the
Division’s recommendation.

Please see Response to Question # 8 for Study Design. 

Preliminary evidence of improvement on clinically significant endpoint(s)

Demographics
A total of 31 patients were enrolled, and 28 completed the study. Thirty patients were identified
as having the JAGGED1 mutation while one patient did not have an indentifiable mutation. Age 
category at enrollment was as follows- 6 patients (19.4%) were <2 years of age; 9 patients
(29%) were between age 2-4; 9 patients (29%) were between 5-8 years of age; 4 (13%) were 
between 9-12 years of age and 3 (10%) were between ages 13-18 years of age. There were 
19 (61%) males and 12 (39%) females. Three patients (10%) discontinued treatment
secondary to adverse events. These patients included post traumatic epi- and subdural 
hematoma formation in a 3-year old female; a staphylococcal infection in a 10-year old female;
and a 5-year old male with bilirubin elevation. Narratives have not been provided by the 
sponsor for causality assessment.

As the natural history of pruritus associated with ALGS is not well-understood, the results 
presented focus on the randomized withdrawal period (Week 18 to Week 22) to allow for 
comparison to placebo. Note that all p-values are nominal and there was no adjustment for
multiplicity. There was no one pre-specified way to analyze pruritus.

The weekly average morning score was defined in the Week 48 SAP as the average of the 
daily morning scores over the study week, 7 days prior to the scheduled visit. Figure 5 depicts 
the mean ItchRO(Obs) weekly average morning scores at each visit, and Table 3 presents the 
mean weekly average morning scores at Weeks 18 and 22 along with the mean change in 

8 Trial design information should include whether the trial is single arm or multi-arm, single dose or multi-dose, randomized or non-
randomized, crossover, blinded or unblinded, active comparator or placebo, and single center or multicenter.
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weekly average morning scores from Week 18 to Week 22 (i.e., during the randomized 
withdrawal phase). 

Figure 5: Observer-Reported Pruritus Severity ItchRO(Obs) Item 1 Weekly Average 
Morning Score

Source: Sponsor’s Figure 6 on page 23 of BTDR

Reviewer comment:
During the randomized, placebo-controlled 4-week withdrawal period of LUM001-304 as 
shown in Figure 5, it appears that when maralixibat was withdrawan from the patients 
randomized to the placebo arm they experienced recurrence in pruritus (similar to baseline 
levels), while patients who received maralixibat continued to experience a reduction in pruritus 
relative to their baseline symptoms. At week 22, when maralixibat administration was 
reinitiated in the patients enrolled in the placebo arm, these patients also experienced a 
reduction in their symptoms. These results suggest a clinically effective anti-pruritic effect of 
maralixibat. The anti-pruritic effect of maralixibat was maintained at week 48, suggesting 
durability of response. 

Table 3: Observer-Reported Pruritus Severity ItchRO(Obs) Item 1 Weekly Average 
Morning Score

Maralixibat
N=13

Placebo
N=16

Week 18 Mean (SD) 1.30 (0.86) 1.13 (0.85)
Week 22 Mean (SD) 1.57 (1.12) 2.84 (0.85)

Change from Week 18 to Week 22, 
Mean (SD)

+0.27 (0.77) +1.71 (1.01)

P-value 0.0002
Source: Statistical reviewer’s copilation of data from sponsor’s Table 5 on page 24 of BTDR

Reviewer comment: The mean change in pruritus from week 18 to week 22 in patients who 
were on maralixibat was +0.27 and for placebo was +1.71 suggesting that placebo patients 
experienced worsening of pruritus when not on maralixibat. The differences in pruritus scores 
between the two arms were nominally statistically significant.
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Figure 6 depicts the ItchRO(Pt) weekly average morning scores over visits. This graph only 
includes results from subjects old enough to complete the ItchRO(Pt) assessment.

Figure 6: Patient-Reported Pruritus Severity ItchRO(Pt) Weekly Average Morning Score

Source: Sponsor’s Figure 7 on page 58 of EOP2 meeting package

Reviewer Comment: In addition to assessing pruritus using ItchRO(Obs), pruritus was 
assessed using ItchRo(Pt). independently completed the patient 
instrument ItchRO(Pt). Children between ages of 5 and 8 years completed the patient 
instrument with assistance of their caregiver.Therefore the number of patients in each arm 
differs compared to the Figure 6. The results observed on the patient-reported outcome in 
Figure 7 are supportive of the the results on the observer-reported outcome in Figure 4, which 
provides reassurance that a treatment effect on pruritus is experienced by the patients.

Patient level plots of the ItchRO(Obs) weekly average morning scores at each visit are 
presented in Figure 7. The patients in the plot on the left were withdrawn from treatment at 
Week 18 through Week 22 and the patients in the plot on the right continued on maralixibat. 
These plots support the the results in Figure 5 that subjects on the placebo arm tend to have 
an increase in pruritus scores during the randomized withdrawal phase (Week 18 to Week 22), 
and then tend to improve once re-intiated on treatment. The sponsor proposes a threshold of 1 
point within-patient change as clinically meaningful. While this has not been reviewed in detail, 
the Agency agrees that this appears to be reasonable given that the ItchRO(Obs) Item 1 is a 5-
point verbal rating scale. 

Figure 7: Observer-Reported Pruritus Severity ItchRO(Obs) Item 1 Weekly Average 
Morning Score – Patient Trajectories
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Source: Sponsor’s figure on slide 7 attached to EOP2 meeting minutes (attached to BTDR)

Reviewer Comment: These plots support the results in Figure 5 that subjects on the placebo arm 
tend to have an increase in pruritus scores during the randomized withdrawal phase (Week 18 
to Week 22), but improved once maralixibat therapy was re-intiated.
As stated previously, the pruritus endpoint in the protocol was not a single endpoint, the 
endpoints in the Week 48 SAP were not delineated as primary or secondary, and no
adjustment for multiplicity was specified. Additional results to provide support regarding
pruritus are summarized in Table 4. The 4-week average is defined as the average of the daily 
scores (morning or evening as noted) over the 28 days prior to the scheduled study visit. Note 
that the 4-week average at Week 22 would span the entire treatment withdrawal period, so it is 
expected that the treatment differences averaged across this whole period would be smaller 
than those averaged across the 1 week prior to Week 22, as there could be a lingering drug 
effect early in the withdrawal period. 

Table 4: Change From Week 18 to Week 22 in ItchRO(Obs) Scores
ItchRO(Obs) Summary 

Measure
Analysis Method Sample 

Size
LS Mean Difference

(MRX- Placebo)
95% CI

For LS Mean 
Difference

p-value

Morning 1-week average ANCOVA 12 vs. 16 -1.483 (-2.122, -0.844) <0.0001
LOCF + ANCOVA 13 vs. 16 -1.370 (-2.030, -0.710) <0.0001

Morning 4-week average t-test 13 vs. 16 -0.802 (-1.245, -0.359) <0.0001
Evening 1-week average t-test 13 vs. 16 -1.564 (-2.178, -0.950) <0.0001
Evening 4-week average t-test 13 vs. 16 -0.973 (-1.376, -0.570) <0.0001
Source: Statistical reviewer’s summary of Sponsor’s results on page 10 of EOP2 meeting minutes (attached to BTDR)
LS = Least Squares; CI= confidence interval; ANCOVA = analysis of covariance using a mixed model with treatment group as a fixed effect 
and baseline value as a covariate; LOCF = last observation carried forward; t-test = 2-sample t-test assuming equal variance

Reviewer comment: The results in Table 4 evaluate the observer-reported pruritus in several ways
(i.e., morning & evening 1-week averages, morning & evening 4-week averages) as there was no one 
pre-specified way to analyze pruritus. These results are consistent with the previous results 
presented, and thus are supportive of a treatment effect of maralixibat compared to placebo.

Safety Data in the Overall Population
The most common adverse events observed during the trial include abdominal pain in 58%, diarrhea 
in 55% (22% experienced severe diarrhea), vomiting in 52%, and constipation in 10% patients.
Maralixibat can cause bile acid induced diarrhea. 

Adverse events of special interest- based on the mechanism of action of maralixibat; these are 
anticipated adverse events:
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1. Liver enzyme elevations
3 (11%) patients experienced ALT/AST elevation that were >3ULN or 5X ULN
2 (7%) patients had TB elevations >3 mg/dL or >5 mg/dL
6 (21%) patients had elevations in GGT or ALP (>2 baseline)
5 (18%) patients had elevation in INR >1.5

2. Fat soluble vitamin (FSV) deficiency
17 (54%) of 31 patients either developed new onset vitamin D deficiency or worsening of 
vitamin D deficiency as assessed by 25-hydoroxy vitamin D levels in the 48-weeks trial
3 (11%) of 28 patients either developed new onset vitamin E deficiency or worsening of vitamin 
E deficie -Tocopherol levels during the 48-weeks trial
5 (18%) of 28 patients either developed new onset vitamin A deficiency or worsening of vitamin 
A deficiency as assessed by vitamin A levels during the 48-weeks trial
14 (50%) of the 28 patients either developed new onset elevations in INR (measure of vitamin 
K deficiency) and of these 2 patients has elevated INR at baseline and experienced further 
worsening of INR during the 48-weeks trial.

o Vitamin K deficiency can exacerbate the coagulopathy and can lead to hematomas and 
hemorrhage in population that is already at high-risk of developing these complications. 
The adverse event observed in patients enrolled in trialLUM001-304 include subdural 
hemorrhage (n=1) and extradural hematoma (n=1), and are difficult to adjudicate
whether these are drug related ot secondary the disease.

Limitations of Study and Data Submitted with BTDR
Sponsor has not provided the information on the use of concomitant anti-pruritic medications in 
patients who were enrolled in treatment trial.

Narratives for patients who discontinued the drug were not provided, and the causality of 
adverse events experienced by the patients cannot be ascertained.

During the End-of-Phase 2 (EOP2) meeting, the division expressed concern with this 
randomized withdrawal study design as there was only a relatively short period (4 weeks) of 
placebo-controlled data, and that demonstration of durability of effect is important for a 
treatment intended to be used long-term. The sponsor responded that the 4-week withdrawal 
phase of the 48-week study was intentionally short to limit the hardship for study participants 
and their families from possible recurrence of debilitating pruritus. The sponsor believes the 
long-term open-label efficacy data shows that the treatment effect is durable.

The sponsor also mentions previous Phase 2 studies in ALGS patients, Studies LUM001-301
(37 subjects) and LUM001-302 (20 subjects), along with their open-label extension studies, 
LUM001-305 and LUM001-303 respectively, in the BTDR. These studies were randomized, 
placebo-controlled studies with a 13-week treatment period (up to a 5-week dose-escalation 
included) which evaluated lower doses of 70, 140, and 280 μg/kg/day. The reviewer notes that 
these studies did not appear to show dose-dependent improvement in the response for the 
ItchRO(Obs) score. These studies evaluated lower doses than that examined in Study 
LUM001-304, and results from these studies are not the focus of the BTDR; therefore, efficacy 
results from Study LUM001-304 were assessed for this BTDR.

12. Division’s recommendation and rationale (pre-MPC review):
GRANT:
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Provide brief summary of rationale for granting:

Conclusion

Pruritus can be a debilitating symptom and can be a source of significant morbidity in ALGS.
Currently, there are no FDA approved treatments for pruritus in ALGS. Even though there was 
no pre-specfied endpoint for the assessment of pruritus, the data is consistent when analysed 
in different ways, i.e., observer-reported itch using 1-week and 4-week averages of the 
morning and evening scores (Figure 5, Table 3, Table 4), and patient-reported itch using 1-
week averages of the morning scores (Figure 6).The durability of treatment response was also 
observed, i.e., patients who were continued on maralixibat treatment had a mean reduction in 
pruritus for 48-weeks.

The Division agrees that there is substantial clinical evidence that maralixibat improves 
pruritus and recommends granting BTDR for pruritus in this rare but debilitating disease.

Note, if the substantial improvement is not obvious, or is based on surrogate/pharmacodynamic endpoint data 
rather than clinical data, explain further.

DENY:

Provide brief summary of rationale for denial:

Note that not looking as promising as other IND drugs is not a reason for denial; the relevant comparison is 
with available (generally FDA-approved) therapy. If the Division does not accept the biomarker/endpoint used 
as a basis for traditional approval or accelerated approval or as a basis for providing early clinical evidence of a 
substantial improvement over available therapy, explain why:

13. Division’s next steps and sponsor’s plan for future development:

a. If recommendation is to grant the request, explain next steps and how the Division would advise the 
sponsor (for example, plans for phase 3, considerations for manufacturing and companion diagnostics, 
considerations for accelerated approval, recommending expanded access program):

The sponsor has already decided to submit an NDA to the FDA, the pre-NDA meeting is
scheduled on 19 November 2019, and it is anticipated that sponsor will likely submit its NDA
late in the first quarter of 2020. 

b. If recommendation is to deny the request and the treatment looks promising, explain how the Division 
would advise the sponsor regarding subsequent development, including what would be needed for the 
Division to reconsider a breakthrough therapy designation:

14. List references, if any: N/A

15. Is the Division requesting a virtual MPC meeting via email in lieu of a face-to-face meeting? YES
NO

16. Clearance and Sign-Off (after MPC review):

Grant Breakthrough Therapy Designation
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Deny Breakthrough Therapy Designation

Reviewer Signature: {See appended electronic signature page}
Team Leader Signature: {See appended electronic signature page}
Division Director Signature: {See appended electronic signature page}

Revised 3/18/19/M. Raggio
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IND 119917 
 

MEETING MINUTES 
 
Mirum Pharmaceuticals, Inc. 
Attention: Myleen Ignacio, M.S., RAC  
Executive Director, Regulatory Affairs 
950 Tower Lane 
Suite 1050 
Foster City, CA 94404 
 
Dear Ms. Ignacio:1 
 
Please refer to your Investigational New Drug Application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for maralixibat. 
 
We also refer to the meeting between representatives of your firm and the FDA on 
November 19, 2019. The purpose of the meeting was to seek agreement with the Food 
and Drug Administration (FDA) on the adequacy of the efficacy and safety data 
provided in the End of Phase 2 (EOP2) briefing package, in conjunction with the 
additional data and analyses, as requested by the Agency and agreed by Mirum in the 
EOP2 meeting minutes and the Written Response Only, to support an NDA submission 
of maralixibat for the treatment of pruritus associated with Alagille Syndrome (ALGS) in 
patients 1 year of age and older and also to uncover any major unresolved problems, to 
identify those studies that Mirum Pharmaceuticals, Inc. (Mirum) is relying on as 
adequate and well-controlled to establish the drug's effectiveness, to identify the status 
of ongoing or needed studies adequate to assess pediatric safety and effectiveness, to 
acquaint FDA reviewers with the general information to be submitted in the marketing 
application (including technical information), to discuss appropriate methods for 
statistical analysis of the data, and to discuss the best approach to the presentation and 
formatting of data in the marketing application. 
 
A copy of the official minutes of the meeting is enclosed for your information.  Please 
notify us of any significant differences in understanding regarding the meeting 
outcomes. 
 

                                                           
1 We update guidances periodically. For the most recent version of a guidance, check the FDA Guidance 
Documents Database https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
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U.S. Food and Drug Administration 
Silver Spring, MD 20993 
www.fda.gov 

If you have any questions, call me at 301-796-4075. 
 

Sincerely, 
 
{See appended electronic signature page} 

 
Evangela Covert, BS 
Senior Regulatory Health Project Manager 
Division of Gastroenterology and Inborn Errors 
Products 
Office of Drug Evaluation III 
Office of New Drugs 
Center for Drug Evaluation and Research 
 

 
Enclosure: 

• Meeting Minutes 
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MEMORANDUM OF MEETING MINUTES 

 
Meeting Type: B 
Meeting Category: Pre-NDA 
 
Meeting Date and Time: November 19, 2019; 10:00AM - 11:00AM (Eastern Standard 

Time)  
Meeting Location: 10903 New Hampshire Avenue 
 White Oak Building 22, Conference Room: 1311 
 Silver Spring, Maryland 20903 
 
Application Number: 119917 
Product Name:  maralixibat  
 
Indication: Treatment of pruritus associated with Alagille syndrome 

(ALGS) in patients 1 year of age and older 
Sponsor Name: Mirum Pharmaceuticals, Inc. 
 
Meeting Chair: Dr. Frank Anania 
Meeting Recorder: Evangela Covert 
 
FDA ATTENDEES 
Bindi Nikhar, M.D., Acting Deputy Director, Division of Gastroenterology and Inborn 
Errors Products (DGIEP) 
Frank Anania, M.D., Acting Clinical Team Leader, DGIEP 
Ruby Mehta, M.D., Medical Officer, DGIEP 
Dilara Jappar, Ph.D., Clinical Pharmacology Reviewer, Division of Clinical 
Pharmacology III (DCPIII) 
George Kordzakhia, Ph.D., Statistical Team Leader, DBIII 
Rebecca Hager, Ph.D., Statistical Reviewer, DBIII 
Yura Kim, Ph.D., Statistical Reviewer, DBIII 
Hyoyoung Choo-Wosoba, Ph.D., Statistical Reviewer, DBIII 
Lili Garrard, Ph.D., Statistical Reviewer, DBIII 
Ebony Dashiell-Aje, Division of Clinical Outcome Assessments Team Leader (Acting) 
Ethan D. Hausman, M.D., Medical Officer, Division of Pediatric and Maternal Health 
(DPMH) 
CAPT. Gettie Audain, DHSc, MPH, BSN, RN, APHN-BC, Senior Regulatory Health 
Project Manager, DPMH 
 
SPONSOR ATTENDEES 
Mike Grey, B.S. Executive Chairman, Mirum 
Chris Peetz, M.B.A. Chief Executive Officer, Mirum 
Ed Tucker, M.D., M.B.A. Chief Medical Officer, Mirum 
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Pam Vig, Ph.D. Chief Scientific Officer, Mirum 
Lara Longpre, M.S., M.B.A. Chief Development Officer, Mirum 
Thomas Jaecklin, M.D. Clinical Lead, Mirum 
Nicola Jessop, M.D. Senior Medical Director, Mirum 
Sherin Halfon, Ph.D. Vice President of Chemical Manufacturing Control, Mirum 
Myleen Ignacio, M.S. Executive Director, Regulatory Affairs, Mirum 
Stephanie Lee, Regulatory Manager, Mirum (via telephone) 
Gina Forte, M.P.H. Director, Program Management Strategy, Mirum (via telephone) 

 
1.0 BACKGROUND 
 
The purpose of this meeting is to seek agreement with the Food and Drug 
Administration (FDA) on the adequacy of the efficacy and safety data provided in the 
End of Phase 2 (EOP2) briefing package, in conjunction with the additional data and 
analyses, as requested by the Agency and agreed by Mirum in the EOP2 meeting 
minutes and the Written Response Only, to support an NDA submission of maralixibat 
for the treatment of pruritus associated with Alagille Syndrome (ALGS) in patients 1 
year of age and older. Also, the meeting will help uncover any major unresolved 
problems, to identify those studies that Mirum Pharmaceuticals, Inc. (Mirum) is relying 
on as adequate and well-controlled to establish the drug's effectiveness, to identify the 
status of ongoing or needed studies adequate to assess pediatric safety and 
effectiveness, to acquaint FDA reviewers with the general information to be submitted in 
the marketing application (including technical information), to discuss appropriate 
methods for statistical analysis of the data, and to discuss the best approach to the 
presentation and formatting of data in the marketing application.  
  
FDA sent Preliminary Comments to Mirum Pharmaceuticals, Inc. on November 15, 
2019.  Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019. 
 
2. DISCUSSION 
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Questions from Mirum Pharmaceuticals, Inc. are in plain text. Responses from the FDA 
are in bold text. Comments from Mirum Pharmaceuticals, Inc. are in italics. Meeting 
Discussion is in bold italics. 
 
2.1. Clinical 
 

Question 1: Can the Agency comment on the adequacy of the proposed clinical 
data package to support filing an NDA for maralixibat for the treatment of pruritus 
associated with ALGS in pediatric patients 1 year of age and older? 
 
FDA Response to Question 1:  
From the initial review of the elements contained in your meeting request, it 
appears you may have sufficient data to support submitting an application for 
a marketing review for maralixibat for the treatment of pruritus associated with 
ALGS in pediatric patients 1 year of age and older. We remind you, however, 
that sufficiency of data to support submission of an NDA for marketing review 
is distinct from determination of the adequacy of the data that ultimately 
would support marketing approval. 
 
 Also, whether the application is fileable will be determined after the 
submission of your complete application is received at the Agency. Please see 
“Refuse to File: NDA and BLA Submissions to CDER Guidance for Industry”2 
and the CFR references therein for complete information on what is needed for 
filing. If the review team does not identify any filing review issues, you will be 
informed of this fact no later than 14 calendar days after the 60-day filing date 
(day 74) post final submission.  
 
As such, the ages for whom your drug may be labeled will be established 
upon review of the safety and efficacy of supportive data submitted in your 
NDA.  
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
1): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
Question 2:  Mirum proposes to not conduct an integrated summary of efficacy 
(ISE) across clinical studies in the NDA. Does the Agency agree with proposed 
approach for the ISE for submission of the NDA? 
 
FDA Response to Question 2: 

                                                           
2 https://www.fda.gov/media/109758/download 
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We remind you that evaluation of efficacy mainly relies on the results of 
individual studies. In your case, primary basis for evaluation will be the 
efficacy results of your phase 2 trial (LUM001-304).  
 
Regarding the ISE, we agree that it is reasonable not to pool efficacy data from 
Study LUM001-304 with efficacy data from the other studies due to differences 
in study designs, dosage, and treatment durations. 
 
Note under 21 CFR 314.50(d)(5)(v), the ISE is required for an NDA submission. 
In some cases, the Summary of Clinical Efficacy (SCE) can serve as the ISE if 
the appropriate data can be included within the space limitations of the SCE. 
According to the guidance for industry, Integrated Summaries of Effectiveness 
and Safety: Location Within the Common Technical Document 
(https://www.fda.gov/media/75783/download), “If the narrative portion of the ISE 
or ISS is suitable for use in section 2.7.3 or 2.7.4, the narrative portion should 
be submitted only once and referenced in both Module 2 (section 2.7.3 or 
2.7.4), as well as in Module 5, section 5.3.5.3 (i.e., provide leaf elements in both 
locations).” 
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
2): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
Question 3:   Mirum proposes to conduct an integrated summary of safety (ISS) 
with all ALGS maralixibat studies. Does the Agency agree with proposed approach 
for the ISS for submission of the NDA? 
 
FDA Response to Question 3: 
Sufficient details have not been provided regarding the ISS to agree at this 
time. We recommend that you submit a detailed analysis plan for the ISS 
incorporating all the following elements: 
 
• Clearly define the adverse events of special interest (AESI). Please see 

Additional Comments for more details.  
• Specify comparisons to be made, which studies will be used to make such 

comparisons, and the analyses that will be conducted to evaluate the 
comparisons. 

• While there are limitations in analyzing comparative safety data from the 
randomized withdrawal design of Study LUM001-304, we recommend the 
following comparisons/analyses for the Alagille patient population: 
 

o Compare safety data between the maralixibat arm and placebo arm 
during the randomized withdrawal period (i.e., Week 18 to Week 22).  
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Even if no difference in safety outcomes exist between maralixibat 
and placebo during the 4-week randomized withdrawal period, this 
will not necessarily equate to evidence of safety, as there could be 
residual drug effects that carry over in the placebo arm in the 
withdrawal period. 
 

o Summarize results before and after the randomized withdrawal 
period (i.e., no comparison) in Study LUM001-304.  

 
o You may consider modeling the dose-response for several of the 

most important AESI using the placebo-controlled data on lower 
doses of maralixibat (70, 140, and 280 μg/kg QD) from Studies 
LUM001-301 and LUM001-302, stratifying by study. 

 
Additionally, it may be informative to create a separate model which 
also includes safety data from the open-label treatment period of 
Study LUM001-304 to evaluate doses up to 400 μg/kg QD.  
 

• Safety information from different diseases (e.g., PFIC) may be informative if 
the data are available. These data could be examined separately, and also 
incorporated into a similar model to what is described above, stratifying by 
disease. 

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
3): 
Mirum thanks the Agency for their comments and would like to gain the Agency’s 
agreement during the meeting on Mirum’s plan to seek the Agency’s consultation 
through a WRO meeting in the future on the detailed analysis plan outlining all the 
elements above for the ISS and taking into consideration Section 6.0 on the safety 
analysis strategy for the ISS prior to NDA submission, as recommended by the 
Agency. Does the Agency find this plan acceptable?  
 
Meeting Discussion: 
Mirum stated they would submit a WRO meeting request for discussion of 
their ISS Statistical Analysis Plan and FDA agreed the requested approach is 
acceptable. FDA also requested that Mirum submit longitudinal data for 
vitamin levels (e.g., fat soluble vitamins) as line listings as well as eCRFs and 
clinical assessment for any possible cases of clinically manifest vitamin 
deficiency. Mirum agreed with this recommendation. In addition, Mirum 
intends to submit data for growth and for Tanner staging for any pediatric 
patients upon whom Tanner staging was performed at the time of NDA 
submission. 

 
Question 4:  Does the Agency agree  
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FDA Response to Question 4: 
Your background materials do not provide an adequate justification to 
establish 

 

 
 

 
 

 
We remind you that if you intend to  

 
, you will need to submit scientific justification substantiated with 

clinical data that is included in your NDA submission  
 

  
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
4): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 
 
Meeting Discussion: 
FDA requested clarification . Mirum mentioned that 
they have data  

Mirum 
plans to submit these data with their NDA submission  

  
 

Question 5:    As part of the NDA, Mirum proposes to submit a post-marketing 
pharmacovigilance plan to conduct routine post-market pharmacovigilance for 
maralixibat and does not plan to submit a Risk Evaluation Mitigation Strategies 
(REMS). Is Mirum’s approach acceptable to the Agency? 
 
FDA Response to Question 5: 
While it is reasonable to submit a routine post-marketing pharmacovigilance 
plan at the time of your NDA submission, at this time, it is premature to decide 
whether a REMS will ultimately be necessary. Whether a REMS requirement is 
necessary will be determined following the FDA’s review of your application.   
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
5): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 
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Question 6:  Does the Agency agree with the proposed plan for the NDA 120-day 
safety update? 
 
FDA Response to Question 6: 
Your approach for proposed plan for NDA 120-day safety update appears 
reasonable.  
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
6): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. It is understood that the timing of 
the submission of this update will be contingent on the Agency’s agreement to 
Mirum’s new proposed schedule for rolling review (Mirum additional response to 
Question 12). 

 
Question 7:  Does the Agency agree with a) the proposed  
for the Food Effect Study with the to-be-marketed formulation and b) Mirum’s plan to 
submit a TQT waiver request if the ECG findings from the proposed Food Effect 
Study are unremarkable and the hERG inhibition study is negative? 
 
FDA Response to Question 7: 
a) Your proposal regarding a food effect study with  

with the to-be-marketed formulation is reasonable provided that maralixibat 
exhibits a linear PK between  doses.  In your 
submission, clarify how your proposed drug was administered in relation 
to food intake in all clinical trials that support the safety and efficacy of the 
drug in target population.    
 

b) We do not agree with your plan because you have not provided sufficient 
information about maralixibat systemic exposure at the therapeutic doses 

  
 

If the systemic exposure at the highest therapeutic dose in the food study 
 is deemed low, you may use the data from this study, 

together with a large safety margin from in vitro hERG assay, to support a 
request to waive a TQT study. Otherwise, we recommend a QT study to 
characterize the effect of maralixibat on the QT/QTc interval because the 
food effect study is not properly designed to exclude small increases in the 
QTc interval (per ICH E14). 

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
7): 
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Mirum thanks the Agency for their comments on the proposed Food Effect Study, 
and in light of the preliminary comments received from the Agency, Mirum would like 
to gain agreement during the meeting on Mirum’s new proposed plan. 
 
Given the minimally absorbed nature of maralixibat, linear PK between  

 may not be observed. Mirum proposes 3 dose groups for the 
Food Effect Study:  
in both fasted and fed states, and a single dose of 100 mg under fasted conditions to 
provide supra-therapeutic exposures to be included as part of the TQT waiver 
request.  
 
Serial triplicate ECGs time-matched to PK sampling will be collected at baseline and 
under fasted conditions at each of the 3 doses of maralixibat. If significant exposure 
is observed at therapeutic concentrations, a cQT analysis will be conducted in 
accordance with recommendations provided in Garnett et al. (Scientific White Paper 
on Concentration-QTc Modeling, Journal of Pharmacokinetics and 
Pharmacodynamics (2018) 45:383–397). Both the protocol and the cQT analysis 
plan, along with associated in vitro data (hERG channel study and in vitro 
assessments of drug-drug interaction potential), will be submitted to the IRT for 
review prior to initiation of the study. 
 
In addition, per Agency’s request, Mirum agrees to clarify how the drug was 
administered in relation to food intake in all clinical trials that support safety and 
efficacy of the drug target population in the NDA submission.  
 
Meeting Discussion: 
Mirum will provide the protocol, cQT analysis plan, and results from the hERG 
study to the QT-IRT.   FDA may provide additional comments after 
consultation with IRT-QT team.  

 
Post-Meeting Comment from IRT-QT Team: 
Your proposal to submit the protocol and results from the hERG study is 
acceptable.  A study without a proper placebo control cannot be used as a 
substitute for a TQT study to exclude small mean effect on the QT/QTc 
interval.  However, if the exposures obtained in the proposed food effect study 
show low systemic exposure at the highest therapeutic dose, you could use 
the data from this study, together with a large safety margin from an in vitro 
hERG assay, to support a request to waive a TQT study.  The need for a TQT 
study will be a review issue depending on PK properties of the study drug and 
results from the planned food effect study. 

 
Question 8a:  Can the Agency confirm Mirum’s interpretation of the 18 June 2019 
EOP2 meeting minutes recommendation to use “…adequately validated assay 
methods in a consistent manner to measure any biomarker that are important for 
safety or efficacy assessments throughout the development program. The same 
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assay methods should be used across the study sites throughout the study duration 
or a central laboratory. If multiple bioanalytical assay methods/local laboratories will 
be used, we recommend that cross-comparison among methods be performed to 
allow comparison of biomarker values obtained by different assay methods 
(reference to Guidance for Industry Bioanalytical Method Validation”? 
 
FDA Response to Question 8a: 
All liver biochemical parameters included as secondary endpoints, including 
serum bile acids, should be assessed using a validated assay to assure 
consistency of measurements across a multi-center clinical trial.  We 
recommend that you submit the assay methods and validations for liver 
laboratory measurements: serum ALT, AST, GGT, ALP, coagulation profile 
(PT, INR), direct bilirubin and total bilirubin (TB).  In your submission, clarify if 
samples from a given patient were analyzed by the same assay method over 
time.  
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
8a): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
Question 8b:  Does the Agency have any other comments regarding the validation 
of the assay method that would facilitate the review? 
 
FDA Response to Question 8b:   
We recommended that you submit all PK and/or PD (e.g., serum bile acids) 
bioanalytical method validation reports and bioanalytical study reports for PK 
and/or PD assessments used in clinical studies. In addition, we recommend 
that you submit tables summarizing the bioanalytical methods and the life-
cycle information using the templates available in the ‘Bioanalytical Methods 
Templates’ Technical Specifications Document (https://go.usa.gov/xVsdJ) and 
submit the tables in the Appendix of the Summary of Biopharmaceutics 
located in eCTD 2.7.1. 
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
8b): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
2.2. Regulatory 
 

Question 9:  Does the Agency have any comments on the dossier table of contents 
and proposed location of reports? 
 
FDA Response to Question 9: 
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Your overall approach seems reasonable. Please also see our response to 
Question 2. For more details please refer to 21 CFR 314.50-- Content and 
format of an NDA; and see FDA draft guidance for industry - Standardized 
Format for Electronic Submission of NDA and BLA Content for the Planning of 
Bioresearch Monitoring (BIMO) Inspections for CDER Submissions Guidance 
for Industry at: https://www.fda.gov/media/85056/download .  

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
9): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
Question 10:  Does the Agency agree with the proposed data format of the datasets 
to be provided in the NDA? 
 
FDA Response to Question 10:   
We agree with your proposal to submit Clinical Data Interchange Standards 
Consortium (CDISC) compliant Study Data Tabulation Model (SDTM) and 
Analysis Data Model (AdaM) datasets. 
 
The dataset documentation should include sufficient detail, such as 
definitions or descriptions of each variable in the data set, algorithms for 
derived variables (including source variables used), and descriptions for the 
codes used in factor variables. 
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
10): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 

 
Question 11:  Mirum intends to request Priority review of its NDA for maralixibat for 
the treatment of pruritus associated with ALGS. Does the Agency have any 
comment regarding this request? 
 
FDA Response to Question 11: 
The determination of whether an application qualifies for priority review is 
made at the time of NDA filing. See FDA Guidance for Industry- Expedited 
Programs for Serious Conditions - Drugs and Biologics at: 
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformatio
n/guida nces/ucm358301.pdf 
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
11): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. 
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Question 12:  Does the Agency have any comments on Mirum’s proposed schedule 
for rolling review of the NDA? 
 
FDA Response to Question 12: 
Rolling review submission is acceptable for this application.  
 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 (Question 
12): 
Mirum thanks the Agency for their agreement on Mirum’s initial proposed schedule 
of submission of sections of the NDA via Rolling review in the Pre-NDA 
Supplemental Briefing Document SN0086, and would like to gain further agreement 
from the Agency on Mirum’s new proposed schedule for rolling review during the 
meeting. 
 
Based on the FDA preliminary comments to Question 1 as well as the Type C CMC 
meeting granted for 19 November 2019, Mirum is re-evaluating the timelines for 
each section of the NDA. Mirum now proposes to use a data cut-off date of 
December 2019 for the interim clinical study reports for the pivotal study LUM001-
304 and the ongoing open-label extension studies LUM001-303 and LUM001-305, 
to make the submission of the clinical section of the NDA available in August 2020. 
This earlier data cut off would have no impact on the number of ALGS subjects 
exposed at relevant exposures for 6 months and one year. Furthermore, based on 
the upcoming discussion with the Agency at the Type C CMC meeting on 19 
November 2019, additional drug product stability data may be required at time of 
NDA submission. Under these circumstances, Mirum would like to discuss with the 
Agency if up to 7 months between the first section and the final section of the NDA 
to be submitted would be acceptable for rolling review.  
 
Meeting Discussion: 
Mirum was to meet with the FDA’s CMC team on 11/19/19, i.e., later in the day, 
to discuss stability data and other CMC issues for maralixibat. If an agreement 
was to be made with FDA’s CMC team (see Mirum’s response above), Mirum 
proposed to submit a complete NDA in September 2020. Otherwise, Mirum 
would use a rolling review to submit clinical and non-clinical data by 
September 2020, followed by submission of the CMC data in the first quarter 
of 2021.  
 
Additionally, FDA asked Mirum to notify FDA when their risk analysis for 
Human Factors is complete such that this could be reviewed by the Division of 
Medical Error Prevention and Analysis (DMEPA)/Office of Surveillance and 
Epidemiology (OSE) to decide eventually whether Human Factors studies 
would need to be conducted. If indeed Human Factors studies would be 
needed, results from such studies would need to be submitted with the NDA 
application.  
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    Post-Meeting Comments:   
    Mirum informed the Review Division on 21 November 2019, following its 

meeting with CMC, that its application will be a rolling submission as described 
above with non-clinical and clinical data submission likely in September 2020, 
followed by submission of CMC data early in the first quarter of 2021.  

  
Additional Comments: 

 
1. The sponsor should include all COA-related analyses in a standalone COA 

dossier and submit the dossier to Module 5.3.5.4 of the NDA. The Sponsor 
should also submit to Module 5.3.5.4 all datasets and program codes used 
for the COA-related analyses, along with the dataset reviewer’s guide, 
define.pdf, and annotated CRFs (aCRFs). 

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. This requested information will be 
provided in the NDA. 

 
2. For your clinical studies, include all components supporting the study 

reports, such as protocols and amendments (with dates), SAPs, generated 
treatment assignment lists, the actual treatment allocations (along with the 
date of randomization), annotated CRFs, etc. 

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. This requested information will be 
provided in the NDA. 

 
3. Present the following AESI in detail: 

a. Fat soluble vitamin deficiency 
b. Diarrhea 
c. Hepatotoxicity  

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. This requested information will be 
provided in the NDA. 

 
4. Hepatotoxicity must be assessed by an external hepatic adjudication 

committee. This committee must consist of at least three hepatologists 
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who are experts in adjudicating drug-induced liver-injury (DILI). We 
recommend that hepatotoxicity due to maralixibat must be adjudicated 
across all pediatric and adult development programs in a blinded manner.  

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and would like to further discuss and 
reach agreement on Mirum’s proposed plan for conducting an external hepatic 
adjudication committee per Agency’s request during the meeting.  
 
Mirum plans to convene an external committee of three DILI experts (with at least 
one pediatric hepatologist) to assess the liver safety for maralixibat. This 
adjudication will include all current and recently completed pediatric and adult liver 
disease indications (ALGS, PFIC, PSC, PBC). Subjects who were enrolled in the 
legacy hypercholesterolemia studies conducted by a prior Sponsor will not be 
included.  
 
Mirum proposes that the pediatric cases reviewed in a blinded fashion by 
independent DILI experts in the previously submitted Liver Safety Report (EOP2 
Briefing Package Appendix 7 SN0072) will not be re-adjudicated. 
 
Meeting Discussion: 
FDA agreed that previously adjudicated DILI cases do not need to be re-
adjudicated and can be submitted with the NDA, however, DILI cases that have 
not previously been adjudicated would need to be adjudicated by three DILI 
experts (including a pediatric hepatologist). As such, the approach proposed 
by Mirum was acceptable.  
 
Mirum will submit the CSR from the hypercholesterolemia trial that will include 
a discussion regarding patients who experienced hepatotoxicity (Also see 
Post-Meeting comment below).   

 
FDA asked Mirum to submit data for transaminase and bilirubin excursions in 
patients over the course of the clinical trial LUM-001-304 given that such data 
could help inform temporal association, including duration of treatment after 
which transaminase elevations were seen, elevations leading to treatment 
discontinuation, period of treatment interruption, optimal time for drug 
reinstitution, i.e., re-challenge, as well as drug discontinuation all together. 
Overall this would help provide a comprehensive picture of hepatoxicity that is 
important for a drug meant for chronic use in Alagille syndrome patients.  
 
Post-Meeting Comment: 
Mirum should also submit the eCRFs for patients enrolled in the 
hypercholesterolemia studies who experienced hepatotoxicity events which 
would allow for FDA review and assessment of these events.  
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5. Provide the detailed natural history of liver enzyme variability in ALGS 

patients. Also provide raw data from subjects in a format that will enable 
interpretation of the following liver laboratory measurements: serum ALT, 
AST, GGT, ALP, coagulation profile (PT, INR), direct bilirubin and total 
bilirubin (TB).  We note that as presented in your briefing document, 
(Section 4.9.3 submitted on 10/2/2019), the graphs depicting the natural 
history of progression for ALT, AST, GGT, and TB are uninterpretable.  

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments on the detailed natural history of liver 
enzyme variability in ALGS patients.  Mirum does not have direct access to the raw 
data of this natural history cohort; ultimately the provision of this data is subject to 

 IRB approval. However, per the 
Agency’s request, Mirum plans to coordinate with  for the provision of data 
to be submitted directly to the Agency. 
 
Mirum proposes not to analyze ALP data. Due to significant confounders, especially 
bone growth in children, GGT is used instead of ALP for monitoring of cholestatic 
liver disease by pediatric hepatologists. 
 
Meeting Discussion: 
FDA recommended that the dataset for the natural history study could be 
submitted separately to the Agency, i.e., Dr. Kamath could submit the natural 
history data to the Drug Master File (DMF) files. This would allow data 
confidentiality to be maintained while maintaining Sponsor blind to the 
datasets.  FDA agreed that instead of date of birth, age in month and years 
could be used to maintain patient anonymity. These data should include 
pertinent elements for example, transaminases, ALP, GGT, TB, as well as 
major events such as liver decompensation events, history of partial biliary 
diversion, liver transplantation, cardiac procedures, major illnesses, as well as 
any other events that may have impacted liver biochemistry in the datasets. 
FDA recommended that the clinical protocol used to collect the data also be 
submitted simultaneously.  
 
Post-Meeting Comment: 
It is recommended that DMF staff be contacted to discuss logistics prior to 
submitting these data. If the natural history datasets were indeed to be 
submitted to a DMF, a Letter of Authorization (LOA) referencing the DMF 
would need to be submitted to Mirum’s IND and NDA.  

 
6. The FDA has provided the necessary documents (see Appendix) which 

must be used to submit data for hepatoxicity that may be observed during 
your pivotal study. Standard requirements for case narratives and eDISH 
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plots must be submitted in the specified format for all data for every patient 
with suspected hepatic injury secondary to DILI.  
 
In addition, ALT and TB should be plotted using upper limit of normal 
(ULN), and not on the basis of logarithmic values in eDISH plots. 
 

Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and may consider seeking the 
Agency’s consultation through a WRO meeting should Mirum find it necessary prior 
to the NDA submission. No further discussion with the Agency on this topic is  
required during the meeting. This requested information will be provided in the NDA. 

 
7. Provide narratives and eCRFs for subjects who experienced serious 

adverse events, AESI, and hepatotoxicity. 
 

Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. This requested information will be 
provided in the NDA. 

 
8. CDER strongly encourages IND sponsors to identify the laboratory test 

units that will be reported in clinical trials that support applications for 
investigational new drugs and product registration. Although Systeme 
International (SI) units may be the standard reporting mechanism globally, 
dual reporting of a reasonable subset of laboratory tests in the U.S. 
conventional units, and SI units might be necessary to minimize 
conversion needs during review. Therefore, the Division requests 
laboratory test results be presented in both SI units and US conventional 
units. 

 
For more information, please see the FDA website entitled, Study Data 
Standards Resources and the CDER/CBER Position on Use of SI Units for 
Lab Tests website found at 
https://www.fda.gov/downloads/Forindustry/DataStandards/StudyDataStan
dards/UCM58 7505.pdf. 
 

Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and does not require further discussion 
with the Agency on this topic during the meeting. This requested information will be 
provided in the NDA. 
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9. Clarify the rationale for conducting the MRX-800 trial. The MRX-800 is an 
open-label trial in which you are enrolling both Allagille’s and PFIC patients 
and administering maralixibat 600µg/kg/day dose. However, for marketing 
approval you are seeking approval for maralixibat dose 400 µg/kg/day.  

 
Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comments and would like to further clarify the 
rationale for conducting the MRX-800 study.  Mirum does not require further 
discussion with the Agency on this topic during the meeting unless required by the 
Agency. 
 
The MRX-800 study is a roll-over study enrolling patients from several early 
development studies in ALGS and PFIC. The MRX-800 dose for patients entering 
from the Phase 2 program in ALGS and PFIC is the dose closest to that of their 
previous study. The 600μg/kg/day BID dose described in the MRX-
800 study protocol applies only for patients with PFIC, currently enrolled in MRX-
502, who subsequently complete the extension study MRX-503, at 
that specific dose. 

10. Clarify the rationale for different dosing regimens in different protocols. In 
the LUM001-303 long-term safety extension program, you are dosing 
children with 280 μg/kg twice a day (560 µg/kg/day), while in the LUM001-
304 long term safety extension trial, the dose is 400 μg/kg twice a day (800 
μg/kg/day).  
 

Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comment and would like to further clarify the 
different dosing regimens in the different ALGS studies, which will be provided in the 
NDA. Mirum does not require further discussion with the Agency on this topic during 
the meeting unless required by the Agency. 
 
The initial studies (LUM001-301 and LUM001-302) used doses up to 280ug/kg QD, 
as did their respective extension studies LUM001-305 and LUM001-303. The later 
study LUM001-304 showed that the higher dose of 400 ug/kg QD was an efficacious 
dose in patients with ALGS. Following the availability of the dose-finding study 
SHP625-101 (see answer to Additional Comment #11) the doses in 2 of the 3 
extension studies (LUM001-303 and LUM001-304) were doubled to a maximum of 
560 and 800 ug/kg/day, respectively, to explore the safety and efficacy of higher 
doses. Study LUM001-305 could not be amended for operational reasons and 
continued to dose subjects at 280 ug/kg QD.  

11. Please perform a dose-response relation for PD markers (e.g., serum bile 
acid) and safety parameters.  
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Mirum Pharmaceuticals, Inc. submitted responses on November 18, 2019 
(Additional Comments): 
Mirum thanks the Agency for their comment. Mirum concludes that no further PD 
study is required at this stage as we have established a dose-response relation for 
PD markers and safety parameters in Study SHP625-101. Mirum would like to seek 
Agency agreement during the meeting that no further study is required.  
 
Fecal bile acid excretion is the most direct measure of biological activity for ASBT 
inhibition.  Therefore, Study SHP625-101 was performed in which a 
pharmacodynamic dose-response exploration demonstrated a linear dose-response 
relationship between maralixibat doses up to 100 mg QD and fecal bile acid 
excretion, with no difference in adverse events by dose (CSR for Study SHP625-101 
and EOP2 Meeting Minutes Sponsor Response). 
 
In addition, Mirum performed an analysis of integrated safety (treatment-emergent 
adverse events) by administered dose across the five conducted ALGS studies 
which did not show a dose dependent increase in adverse events (EOP2 Briefing 
Package Table 22; SN0072). 
 
Meeting Discussion: 
Mirum requested clarification regarding PD markers.  FDA clarified that the 
dose- response relationship should be explored for serum bile acid PD marker 
in the target patient population to justify dosing rationale.   
 
Additional Post-Meeting Comments: 

     For all COA endpoints based on the ItchRO (Obs and Pt) Item 1, please submit  
     eCDF curves of within-patient changes in scores (e.g., from Week 18 to Week  
     22) with separate curves for each treatment arm. Please include the additional   
    analyses in the standalone COA dossier submitted as part of the NDA. 
 
     Provided for your reference only, the following figure is an example of an 
     eCDF curve by treatment arm. 
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3.0 DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION 
 

• The content of a complete application was discussed. Refer to the Meeting 
Discussions and Post-Meeting comments above. 

 
• All applications are expected to include a comprehensive and readily 

located list of all clinical sites and manufacturing facilities included or 
referenced in the application.  
 

• Major components of the application are expected to be submitted with the 
original application and are not subject to agreement for late submission. 
You stated you intend to submit a complete application via rolling review 
submission and therefore, there are no agreements for late submission of 
application components. 

 
In addition, we note that a chemistry pre-submission meeting was held on November 
19, 2019. We refer you to the minutes of that meeting for any additional agreements 
that may have been reached. 
 
4.0 PREA REQUIREMENTS 
 
Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for 
new active ingredients (which includes new salts and new fixed combinations), new 
indications, new dosage forms, new dosing regimens, or new routes of administration 
are required to contain an assessment of the safety and effectiveness of the product for 
the claimed indication(s) in pediatric patients unless this requirement is waived, 
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deferred, or inapplicable.  
 
Please be advised that under the Food and Drug Administration Safety and Innovation 
Act (FDASIA), you must submit an Initial Pediatric Study Plan (iPSP) within 60 days of 
an End-of-Phase-2 (EOP2) meeting. In the absence of an EOP2 meeting, refer to the 
draft guidance below. The iPSP must contain an outline of the pediatric study or studies 
that you plan to conduct (including, to the extent practicable study objectives and 
design, age groups, relevant endpoints, and statistical approach); any request for a 
deferral, partial waiver, or waiver, if applicable, along with any supporting 
documentation, and any previously negotiated pediatric plans with other regulatory 
authorities. The iPSP should be submitted in PDF and Word format. Failure to include 
an Agreed iPSP with a marketing application could result in a refuse to file action.  
 
For additional guidance on the timing, content, and submission of the iPSP, including an 
iPSP Template, please refer to the draft guidance for industry Pediatric Study Plans: 
Content of and Process for Submitting Initial Pediatric Study Plans and Amended 
Pediatric Study Plans.3 In addition, you may contact the Division of Pediatric and 
Maternal Health at 301-796-2200 or email Pedsdrugs@fda.hhs.gov. For further 
guidance on pediatric product development, please refer to FDA.gov.4 
 
5.0 PRESCRIBING INFORMATION 
 
In your application, you must submit proposed prescribing information (PI) that 
conforms to the content and format regulations found at 21 CFR 201.56(a) and (d) and 
201.57 including the Pregnancy and Lactation Labeling Rule (PLLR) (for applications 
submitted on or after June 30, 2015). As you develop your proposed PI, we encourage 
you to review the labeling review resources on the PLR Requirements for Prescribing 
Information5 and Pregnancy and Lactation Labeling Final Rule6 websites, which include: 
 

• The Final Rule (Physician Labeling Rule) on the content and format of the PI for 
human drug and biological products.  

• The Final Rule (Pregnancy and Lactation Labeling Rule) on the content and 
format of information related to pregnancy, lactation, and females and males of 
reproductive potential. 

                                                           
3 When final, this guidance will represent the FDA’s current thinking on this topic. For the most recent 
version of a guidance, check the FDA guidance web page at 
https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
4 https://www.fda.gov/drugs/development-resources/pediatric-and-maternal-health-
product-development 
5 https://www.fda.gov/drugs/laws-acts-and-rules/plr-requirements-prescribing-
information 
6 https://www.fda.gov/drugs/labeling/pregnancy-and-lactation-labeling-drugs-final-rule 
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• Regulations and related guidance documents.  

• A sample tool illustrating the format for Highlights and Contents, and  

• The Selected Requirements for Prescribing Information (SRPI) − a checklist of 
important format items from labeling regulations and guidances.  

• FDA’s established pharmacologic class (EPC) text phrases for inclusion in the 
Highlights Indications and Usage heading. 

Pursuant to the PLLR, you should include the following information with your application 
to support the changes in the Pregnancy, Lactation, and Females and Males of 
Reproductive Potential subsections of labeling. The application should include a review 
and summary of the available published literature regarding the drug’s use in pregnant 
and lactating women and the effects of the drug on male and female fertility (include 
search parameters and a copy of each reference publication), a cumulative review and 
summary of relevant cases reported in your pharmacovigilance database (from the time 
of product development to present), a summary of drug utilization rates amongst 
females of reproductive potential (e.g., aged 15 to 44 years) calculated cumulatively 
since initial approval, and an interim report of an ongoing pregnancy registry or a final 
report on a closed pregnancy registry. If you believe the information is not applicable, 
provide justification. Otherwise, this information should be located in Module 1. Refer to 
the draft guidance for industry Pregnancy, Lactation, and Reproductive Potential: 
Labeling for Human Prescription Drug and Biological Products – Content and Format.  
 
Prior to submission of your proposed PI, use the SRPI checklist to ensure conformance 
with the format items in regulations and guidances.  
 
6.0 DISCUSSION OF SAFETY ANALYSIS STRATEGY FOR THE ISS  
 
After initiation of all trials planned for the phase 3 program, you should consider 
requesting a Type C meeting to gain agreement on the safety analysis strategy for the 
Integrated Summary of Safety (ISS) and related data requirements. Topics of 
discussion at this meeting would include pooling strategy (i.e., specific studies to be 
pooled and analytic methodology intended to manage between-study design 
differences, if applicable), specific queries including use of specific standardized 
MedDRA queries (SMQs), and other important analyses intended to support safety. The 
meeting should be held after you have drafted an analytic plan for the ISS, and prior to 
programming work for pooled or other safety analyses planned for inclusion in the ISS. 
This meeting, if held, would precede the Pre-NDA meeting. Note that this meeting is 
optional; the issues can instead be addressed at the pre-NDA meeting. 
 
To optimize the output of this meeting, submit the following documents for review as 
part of the briefing package: 
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• Description of all trials to be included in the ISS. Please provide a tabular listing 
of clinical trials including appropriate details. 

• ISS statistical analysis plan, including proposed pooling strategy, rationale for 
inclusion or exclusion of trials from the pooled population(s), and planned 
analytic strategies to manage differences in trial designs (e.g., in length, 
randomization ratio imbalances, study populations, etc.).  

• For a phase 3 program that includes trial(s) with multiple periods (e.g., double-
blind randomized period, long-term extension period, etc.), submit planned 
criteria for analyses across the program for determination of start / end of trial 
period (i.e., method of assignment of study events to a specific study period).   

• Prioritized list of previously observed and anticipated safety issues to be 
evaluated, and planned analytic strategy including any SMQs, modifications to 
specific SMQs, or sponsor-created groupings of Preferred Terms. A rationale 
supporting any proposed modifications to an SMQ or sponsor-created groupings 
should be provided.  

When requesting this meeting, clearly mark your submission “DISCUSS SAFETY 
ANALYSIS STRATEGY FOR THE ISS” in large font, bolded type at the beginning of 
the cover letter for the Type C meeting request. 
 
7.0 MANUFACTURING FACILITIES 
 
To facilitate our inspectional process, we request that you clearly identify in a single 
location, either on the Form FDA 356h, or an attachment to the form, all manufacturing 
facilities associated with your application. Include the full corporate name of the facility 
and address where the manufacturing function is performed, with the FEI number, and 
specific manufacturing responsibilities for each facility. 
 
Also provide the name and title of an onsite contact person, including their phone 
number, fax number, and email address. Provide a brief description of the 
manufacturing operation conducted at each facility, including the type of testing and 
DMF number (if applicable). Each facility should be ready for GMP inspection at the 
time of submission. 
 
Consider using a table similar to the one below as an attachment to Form FDA 356h. 
Indicate under Establishment Information on page 1 of Form FDA 356h that the 
information is provided in the attachment titled, “Product name, NDA/BLA 012345, 
Establishment Information for Form 356h.” 
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Site Name Site 
Address 

Federal 
Establishment 

Indicator 
(FEI) or 

Registration 
Number 
(CFN) 

Drug 
Master 

File 
Number 

(if 
applicable

) 

Manufacturing 
Step(s) 

or Type of Testing 
[Establishment 

function] 

(1)     
(2)     

 
Corresponding names and titles of onsite contact: 
 

Site Name Site 
Address 

Onsite Contact 
(Person, Title) 

Phone 
and Fax 
number 

Email address 

(1)     
(2)     

 
8.0 OFFICE OF SCIENTIFIC INVESTIGATIONS (OSI) REQUESTS  
 
The Office of Scientific Investigations (OSI) requests that the items described in the 
draft guidance for industry Standardized Format for Electronic Submission of NDA and 
BLA Content for the Planning of Bioresearch Monitoring (BIMO) Inspections for CDER 
Submissions (February 2018) and the associated Bioresearch Monitoring Technical 
Conformance Guide Containing Technical Specifications be provided to facilitate 
development of clinical investigator and sponsor/monitor/CRO inspection assignments, 
and the background packages that are sent with those assignments to the FDA ORA 
investigators who conduct those inspections. This information is requested for all major 
trials used to support safety and efficacy in the application (i.e., phase 2/3 pivotal trials). 
Please note that if the requested items are provided elsewhere in submission in the 
format described, the Applicant can describe location or provide a link to the requested 
information.  
 
Please refer to the draft guidance for industry Standardized Format for Electronic 
Submission of NDA and BLA Content for the Planning of Bioresearch Monitoring 
(BIMO) Inspections for CDER Submissions (February 2018) and the associated 
Bioresearch Monitoring Technical Conformance Guide Containing Technical 
Specifications.7 
 
9.0 ISSUES REQUIRING FURTHER DISCUSSION 
 
None. 
 
                                                           
7 https://www.fda.gov/media/85061/download 
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10.0 ACTION ITEMS 
 
None. 
 
11.0 ATTACHMENTS AND HANDOUTS 
 
None. 
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IND 119917 
MEETING MINUTES 

 
Mirum Pharmaceuticals, Inc. 
Attention: Lara Longpre 
Chief Development Officer 
950 Tower Lane 
Suite 1050 
Foster City, CA 94404 
 
Dear Ms. Longpre:1 
 
Please refer to your Investigational New Drug Application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for maralixibat. 
 
We also refer to the meeting between representatives of your firm and the FDA on May 
21, 2019. The purpose of the meeting was to seek alignment with FDA on the adequacy 
of the current efficacy and safety data to support NDA filing of maralixibat for the 
treatment of pruritus associated with Alagille syndrome in pediatric patients. 
 
A copy of the official minutes of the meeting is enclosed for your information.  Please 
notify us of any significant differences in understanding regarding the meeting 
outcomes. 
 
If you have any questions, call me at 301-796-4075. 
 

Sincerely, 
 
{See appended electronic signature page} 

 
Evangela Covert, BS 
Senior Regulatory Health Project Manager 
Division of Gastroenterology and Inborn Errors 
Products 
Office of Drug Evaluation III 
Office of New Drugs 
Center for Drug Evaluation and Research 

 
 
Enclosure: 

• Meeting Minutes

                                                           
1 We update guidances periodically. For the most recent version of a guidance, check the FDA Guidance 
Documents Database https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
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MEMORANDUM OF MEETING MINUTES 
 

Meeting Type: B 
Meeting Category: End of Phase 2 
 
Meeting Date and Time: May 21, 2019; 3:00PM-4:00PM (Eastern StandardTime) 
Meeting Location: 10903 New Hampshire Avenue 
 White Oak Building 22, Conference Room: 1315 
 Silver Spring, Maryland 20903 
 
Application Number: 119917 
Product Name: Maralixibat 
 
Indication: Treatment of Alagille Syndrome (ALGS) 
Sponsor Name:  Mirum Pharmaceuticals, Inc. 
 
Meeting Chair: Dr. Stephanie Omokaro 
Meeting Recorder: Evangela Covert 
 
FDA ATTENDEES 
Bindi Nikhar, M.D., Acting Deputy Director, Division of Gastroenterology and Inborn 
Errors Products (DGIEP) 
Lisa Soule, M.D., Associate Director, DGIEP 
Stephanie O. Omokaro, M.D., Clinical Team Leader, DGIEP 
Ruby Mehta, M.D., Medical Officer, DGIEP 
Sushanta Chakder, Ph.D., Supervisory Pharmacologist, DGIEP 
Jackye Peretz, Ph.D., Pharmacology Reviewer, DGIEP 
Insook Kim, Ph.D., Team Leader, Division of Clinical Pharmacology III (DCPIII) 
Dilara Jappar, Ph.D., Clinical Pharmacology Reviewer, DCPIII 
Gregory Levin, Ph.D., Supervisory Mathematical Statistician, Division of Biometrics III 
(DBIII) 
Rebecca Hager, Ph.D., Statistical Reviewer, DBIII 
Lili Garrard, Ph.D., Statistical Reviewer, DBIII 
Ebony Dashiell-Aje, Ph.D., Reviewer, Clinical Outcome Assessments (COA) Staff 
Hari Cheryl Sachs, M.D., Pediatric Team lead, Division of Pediatric and Maternal Health 
(DPMH) 
Gettie Audain, DHSc, MPH, RN, Senior Regulatory Project Manager, DPMH 
Melanie Blank, MD, Rare Diseases Program, Immediate Office, OND  
 
SPONSOR ATTENDEES 
Mike Grey, B.S., Executive Chairman, Mirum 
Chris Peetz, M.B.A., Chief Executive Officer, Mirum 
Pam Vig, Ph.D., Chief Scientific Officer, Mirum 
Lara Longpre, M.S., M.B.A., Chief Development Officer, Mirum 
Thomas Jaecklin, M.D., Clinical Lead, Mirum 
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Stephanie Lee, Regulatory Manager, Mirum (via telephone) 

 
1.0 BACKGROUND 
 
The purpose of this meeting was to seek alignment with FDA on the adequacy of the 
current efficacy and safety data to support NDA filing of maralixibat for the treatment of 
pruritus associated with Alagille syndrome in pediatric patients.  
 
FDA sent Preliminary Comments to Mirum Pharmaceuticals, Inc. on May 16, 2019.  
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019. 
 
2. DISCUSSION 
 
Questions from Mirum Pharmaceuticals, Inc. are in plain text. Responses from the FDA 
are in bold text. Comments from Mirum Pharmaceuticals, Inc. are in italics. Meeting 
Discussion is in bold italics. 
 
2.1. Clinical 
 

Question 1: The proposed pivotal Study LUM001-304 demonstrated statistically 
significant and clinically meaningful differences in pruritus reduction, as measured by 
ItchRO(Obs), in pediatric patients with ALGS who received 400 μg/kg/day of 
maralixibat compared with placebo. The totality of data from other ALGS studies 
301, 302, and 303 demonstrated consistent trends. Does the Agency agree that the 
available clinical efficacy data are adequate to support the filing of an NDA for the 
treatment of pruritus associated with ALGS in patients 1 year of age and older? 
 
FDA Response to Question 1: 
We acknowledge your effort for developing maralixibat for this rare disease 
and find the positive trends observed in your preliminary studies very 
encouraging. However, we have concerns about various aspects of the data 
submitted to date, including: the relatively short duration of the efficacy and 
safety data given that the treatment is likely to be indicated long-term, and the 
use of earlier versions of ItchRO in Study LUM001-304. Given these 
limitations, we cannot agree at this time that you have sufficient data to 
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support an NDA submission but are open to further discussion. After review of 
your Briefing Package, we have the following comments and requests: 
 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
We acknowledge FDA comments and willingness to engage in further discussion 
about maralixibat as a treatment for this devastating rare pediatric disease for which 
there is no approved therapy, and where biliary diversion surgery or liver transplant 
are used to treat the intractable pruritus. 
 
1. The supporting phase 2 studies LUM001-301 and 302, which explored 

doses of 70, 140, and 280 μg/kg/day did not show a dose-dependent 
improvement in the response for sBA or for ItchRO(Obs) score. In addition, 
in Study LUM001-302, the mean decreases in ItchRO(Obs) score from 
baseline to Week 13 was greater for the placebo group compared to the 
combined treatment groups (140 and 280 μg/kg/day) suggesting a lack of 
treatment effect on sBA and ItchOR(Obs). In the meeting package, you 
indicate that in Study LUM001-302 the imbalance in baseline ItchRO(Obs) 
scores across these groups make it difficult to interpret these results. In 
anticipation of the meeting, please provide individual patient graphs by 
dose for sBA and ItchRO(Obs) score for both supporting phase 2 studies, 
i.e., LUM001-301 and 302 to assess the variability of response for each 
dose relative to the mean response already presented. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Study LUM001-301 and -302 used lower doses (up to 280 µg/kg/day) than the 
proposed pivotal study LUM001-304 (400 µg/kg/day) and, as noted by the Agency, 
did not demonstrate a clear dose response but also do not demonstrate an inverse 
dose effect. There is however a pattern of treatment effect despite factors such as 
study size, subject variability, study design and suboptimal dosing. The 400 µg/kg 
QD dose in Study LUM001-304 is an effective clinical dose with a nominally 
statistically significant difference in ItchRO(Obs) between maralixibat and placebo 
during the randomized drug withdrawal period including in sensitivity analyses 
(please refer to Question 1, Number 4, Mirum response below). In addition, a 
nominally statistically significant reduction from baseline in pruritus severity was 
observed from Baseline to Week 18 and Baseline to Week 48 for all patients on 
maralixibat, regardless of treatment assignment during the randomized withdrawal 
period. 
 
Median and mean change from baseline in sBA and ItchRO(Obs), normalized to 
baseline, are provided in the graphs in Appendix I. These plots show a pattern of 
treatment response in both Studies LUM001-301 and -302 by treatment cohort. The 
requested individual subject plots for Studies LUM001-301 and -302 are also 
provided in Appendix I.  
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It should be noted that in study 301, the 280 µg/kg/day group was added to the study 
during a protocol amendment and was therefore not enrolled in parallel to the other 
groups; this is reflected in different baseline characteristics.  
 
The LUM001-304 study using 400 μg/kg/day demonstrates that there is a consistent 
and clearly distinct behavior between the maralixibat and placebo groups with an 
increase to near baseline levels in the placebo group when maralixibat is removed, 
and no material change in ItchRO(Obs) in subjects who continue on maralixibat 
during the randomized drug withdrawal period (see Figure below).  
 
Further support is provided by the patient level plots below in which subjects who 
responded to maralixibat treatment during the first 18 weeks did so again after the 
placebo withdrawal. On the other hand, those who did not consistently respond 
remained non-responders, irrespective of whether they were treated with placebo or 
maralixibat, suggesting there was no expectation bias for the outcome measure. 
 
Patient level plots of ItchRO(Obs) values from Baseline to Week 48 in study 
LUM001-304 

 
 
A fecal bile acid study conducted in healthy overweight/obese volunteers support a 
dose-response relationship, which is directly in line with the mechanistic activity of 
maralixibat. Fecal bile acid excretion over a broad range of doses (10-100 mg/day, 
i.e., 140 to 1400 µg/kg/day pediatric equivalent) was shown to be dose dependent 
(Figure below). The proposed target dose of 400 µg/kg QD is equivalent to a 30 mg 
adult dose. 
 
Fecal bile acid excretion on increasing doses of maralixibat (SHP625-101)  
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In summary, studies LUM001-301 and -302, which were the first studies of this 
treatment modality in Alagille syndrome patients, provide insights of value in the 
design and conduct of further studies. Based on the information summarized above 
and in Appendix I, Mirum concludes that the results of studies LUM001-301 and -
302 do not demonstrate an inverse dose-effect of maralixibat but do provide 
supportive information. The totality of the clinical data set suggests that 70 to 280 
µg/kg/day are minimally active doses and 400 µg/kg/day is an effective dose on 
pruritus in ALGS, as demonstrated in Study LUM001-304, the largest pharmacologic 
interventional study performed to date. 

 
2. Regarding Study LUM001-304, please explain how the blind was maintained 

for the placebo group since patients changed at the end of the treatment-
only phase following randomization from a drug containing product to a 
placebo containing formulation. Under such a scenario, subtle changes in 
taste, appearance (e.g., color, volume) could point out to patients (or 
caretakers) that they were switched to placebo. Please explain how 
blinding was maintained under these conditions. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Study LUM001-304 is a controlled, blinded, randomized drug withdrawal study. 
Patients, investigators, site staff, study monitors and CRO/Sponsor were blinded to 
treatment assignment. Assignment was conducted through the CRO’s randomization 
system. The formulation used was the same for both maralixibat and placebo. Taste 
was masked with grape flavor and sucralose. The solution was clear and colorless 
for both maralixibat and placebo. The volume of study medication was consistent 
and based on weight for each patient, regardless of treatment assignment. In 
addition, bottles for maralixibat and placebo were identical. Palatability has only 

Reference ID: 4450513



IND 119917 
Page 6 
 
 

U.S. Food and Drug Administration 
Silver Spring, MD 20993 
www.fda.gov 

been assessed in the open-label extensions with no comparison to placebo. Usage 
of study medication has not been limited by palatability. 
 
Pharmacodynamic measures such as sBA were performed by a central laboratory 
and results were not provided to any study team personnel (study site, sponsor or 
CRO) until after the Week 48 analysis was completed. Unblinded study personnel 
who assessed sBA reduction for purpose of randomization were segregated and the 
processes was documented in the Interactive Web Response System Business 
Requirements Document. During the randomized withdrawal period, there were no 
differences in the incidence or patterns of adverse events than those treated with 
placebo; therefore, adverse events would not have been unblinding. 

 
3. We are concerned that the versions of the ItchRO(Obs) and ItchRO(Pt) that 

were administered in Study LUM001-304 were not optimized.  

 
 

 
 

 
 

Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
We thank you for pointing out the error between the ItchRO(Obs) and ItchRO(Pt) 
screenshots in the End of Phase 2 meeting background materials (pages 576-578) 
and the LUM001-304 protocol appendix.  
 
The modification of the ItchRO occurred in March 2017 after enrollment was 
completed in all ALGS studies including LUM001-304, which began in November 
2014. 

 
  

 
The correct ItchRO(Obs) e-Diary Item 1 and ItchRO(Pt) e-Diary Item 1 versions 
administered to caregivers and patients in LUM001-304 are presented in the Figures 
below. These are the versions which were available in November 2014 at the start of 
Study LUM001-304, and were also used in Studies LUM001-301, -302, -303, -305 
and -501 after extensive discussion with the FDA.  
 
Considering the content validity and psychometric evidence to date (and 
summarized in the End of Phase 2 meeting background materials), the ItchRO(Obs) 
e-Diary Item 1 and ItchRO(Pt) e-Diary Item 1 are well-defined, reliable, sensitive, 
and valid scales for measuring ALGS-associated pruritus. These tools provide a 
robust measurement of the effects of maralixibat on caregiver-reported and patient-
reported pruritus (the concept of interest) for inclusion in the list of key secondary 
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endpoints in LUM001-304 among pediatric patients with ALGS (context of use) in 
support of labeling for pruritus. 

 
Fig 1. Morning ItchRO(Obs) e-Diary Item 1    Fig 2. Evening ItchRO(Obs) e-Diary Item 1 

  
 
Fig 3. Morning ItchRO(Pt) e-Diary Item 1 Fig 4. Evening ItchRO(Pt) e-Diary Item 1 

  
 

a. We have serious concerns that there is a discrepancy between the 
versions that are displayed in Figure 1 and 2 on pages 576-578 of 
your End of Phase 2 meeting background materials and what 
appears in the Study LUM001-304 protocol: 
o With regard to Figure 1,  
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Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Thank you for pointing out this error. The correct LUM001-304 screenshots for 
morning and evening ItchRO(Obs) e-diary Item 1 are pictured in Figures 1 and 2 
above, and are the same as the versions in the Study LUM001-304 protocol. The 
ItchRO(Obs) e-diary Item 1 response items are, in fact, different from the 
ItchRO(Pt) response options. 

 
o With regard to Figure 2, 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Thank you for pointing out this error. The correct LUM001-304 screenshots for 
morning and evening ItchRO(Pt) e-diary Item 1 are pictured in Figures 3 and 4 
above. 

 
Please confirm and provide the actual screenshots of the 
instruments that were administered to caregivers and patients during 
Study LUM001-304. 
 

Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
The LUM001-304 screenshots are pictured in Figures 1 through 4 above. 

 
4. The definition of the pruritus endpoint used to assess efficacy in Study 

LUM001-304 was not prespecified in your protocol or Week 48 SAP, and 
there was no adjustment for multiple comparisons. For phase 2 trials, it is 
reasonable to assess various endpoints to select the appropriate dosing 
regimen and explore the efficacy of your product. However, for a trial 
intended to support a marketing application, the primary endpoint and 
statistical methodology for analysis including plans for handling missing 
data and controlling the Type I error rate when there are multiple time 
points/endpoints should be pre-specified before the data are locked. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Understanding that pruritus is the most devastating symptom of Alagille syndrome, 
and is a leading cause of surgery and/or transplantation, and based on feedback 
from FDA and other sources, the sponsor focused the program on pruritus. 
Therefore, a week 48 a priori statistical plan was submitted to file before any 
unblinded inferential or descriptive analysis of data pertaining the LUM001-304 
study were conducted. In this Week 48 SAP, itch was to be examined for each of 
the 3 treatment phases (up to Week 48): Open-label (OL) Phase (Day 1 – Week 
18); Randomized Withdrawal (RW) Phase (Weeks 19-22); and After Randomized 
Withdrawal (ARW) Phase up to Week 48 (Weeks 23-48).  
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While considering the totality of data, including supporting evidence from Studies 
LUM001-301 and -302 as well as from the pharmacodynamic fecal bile acid Study 
SHP625-101, the LUM001-304 48-week analysis shows a well-controlled, clinically 
meaningful reduction in pruritus in patients with ALGS and is therefore proposing 
LUM001-304 as the pivotal study, despite its reliance on nominal p-values to 
establish statistical significance. 
 
The 48-week analyses of study LUM001-304 were performed with statistical 
methodologies consistent with a pivotal study. The Week 48 SAP was designed 
with sufficient detail to meet the requirements identified by the FDA, EMA, and ICH 
for registration trials. It includes a clear outline of the plans for handling missing 
data, scoring of outcome measures, and definitions of variables, visit windows and 
analysis populations. It was developed, approved and finalized prior to the 
unblinding of the treatment groups and prior to any analyses. Because the Type I 
error was not specifically controlled for, the p-values from the analysis were treated 
as nominal and the focus is on consistency and robustness of effect across the 
methods of measuring and analyzing pruritus as well as the factors that influence 
the analysis. 
 
These efficacy results of primary interest on ItchRO(Obs) were internally consistent 
with results from a variety of other pruritus assessments, such as ItchRO(Pt) and 
Clinician Scratch Scale, and the pruritus results correspond with changes in 
pharmacodynamic markers sBA, C4 and cholesterol. In addition, Xanthoma scores 
were significantly reduced in line with a reduction of cholesterol. 
 
The tables below provide the results of the analyses of ItchRO(Obs) for Study 
LUM001-304 using multiple strategies for examining the treatment impact during 
the randomized withdrawal period, the period from Baseline to Week 18 and the 
period from Baseline to Week 48. These results demonstrate strong internal 
consistency and robustness of effect across different ItchRO(Obs) variables 
(morning, evening, weekly average, 4-weekly average) and with a sensitivity 
analysis removing an extreme outlier (subject , per footnote). 
 
The Week 48 analysis was handled with rigor, and the results demonstrate internal 
consistency and are compelling in this rare population. 
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304 Study 

ANCOVA = analysis of covariance using a mixed model with treatment group as a fixed 
effect and baseline value as a covariate t-test = 2-sample t-test assuming equal 
variance 

 
* A sensitivity analysis was performed to account for a subject  that was 
hospitalized during the randomized withdrawal period for a SAE of 
polytraumatism/splenic rupture which made it impossible for the subject to comply 
with in-clinic visits. It was decided by the Medical Monitors that this subject should 
discontinue study medication until the SAE resolved and the subject was able to 
comply with study requirements. This subject was on placebo for the first 5 weeks 
of the randomized withdrawal period and then came off study drug for 13 weeks 
before their “Week 22” clinic visit.  The original analysis used the "Week 22" clinic 
visit date in deriving Week 22 ItchRO weekly average scores, rather than using 
ItchRO data from the 4 weeks immediately following this subject's Week 18 clinic 
visit. For the sensitivity analysis, the 4-week time period immediately after the Week 
18 visit date was used to derive ItchRO weekly scores (for Weeks 19-22). 
 
 

 
 

 
ItchRO(Obs)  Variable 

 
 

Analysis 
Set 

 
 

Analysis 
Method 

 
 
Change from 
Week 18 to: 

 
 

Sample 
Size 

LS Mean 
Difference 

(MRX - 
Placebo) 

 
(95% CI for 

LS Mean 
Difference) 

 
Treatment 
Difference 
p-value 

Weekly Morning Avg ITT ANCOVA Week 19 11 vs 15 -0.358 (-0.777, 0.060) 0.0899 
   Week 20 13 vs 16 -0.763 (-1.251, -0.275) 0.0035 
   Week 21 13 vs 16 -1.377 (-1.975, -0.778) <0.0001 
   Week 22 12 vs 16 -1.483 (-2.122, -0.844) <0.0001 
   Week 22 LOCF 13 vs 16 -1.370 (-2.030, -0.710) <0.0001 

Weekly Morning Avg ITT Responders ANCOVA Week 19 6 vs 13 -0.497 (-0.990, -0.004) 0.0484 

 (ItchRO Reduction  Week 20 8 vs 13 -0.998 (-1.580, -0.417) 0.0020 

 >1 Pt from Baseline  Week 21 8 vs 13 -1.707 (-2.445, -0.969) 0.0001 
   Week 22 8 vs 13 -1.769 (-2.616, -0.922) 0.0004 

 

4-Week Morning Avg 
 

ITT 
 

t-test 
 

Week 22 
 

13 vs 16 
 

-0.802 
 

(-1.245, -0.359) 
 

<0.0001 

 
Weekly Evening Avg 

 
ITT 

 
t-test 

 
Week 22 

 
13 vs 16 

 
-1.564 

 
(-2.178, -0.950) 

 
<0.0001 

 
4-Week Evening Avg 

 
ITT 

 
t-test 

 
Week 22 

 
13 vs 16 

 
-0.973 

 
(-1.376, -0.570) 

 
<0.0001 

 
Weekly Morning Avg 

 
ITT - Sensitivity * 

 
ANCOVA 

 
Week 19 

 
11 vs 15 

 
-0.230 

 
(-0.585, 0.124) 

 
0.1915 

 (Subject  Week 20 13 vs 16 -0.665 (-1.130, -0.200) 0.0068 
 Week 22 Date  Week 21 13 vs 16 -1.278 (-1.897, -0.660) 0.0002 
 Adjustment)  Week 22 12 vs 16 -1.382 (-2.032, -0.732) 0.0002 
   Week 22 LOCF 13 vs 16 -1.262 (-1.936, -0.587) 0.0007 
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ItchRO(Obs) Endpoint Analysis 
(Change from Baseline to Week 18 and Week 48) 

 
 
 
 
ItchRO(Obs)  Variable 

 
 
 

Analysis 
Set 

 
 
 

Analysis 
Method 

 
 
 

Change from 
Baseline to: 

Treatment 
Group During 
Randomized 
Withdrawal 
Period 

 
 
 
Sample 

Size 

 
 
 
 
LS Mean 

 
 
 

(95% CI for 
LS Mean) 

 
 
 

p-value 
(LS Mean = 0) 

Weekly Morning Avg ITT ANCOVA Week 18 MRX 13 -1.602 (-1.602, -1.114) <0.0001 

    Placebo 16 -1.787 (-2.226, -1.347) <0.0001 

   Week 48 MRX 12 -1.427 (-2.117, -0.736) 0.0003 

    Placebo 16 -1.782 (-2.381, -1.184) <0.0001 

   Week 48 LOCF MRX 13 -1.315 (-1.985, -0.644) 0.0004 

    Placebo 16 -1.793 (-2.397, -1.189) <0.0001 

Weekly Morning Avg ITT Responders ANCOVA Week 18 MRX 8 -2.127 (-2.637, -1.617) <0.0001 

 (ItchRO Reduction 
>1 Pt from Baseline 

  Placebo 13 -2.113 (-2.513, -1.713) <0.0001 

 to Wk 12 or Wk 18)  Week 48 MRX 7 -2.401 (-3.048, -1.754) <0.0001 

    Placebo 13 -2.105 (-2.579, -1.630) <0.0001 

   Week 48 LOCF MRX 8 -2.110 (-2.816, -1.403) <0.0001 

    Placebo 13 -2.111 (-2.664, -1.557) <0.0001 

4-Week Morning Avg ITT t-test Week 18 Overall 25 -1.591 (-1.983, -1.199) <0.0001 

   Week 18 LOCF Overall 27 -1.492 (-1.883, -1.101) <0.0001 

   Week 48 Overall 24 -1.755 (-2.283, -1.227) <0.0001 

   Week 48 LOCF Overall 25 -1.688 (-2.212, -1.164) <0.0001 

Weekly Evening Avg ITT t-test Week 18 Overall 29 -1.630 (-2.010, -1.250) <0.0001 

   Week 18 LOCF Overall 31 -1.594 (-1.954, -1.234) <0.0001 

   Week 48 Overall 28 -1.611 (-2.073, -1.149) <0.0001 

   Week 48 LOCF Overall 29 -1.570 (-2.023, -1.117) <0.0001 

4-Week Evening Avg ITT t-test Week 18 Overall 27 -1.517 (-1.894, -1.140) <0.0001 

   Week 18 LOCF Overall 29 -1.427 (-1.799, -1.055) <0.0001 

   Week 48 Overall 26 -1.581 (-2.019, -1.143) <0.0001 

   Week 48 LOCF Overall 27 -1.529 (-1.963, -1.095) <0.0001 

 
ANCOVA = analysis of covariance using a mixed model with treatment group as a fixed 
effect and baseline value as a covariate 
 
Overall Meeting Discussion: 
FDA requested additional information including baseline characteristics for the 
various analyses, information on the natural variability of pruritus, individual 
patient profile data including individual response information and descriptions of 
mutilation/healing during treatment period, protocol deviations, concomitant 
medications, treatment interruptions, as well as controlled safety analyses, 
particularly data on liver safety and fat soluble vitamin deficiency. Additional 
context on the variability in pruritus observed across subjects during the 
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randomized withdrawal period, would be useful. Justification for the clinical 
meaningfulness of the ItchRO score change should be provided for each age 
group. A description of the formulations used, and whether bridging is needed 
between the studies should also be provided. Mirum Pharmaceuticals stated they 
will perform the analyses requested and will also provide retrospective 
information and longitudinal data on 60+ untreated Alagille syndrome patients. 
FDA suggested that the path forward would be a follow-up meeting to discuss the 
information requested.   
 
FDA pointed out that because there was no single primary pruritus endpoint or 
statistical analysis approach pre-specified in Study LUM001-304, the pruritus data 
should be robust to various analysis methods that would have been considered 
reasonable a priori. Additional analyses to further assess the treatment effect 
may also be considered during FDA’s review of an NDA. 
In addition, FDA stated that without the knowledge of the natural history of 
pruritus and its variability (i.e., waxing and waning over time), interpreting the 
efficacy results may prove challenging. FDA expressed concerns about the 
observed hepatotoxicity with maralixibat in cholestatic patients. Since the natural 
variability of liver enzymes in Alagille’s syndrome patients is not well 
characterized, it will also be difficult to interpret potential hepatotoxicity signals 
observed during the trial.  Mirum Pharmaceuticals stated that they will submit the 
natural variability data for liver enzymes over time in the intended population.  
 
Post Meeting Comments: 
Please provide a summary of clinical and demographic characteristics for each of 
the patients enrolled in the LUM001-304 Study.  

 
 
 Patient 001 Patient 002 … Patient XXX 

Age [years] -- --  -- 
Gender (Male, Female)  -- --  -- 

Race/Ethnicity -- --  -- 
Treatment  Regimen -- --  -- 
Baseline Symptom 

Severity 
-- --  -- 

   
Please also submit individual patient profile data in the following format: 
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Example: Patient 001 (only fill in cells with dash lines) 
 

 

ItchRO(Obs) Morning 
Diary 

ItchRO(Obs) 
Evening Diary 

ItchRO(Pt) Morning 
Diary  

(Where Applicable) 

ItchRO(Pt) Evening Diary  
(Where Applicable)  

 

Item 1 
Score 

Item 1  
Score 

Change 
from 
Week 
18-22 

Item 
1 

Score 

Item 1 
Score 

Change 
from 
Week 
18-22 

Item 1 
Score  

Item 1 
Score 

Change 
from Week 

18-22  

Item 1 Score  
Item 1 Score 
Change from 
Week 18-22  

Clinician 
Scratch Scale  

Score 

Clinician 
Scratch Score  
Change from 
Week 18-22 

 
 
 

Clinician 
Xanthoma 
Scale Score 

 

 
 

Caregiver 
Global 

Therapeutic 
Benefit (CGTB) 

Assessment 
Score  

 

 
 

Caregiver 
Impression 
of Change 

(CIC) 
Score  

 

Patient 
Impressio  
of Change 

(PIC) 
Score 

 

 
 

  
  

 
 

 
 

 
 

 

 
 

 

Baseline --  --  --  --  --  --         
Week 9 --  --  --  --             
Week 12 --  --  --  --  --           
Week 18 --  --  --  --  --  -- -- -- --      
Week 20 --  --  --  --             
Week 22 -- -- -- -- -- -- -- -- -- --  -- -- --      

 
 
We also note that the version of the ItchRO(Obs) included in study LUM001-304 
combines the “none observed” and “not reported” response options into a single 
response option for Item 1. Since we are unable to distinguish between these two 
scenarios, the data collected from Item 1 may be uninterpretable for this 
response option. Please submit the following analyses to help us assess the 
extent to which this will impact your study results.    
 

1) ItchRO(Obs) Item descriptive statistics (for Items 1 and 3) including 
frequency distribution of both item level response and summary scores 
(weekly morning average, 4-week morning average; weekly evening 
average, 4-week evening average), floor and ceiling effects, and percentage 
of missing responses for each patient. 

2) Where applicable, ItchRO(Pt) Item descriptive statistics (for Items 1 and 3) 
including frequency distribution of both item level response and summary 
scores (weekly morning average, 4-week morning average; weekly evening 
average, 4-week evening average), floor and ceiling effects, and percentage 
of missing responses for each patient. 

3) For patients who were able to self-report and responded to the ItchRO(Pt), 
please provide a contingency cross-classification table for each item (i.e., 
items 1 and 3) at week 18 and at week 22 (i.e., for all 7 days in the week). 
Below is an example table: 
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ItchRO(Obs) 
 ItchRO(Pt) 

Total 
0 1 2 3 4 

0       

1       

2       

3       

4       

Total       

 
5. Please see previously communicated Meeting Minutes dated 10-11-2012, 

11-14-2016, and 2-7-2017 under IND  where FDA did not agree with 
use of serum BA as a surrogate endpoint. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
We acknowledge previous communications from FDA where the Agency did not agree 
with sBA as a surrogate endpoint. A Week 48 SAP was developed where a pre-
specified unblinded analysis including ItchRO(Obs) was to be conducted after all 
subjects had reached Week 48. Mirum recognizes that that while changes in sBA are 
not an approvable surrogate endpoint, it is useful as supportive information as a marker 
of mechanistic rationale for maralixibat. 
 

6. Regarding  

 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
Mirum agrees. 
 

7. We have the following requests for additional clarification regarding Study 
304: 

a. Clarify whether siblings were enrolled in Study 304 and, if so, how 
they were handled in the efficacy analysis. 
 

Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
There were no siblings enrolled in Study LUM001-304. 
 

b. The protocol and SAP for Study 304 state that randomization was 
conducted using a permuted block algorithm that was “stratified 
by response criteria where response is defined as a ≥50% 
reduction in serum bile acids between Baseline and Week 12 or 
Week 18”. Clarify why 5 subjects received maralixibat and 10 
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subjects received placebo in the subset of subjects who achieved 
the sBA response. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
The imbalance of 5 vs. 10 subjects was a result of the randomization schedule.  
 
The active protocol during randomization was Protocol Amendment 3 (dated 15 Nov 
2015) which specified randomization based on sBA response at Week 12. Protocol 
Amendment 4 (dated 28 Mar 2017) was implemented after all patients were 
randomized. The description of the randomization criteria was changed in Protocol 
Amendment 4, despite randomization already being complete. Subjects were, in fact, 
randomized based on their sBA response at Week 12.  
 
The method by which the randomization schedule was administered used a central by 
block randomization process (within IRT), with entire blocks assigned by study site. This 
randomization allocation method resulted in more subjects in the placebo group from 
those subjects with a ≥50% reduction in sBA at Week 12.  
 
At the Week 12 timepoint, there were 12 subjects with a ≥50% reduction in sBA from 
baseline with 4 randomized to maralixibat and 8 to placebo within the stratum. 
 
In contrast, the primary endpoint calculation included subjects who had a ≥50% 
reduction in sBA at Week 12 or 18, as specified in the protocol. Therefore, in addition to 
the 12 patients who had a ≥50% reduction in sBA from Baseline at Week 12, an 
additional 3 patients had a ≥50% reduction of sBA from baseline at Week 18, resulting 
in the primary endpoint calculation including 5 subjects on maralixibat and 10 subjects 
on placebo. 
 

8. Study LUM001-304 was relatively short (4 weeks of the placebo-controlled 
phase). Demonstration of durability of effect is important for a treatment 
intended to be used long-term. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
The 4-week withdrawal phase of the 48-week study was intentionally short to limit the 
hardship for study participants and their families from possible recurrence of debilitating 
pruritus. The 4-week placebo-controlled phase showed a nominally statistically 
significant difference in pruritis over the randomized period. The durability of effect has 
been demonstrated in the long-term extension trials.  
 
Study LUM001-304 has demonstrated a reduction in pruritus with maralixibat from 
Week 0 - 18 compared to baseline, Week 18 - 22 compared to placebo, through Week 
48 compared to baseline, and has been durable in the open label extension. The 
randomized withdrawal period indicates that this treatment effect was driven by 
maralixibat and not a placebo effect. This is in line with preliminary data from the long-
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term extension studies LUM001-303 and -305, which show persistent treatment 
response over >3 years of treatment.  
 
The chart below shows durable effects on weekly morning ItchRO(Obs) scores into the 
long-term extension of Study LUM001-304 for over 3 years. 
 

 
 
Note: RPx refers to the xth repeating period of 12 weeks for ItchRO at week 14 after 
dose escalation. The dashed reference lines denote the beginning and end of the 
randomized withdrawal phase. The green filled circle and text refer to early termination 
and reason, mapped to the closest ItchRO visit available. The blue filled circle refers to 
the start of BID dosing, mapped to the closest ItchRO visit available. 
 
The sustained reduction seen in all 3 long-term studies (LUM001-304, -301 and its 
extension -305 as well as -302 and its extension -303), combined with reports from 
investigators regarding the patients improved skin quality, sleep, academic performance 
and ability to concentrate and socialize, contrasts with the natural course of the disease. 
Mirum plans

 

 
9. We have concerns regarding the short duration of safety data in your 

clinical program. For instance, Study LUM001-304 was too short to assess 
any potential impact of treatment on fat soluble vitamin (FSV) absorption 
and possible maralixibat-induced deficiency. FSV assessments were not 
performed routinely to assess whether subjects were experiencing new 
onset or worsening of existing FSV deficiency. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 1): 
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The current duration of treatment exposure with maralixibat in ALGS subjects is large 
for a rare pediatric disease, with 86 ALGS subjects with treatment exposure; including 
67 subjects with at least 1 year of exposure, 48 subjects with at least 2 years of 
exposure and 21 subjects with at least 3 years of exposure, and continuing, 
representing 186 patient years on all doses of maralixibat.  
 
At the to-be-marketed dose or above, 37 ALGS subjects have received maralixibat with 
a mean (SD) duration of exposure of 22 (14) months. During Study LUM001-304, 28 
patients completed treatment through Week 48, and 15 patients are currently on study 
at the to-be-marketed dose or above.  
 
Across both pediatric programs (ALGS and PFIC), a total of 50 subjects continue in 
long-term extension studies (38 ALGS and 12 PFIC). 
 
While we acknowledge that the duration of placebo-controlled safety comparison is 
short in Study LUM001-304, the long-term safety of maralixibat in the ALGS population 
has been well established in this rare pediatric setting. Monitoring of safety and efficacy 
in these subjects is currently ongoing and planned to continue.  
 
Study LUM001-301 and -302 provide 13-week placebo-controlled safety data which 
showed that the incidence of treatment emergent adverse events were similar across 
active dose groups and placebo (Study LUM001-301 – submitted on 11Apr 2019, 
SN0073 and -302 – submitted on 10 Sep 2015, SN0018). As described in the briefing 
package, the AE profile was consistent between the 3 studies (LUM001-301, -302 and -
304). 
 
In Study LUM001-301, fewer subjects in the maralixibat groups experienced FSV 
deficiency events compared with subjects in the placebo group (4 subjects [16%] vs. 6 
subjects [50%]). Levels of FSV were similar in the maralixibat and placebo groups after 
13 weeks of treatment. In Study LUM001-302, 17/20 subjects enrolled in the study were 
reported to have had a significant shift from baseline in FSV levels, and these events 
were matched between the maralixibat groups and placebo group (12/14 [85%] vs. 5/6 
[83%]). In Study LUM001-304, FSV were assessed at Baseline and Weeks 12, 18, 22, 
28, 38, and 48 in the core study and at Week 60 and then every 12 weeks afterwards in 
the long-term extension. Long-term maralixibat treatment was not associated with 
increased reports of AEs related to FSV deficiencies. All AEs were manageable with 
appropriate FSV supplementation. The frequency and severity of reported AEs is in line 
with the natural history of pediatric cholestatic liver disease like ALGS. There was one 
subject with PFIC who discontinued from Study LUM001-501 due to persistently low 
vitamin E levels despite high levels of supplementation; this subject continues to 
demonstrate the same difficulties in achieving adequate vitamin E levels >1 year after 
discontinuation, which makes a causal relationship to maralixibat unlikely. In summary, 
the observed pattern of FSV is in line with the natural history of ALGS and other 
pediatric cholestatic liver diseases. 
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Question 2:  Does the Agency agree that a safety data package of maralixibat from 
86 pediatric patients with ALGS plus > 1400 other subjects (PFIC, PBC, PSC, and 
hypercholesterolemia), including > 100 subjects exposed to multiple doses of 
maralixibat at or above the proposed commercial dose of 400 μg/kg/day, would be 
adequate to support the filing of an NDA for maralixibat for the treatment of pruritus 
associated with ALGS in patients 1 year of age and older? 
 
FDA Response to Question 2: 
See also FDA Response to Question 1.  
 
The limited duration of treatment will make it challenging to assess the safety 
of maralixibat at the intended dose(s) in ALGS subjects. Should your product 
be approved, it is anticipated that patients with ALGS syndrome would receive 
your product for years, and possibly life-long.  We remind you that your 
overall clinical development program should characterize the safety of the to-
be-marketed drug (at the planned to-be-marketed doses) in a sufficient 
number of patients with the disease and for a sufficient duration. Typically for 
a rare disease, a safety database consisting of 1-10% of the existing disease 
population is preferable for detecting important safety signals. 2  
 

Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 2): 
Please refer to Question 1, Number 9, above.  
 
The total exposure at ≥400μg/kg/day is 67.8 patient years (814 patient months). The 
mean (SD) duration of dosing is as follows:  
 

86 subjects received <400 μg/kg/day for a mean (SD) duration of 17 (14) months  
37 subjects received ≥400μg/kg/day with a mean (SD) duration of 22 (14) months  

 
While we understand that this may be a lifelong treatment for some patients, the current 
safety database provides confidence that the drug is safe and well tolerated long term. 
These subjects are usually treated and closely monitored in tertiary care centers by 
highly specialized pediatric hepatologists due to the complexity of their underlying 
disease.  
 
The incidence of ALGS is estimated to be approximately 1 in 70,000 live births (Danks 
et al, 1977). A lifespan-adjusted prevalence estimate based on this figure results in an 
estimated 5,000 prevalent cases of ALGS in the United States. Higher and lower 
prevalence estimates have been published ranging from 2,000 to 9,500 cases. The 
overall safety database of 86 maralixibat-exposed ALGS patients equates to 1.7% of 
the US prevalence with a range of 0.9% to 4.3%. 
 
                                                           
2 Kathryn O’Connell & Anne R Pariser. Clinical trial safety population size: analysis of drug approvals for rare and 
common indications by FDA Center for Drug Evaluation and Research. Expert Opinion on Orphan Drugs. 2014. 
10.1517/21678707.935763 
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2.2. Clinical Pharmacology 
 

Question 3:  The 400 μg/kg/day dose of maralixibat offers greater benefit than lower 
doses for the treatment of pruritus associated with ALGS in patients 1 year of age 
and older while being well tolerated in those patients. Does the Agency agree that 
existing data with the 400 μg/kg/day dose are adequate to support an NDA filing for 
the proposed indication? 

 
FDA Response to Question 3: 
Please refer to FDA’s Response to Question 1 regarding the adequacy of 
currently available data to support an NDA filing for the proposed indication.  
 
Regarding the dose selection, we note that the 400 μg/kg/day dose of 
maralixibat was not compared to lower doses in the same study, i.e, Study 
LUM001-304 and doses higher than 400 ug/kg/day were not studied.  It is 
conceivable that higher doses may be beneficial. However, per the briefing 
package, as such, it appears that Study LUM001-304 may have allowed use of 
400 µg/kg bid in the open-label extension phase of the study. It is not clear 
what criteria were used to escalate the dose to 400 ug/kg BID and whether any 
efficacy data was collected with BID dosing to inform dose selection.  Please 
clarify all doses used in Study LUM001-304.  
 

Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 3): 
400 μg/kg/day is an effective dose. Doses below 400 μg/kg/day have not demonstrated 
efficacy. Higher doses have not demonstrated a substantial improvement in efficacy.  
 
At a dose of 400 μg/kg/day, Study LUM001-304 has demonstrated a nominally 
statistically significant and clinically relevant treatment effect on a clinical outcome 
measure of pruritus (ItchRO[Obs]), supported by internally consistent effects on other 
measures of pruritus (ItchRO(Pt) and CSS) and mechanistic biomarkers and disease 
manifestations (sBA, C4, Xanthomas).  
 
Following the dose-response study SHP625-101, showing a dose-effect on fecal bile 
acid excretion with doses from 10-100 mg (adult equivalents of 140-1400 µg/kg), the 
open-label ALGS extension Studies LUM001-303 and -304 (and the open-label PFIC 
Study LUM001-501) were amended to double the total daily dose to explore the safety 
and potential benefits of higher doses by adding an afternoon dose to the dosing 
regimen of those studies, bringing the total daily dose up to 560 µg/kg (280 µg/kg BID in 
303 and 501) and 800 µg/kg (400 µg/kg BID in 304). All study participants with sBA 
levels >ULN or ItchRO(Obs) values >1.5 were dose-escalated to this doubling of the 
dose, while collection of all efficacy and safety parameters continued. 
 
Analysis of the ALGS subjects showed a minimal incremental reduction on ItchRO(Obs) 
of 0.1 in those patients exposed to higher doses, though the dose increase was open-
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label. The safety and tolerability profile in subjects on BID dosing was similar to the 
profile on QD dosing with no increase in severity or frequency of events.  
 
Based on the totality of dosing information, in particular these observations on BID 
dosing and the suboptimal separation from placebo of the treatment effect in Studies 
LUM001-301 and -302, Mirum concludes that the 400 µg/kg QD dose provides a 
positive benefit-risk ratio in the ALGS patient population with moderate to severe 
pruritus and therefore proposes this dose for registration. 
 
2.3  Regulatory 

 
Question 4:  Does the Agency agree that the results from the clinical studies 
conducted to date support the filing of an NDA for the proposed indication: 
“Maralixibat is indicated for the treatment of pruritus associated with Alagille 
syndrome in patients 1 year of age and older”? 
 
FDA Response to Question 4: 
No, we do not agree. Please see FDA Response to Question 1.   
 
Additional Comments: 

1. You should evaluate the potential of maralixibat to inhibit CYP enzymes, 
especially the inhibition potential of CYP3A4 enzyme in small intestine. 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
A 28-day drug-drug interaction study of maralixibat with each of simvastatin and 
lovastatin was carried out in human volunteers. Simvastatin and lovastatin are primarily 
metabolized by CYP3A4 and it was found that maralixibat did not have a clinically 
significant effect on the pharmacokinetics of simvastatin or lovastatin, when 
administered concomitantly with each.  
 
We agree with the recommendation, and will evaluate the potential for maralixibat to 
directly inhibit a standard panel of CYP enzymes (CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, CYP2D6, and CYP3A) in human liver microsomes. Time 
dependent inhibition will also be evaluated for CYP3A. 
 

2. Please assess the potential of maralixibat being a substrate for 
transporters, especially for transporters that are expressed in the small 
intestine.  

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
We agree with the recommendation and propose to conduct an in vitro assessment of 
maralixibat as a potential substrate for the two important gut efflux transporters, BCRP 
and P-gp. 
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3. In your future submission, we request you to provide the summary of in 
vitro drug-drug interaction study results by enzyme and transporter and 
the assessment of in vivo drug-drug interaction potential in a tabulated 
format. We recommend that you assess the in vivo drug-drug interaction 
potential based on the results of in vitro studies and the systemic 
exposure at the highest dose in patients.  Based on the results of such 
assessments, in vivo drug-drug interaction studies may be necessary.   
The information on the drug-drug interaction potential should be used to 
plan allowed/disallowed concomitant medications for the clinical trials in 
patients as information becomes available.  

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
We agree with this request, and in a future submission we will provide the requested 
table. 
 

4. Based on the Briefing Package, it is not clear what formulation was used 
to assess of effect of food on maralixibat exposure. A food effect study 
should be conducted with to-be-marketed formulation.  

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
Study NB4-02-06-002 (protocol NB4-99-02-002) compared PK parameters in fasted and 
in fed healthy volunteers following dosing with maralixibat capsules. Study NB4-01-02-
035-ASR additionally examined the effect of food composition on pharmacodynamics in 
adults with hypercholesteremia and utilized an immediate release tablet formulation. We 
will plan to complete a food effect study with the to-be-marketed formulation. 
 

5. Please submit a tabulated list of all formulations if different from the to-
be-marketed formulation that were used in each of the submitted clinical 
studies with the corresponding study number.  If your to-be-marketed 
(TBM) formulation is different from the formulation that was used in the 
studies that support the clinical safety and efficacy, then you should 
bridge these formulations.  

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
Below is a table of formulations used in all clinical studies throughout development of 
maralixibat.  

 
 a liquid formulation was required 

to enable dosing in patients 1 year of age or older. This formulation is compounded on a 
patient specific basis for the Phase 2 studies with a varying amount of maralixibat 
(0.14mg/mL to 50mg/mL) and fixed volumes. The  Phase 3 formulation will use a 
formulation with a similar composition, but with fixed maralixibat concentrations and 
variable administered volumes to achieve the desired weight-based dosing. 
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Study Number Phase Population Maralixibat Formulation 

NB4-02-06-004 (Protocol NB4-00-02- 
004) 

 

1 
 

Healthy male volunteers 
 

14C-Maralixibat in 1%EtOH/Apple Juice 
NB4-01-06-019 (Protocol NB4-01-02- 
019) 

 

1 
 

Healthy volunteers 
 

Tablet (5mg) 
NB4-02-06-002 (Protocol NB4-99-02- 
002) 

 

1 
 

Healthy volunteers 
Capsule (0.5mg, 2mg, 5mg, 10mg, 
100mg) 

 

NB4-02-06-003 
 

1 
 

Healthy volunteers 
Capsule (0.5mg, 2mg, 5mg, 10mg, 
100mg) 

NB4-02-06-008 (Protocol NB4-99-02- 
008) 

 

1 
 

Healthy volunteers 
 

Capsule (0.5mg, 2mg) 

NB4-02-06-020 1 Healthy volunteers Tablet (5mg) 

 

SHP625-101 
 

1 
Overweight and Obese Adult 
Subjects 

Compounded oral formulation 
(10mg/mL - 50mg/mL) 

NB4-00-06-014 (protocol NB4-00-02- 
014) 

 

2 
Adolescents with 
Hypercholesterolemia 

 

Capsule (0.1mg, 0.5mg, 2mg, 5mg) 

NB4-03-06-009 (MONARCH, Protocol 
NB4-01-12-009) 

 

2 
Adults with 
Hypercholesterolemia 

 

Tablet (1mg, 2.5mg, 5mg) 
 

LUM001-201 (CLARITY) 
 

2 
Adults with Primary Biliary 
Cirrhosis 

 

Tablet (2.5mg, 10mg) 
 

LUM001-301 (ITCH) 
 

2 
Pediatric subjects with Alagille 
Syndrome 

Compounded oral solution (0.14mg/mL- 
40mg/mL) 

 

LUM001-302 (ITCH) 
 

2 
Pediatric subjects with Alagille 
Syndrome 

Compounded oral solution (0.14mg/mL- 
20mg/mL) 

 

LUM001-303 (IMAGINE) 
 

2 
Pediatric subjects with Alagille 
Syndrome 

Compounded oral solution (0 35mg/mL- 
50mg/mL) 

 

LUM001-304 (ICONIC) 
 

2 
Pediatric subjects with Alagille 
Syndrome 

Compounded oral solution (0.14mg/mL- 
50mg/mL) 

 

LUM001-305 (IMAGINE II) 
 

2 
Pediatric subjects with Alagille 
Syndrome 

Compounded oral solution (0 35mg/mL- 
20mg/mL) 

 

LUM001-501 (INDIGO) 
 

2 
Progressive Familial Intrahepatic 
Cholestasis 

Compounded oral solution (0.14mg/mL- 
50mg/mL) 
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For a planned meeting with FDA in October 2017, the previous sponsor proposed that 
bridging studies not be required due to the highly soluble, poorly permeable, and rapid 
dissolving nature of the Phase 2 and  Phase 3 formulations (IND , SN 0069). 
In the preliminary responses to the meeting request (received October 30, 2017), the 
Agency agreed that the approach seemed reasonable, but additional information on the 
physical properties of the two formulations was required. This information was provided 
in IND , SN 0078, and demonstrated similarity in the properties of the two 
formulations. Data obtained in the Phase 2 studies conducted to date indicated that the 
Phase 2 formulation demonstrated minimal systemic absorption, consistent with previous 
results from all studies with solid oral dosage forms, and with maralixibat dissolved in 1% 
ethanol/apple juice. Given the similarity of the composition and properties of the Phase 2 
and  Phase 3 formulations, as well as planned collection of limited bioavailability 
data in the MRX-502 study (IND , SN 0096), we will have sufficient information to 
support the bridging of the Phase 2 and  Phase 3 formulations used in the pediatric 
populations. 
 

6. We recommend that you use adequately validated assay methods in a 
consistent manner to measure any biomarker that are important for safety 
or efficacy assessments throughout the development program. The same 
assay method should be used across the study sites throughout the 
study duration or a central laboratory(ies) should analyze the samples.  If 
multiple bioanalytical assay methods/ local laboratories will be used, we 
recommend that cross-comparison among methods be performed to 
allow comparison of biomarker values obtained by different assay 
methods. Refer to ‘Guidance for Industry Bioanalytical Method Validation’ 
for detail (https://www.fda.gov/media/70858/download). 

 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
Mirum agrees with the need to use adequately validated assay methods in a consistent 
manner and would like to clarify with the Agency, either during the meeting (time-
permitting) or in follow-up, the specific biomarkers being referenced here. 

 
7. Clarify if the 0.5 ml, 1.0 ml and 3.0 ml syringes are to be co-packaged with 

the proposed drug product.  
 
Mirum Pharmaceuticals, Inc. submitted responses on May 20, 2019 (Question 4): 
Mirum intends for the syringes to not be co-packaged with the proposed drug product. 
 
3.0 PREA REQUIREMENTS 
 
Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for 
new active ingredients (which includes new salts and new fixed combinations), new 
indications, new dosage forms, new dosing regimens, or new routes of administration 
are required to contain an assessment of the safety and effectiveness of the product for 
the claimed indication(s) in pediatric patients unless this requirement is waived, 
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deferred, or inapplicable.  
 
Please be advised that under the Food and Drug Administration Safety and Innovation 
Act (FDASIA), you must submit an Initial Pediatric Study Plan (iPSP) within 60 days of 
an End-of-Phase-2 (EOP2) meeting. In the absence of an EOP2 meeting, refer to the 
draft guidance below. The iPSP must contain an outline of the pediatric study or studies 
that you plan to conduct (including, to the extent practicable study objectives and 
design, age groups, relevant endpoints, and statistical approach); any request for a 
deferral, partial waiver, or waiver, if applicable, along with any supporting 
documentation, and any previously negotiated pediatric plans with other regulatory 
authorities. The iPSP should be submitted in PDF and Word format. Failure to include 
an Agreed iPSP with a marketing application could result in a refuse to file action.  
 
For additional guidance on the timing, content, and submission of the iPSP, including an 
iPSP Template, please refer to the draft guidance for industry Pediatric Study Plans: 
Content of and Process for Submitting Initial Pediatric Study Plans and Amended 
Pediatric Study Plans.3 In addition, you may contact the Division of Pediatric and 
Maternal Health at 301-796-2200 or email Pedsdrugs@fda.hhs.gov. For further 
guidance on pediatric product development, please refer to FDA.gov.4 
 
4.0 DATA STANDARDS FOR STUDIES 
 
Under section 745A(a) of the FD&C Act, electronic submissions “shall be submitted in 
such electronic format as specified by [FDA].” FDA has determined that study data 
contained in electronic submissions (i.e., NDAs, BLAs, ANDAs and INDs) must be in a 
format that the Agency can process, review, and archive. Currently, the Agency can 
process, review, and archive electronic submissions of clinical and nonclinical study 
data that use the standards specified in the Data Standards Catalog.5   
 
On December 17, 2014, FDA issued the guidance for industry Providing Electronic 
Submissions in Electronic Format--- Standardized Study Data. This guidance describes 
the submission types, the standardized study data requirements, and when 
standardized study data are required. Further, it describes the availability of 
implementation support in the form of a technical specifications document, Study Data 

                                                           
3 When final, this guidance will represent the FDA’s current thinking on this topic. For the most recent 
version of a guidance, check the FDA guidance web page at 
https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
4 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/ucm0
49867.htm 
5 http://www.fda.gov/forindustry/datastandards/studydatastandards/default.htm  
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Technical Conformance Guide,6 as well as email access to the eData Team (cder-
edata@fda.hhs.gov) for specific questions related to study data standards. 
Standardized study data are required in marketing application submissions for clinical 
and nonclinical studies that started after December 17, 2016. Standardized study data 
are required in commercial IND application submissions for clinical and nonclinical 
studies that started after December 17, 2017. CDER has produced a Study Data 
Standards Resources web page7 that provides specifications for sponsors regarding 
implementation and submission of clinical and nonclinical study data in a standardized 
format. This web page will be updated regularly to reflect CDER's growing experience in 
order to meet the needs of its reviewers. 
 
For commercial INDs and NDAs, Standard for Exchange of Nonclinical Data (SEND) 
datasets are required to be submitted along with nonclinical study reports for study 
types that are modeled in an FDA-supported SEND Implementation Guide version. The 
FDA Data Standards Catalog, which can be found on the Study Data Standards 
Resources web page noted above, lists the supported SEND Implementation Guide 
versions and associated implementation dates. 
 
Although the submission of study data in conformance to the standards listed in the 
FDA Data Standards Catalog will not be required in studies that started on or before 
December 17, 2016, CDER strongly encourages IND sponsors to use the FDA 
supported data standards for the submission of IND applications and marketing 
applications. The implementation of data standards should occur as early as possible in 
the product development lifecycle, so that data standards are accounted for in the 
design, conduct, and analysis of clinical and nonclinical studies. For clinical and 
nonclinical studies, IND sponsors should include a plan (e.g., in the IND) describing the 
submission of standardized study data to FDA. This study data standardization plan 
(see the FDA Study Data Technical Conformance Guide) will assist FDA in identifying 
potential data standardization issues early in the development program. 
 
If you have not previously submitted an eCTD submission or standardized study data, 
we encourage you to send us samples for validation following the instructions at 
FDA.gov.8 For general toxicology, supporting nonclinical toxicokinetic, and 
carcinogenicity studies, submit data in the Standards for the Exchange of Nonclinical 
Data (SEND) format. The validation of sample submissions tests conformance to FDA 
supported electronic submission and data standards; there is no scientific review of 

                                                           
6 
http://www.fda.gov/downloads/ForIndustry/DataStandards/StudyDataStandards/UCM38
4744.pdf 
7 http://www.fda.gov/ForIndustry/DataStandards/StudyDataStandards/default.htm 
 
8 
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequireme
nts/Electro nicSubmissions/ucm174459.htm 
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content. 
 
The Agency encourages submission of sample data for review before submission of the 
marketing application. These datasets will be reviewed only for conformance to 
standards, structure, and format. They will not be reviewed as a part of an application 
review. These datasets should represent datasets used for the phase 3 trials. The FDA 
Study Data Technical Conformance Guide9 (Section 7.2 eCTD Sample Submission pg. 
30) includes the link to the instructions for submitting eCTD and sample data to the 
Agency. The Agency strongly encourages Sponsors to submit standardized sample 
data using the standards listed in the Data Standards Catalog referenced on the FDA 
Study Data Standards Resources web site.10 When submitting sample data sets, clearly 
identify them as such with SAMPLE STANDARDIZED DATASETS on the cover letter 
of your submission. 
 
Additional information can be found at FDA.gov.11 
 
5.0 DISCUSSION OF SAFETY ANALYSIS STRATEGY FOR THE ISS  
 
After initiation of all trials planned for the phase 3 program, you should consider 
requesting a Type C meeting to gain agreement on the safety analysis strategy for the 
Integrated Summary of Safety (ISS) and related data requirements. Topics of 
discussion at this meeting would include pooling strategy (i.e., specific studies to be 
pooled and analytic methodology intended to manage between-study design 
differences, if applicable), specific queries including use of specific standardized 
MedDRA queries (SMQs), and other important analyses intended to support safety. The 
meeting should be held after you have drafted an analytic plan for the ISS, and prior to 
programming work for pooled or other safety analyses planned for inclusion in the ISS. 
This meeting, if held, would precede the Pre-NDA meeting. Note that this meeting is 
optional; the issues can instead be addressed at the pre-NDA meeting. 
 
To optimize the output of this meeting, submit the following documents for review as 
part of the briefing package: 

• Description of all trials to be included in the ISS. Please provide a tabular listing 
of clinical trials including appropriate details. 

• ISS statistical analysis plan, including proposed pooling strategy, rationale for 
inclusion or exclusion of trials from the pooled population(s), and planned 
analytic strategies to manage differences in trial designs (e.g., in length, 

                                                           
9 
https://www.fda.gov/downloads/ForIndustry/DataStandards/StudyDataStandards/UCM3
84744.pdf 
10 https://www.fda.gov/ForIndustry/DataStandards/StudyDataStandards/default.htm 
11 http://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirem 
ents/ElectronicSubmissions/ucm248635.htm 
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randomization ratio imbalances, study populations, etc.).  

• For a phase 3 program that includes trial(s) with multiple periods (e.g., double-
blind randomized period, long-term extension period, etc.), submit planned 
criteria for analyses across the program for determination of start / end of trial 
period (i.e., method of assignment of study events to a specific study period).   

• Prioritized list of previously observed and anticipated safety issues to be 
evaluated, and planned analytic strategy including any SMQs, modifications to 
specific SMQs, or sponsor-created groupings of Preferred Terms. A rationale 
supporting any proposed modifications to an SMQ or sponsor-created groupings 
should be provided.  

When requesting this meeting, clearly mark your submission “DISCUSS SAFETY 
ANALYSIS STRATEGY FOR THE ISS” in large font, bolded type at the beginning of 
the cover letter for the Type C meeting request. 
 
6.0 LABORATORY TEST UNITS FOR CLINICAL TRIALS 
 
CDER strongly encourages IND sponsors to identify the laboratory test units that will be 
reported in clinical trials that support applications for investigational new drugs and 
product registration. Although Système International (SI) units may be the standard 
reporting mechanism globally, dual reporting of a reasonable subset of laboratory tests 
in U.S. conventional units and SI units might be necessary to minimize conversion 
needs during review. Identification of units to be used for laboratory tests in clinical trials 
and solicitation of input from the review divisions should occur as early as possible in 
the development process. For more information, please see the FDA website entitled 
Study Data Standards Resources12 and the CDER/CBER Position on Use of SI Units 
for Lab Tests website.13  
 
7.0 OFFICE OF SCIENTIFIC INVESTIGATIONS (OSI) REQUESTS  
 
The Office of Scientific Investigations (OSI) requests that the items described in the 
draft guidance for industry Standardized Format for Electronic Submission of NDA and 
BLA Content for the Planning of Bioresearch Monitoring (BIMO) Inspections for CDER 
Submissions (February 2018) and the associated Bioresearch Monitoring Technical 
Conformance Guide Containing Technical Specifications be provided to facilitate 
development of clinical investigator and sponsor/monitor/CRO inspection assignments, 
and the background packages that are sent with those assignments to the FDA ORA 
investigators who conduct those inspections. This information is requested for all major 
                                                           
12 http://www.fda.gov/ForIndustry/DataStandards/StudyDataStandards/default.htm 
13 
https://www.fda.gov/downloads/ForIndustry/DataStandards/StudyDataStandards/UCM5
87505.pdf 
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trials used to support safety and efficacy in the application (i.e., phase 2/3 pivotal trials). 
Please note that if the requested items are provided elsewhere in submission in the 
format described, the Applicant can describe location or provide a link to the requested 
information.  
 
Please refer to the draft guidance for industry Standardized Format for Electronic 
Submission of NDA and BLA Content for the Planning of Bioresearch Monitoring 
(BIMO) Inspections for CDER Submissions (February 2018) and the associated 
Bioresearch Monitoring Technical Conformance Guide Containing Technical 
Specifications.14 
 
8.0 NEW PROTOCOLS AND CHANGES TO PROTOCOLS 
 
To ensure that the Division is aware of your continued drug development plans and to 
facilitate successful interactions with the Division, including provision of advice and 
timely responses to your questions, we request that the cover letter for all new phase 2 
or phase 3 protocol submissions to your IND or changes to these protocols include the 
following information: 
 

(1) Study phase 

(2) Statement of whether the study is intended to support marketing and/or labeling 
changes 

(3) Study objectives (e.g., dose finding) 

(4) Population 

(5) A brief description of the study design (e.g., placebo or active controlled)  

(6) Specific concerns for which you anticipate the Division will have comments 

(7) For changes to protocols only, also include the following information:  

• A brief summary of the substantive change(s) to the protocol (e.g., changes to 

                                                           
14 
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/FormsSubmission
Re quirements/UCM332468.pdf 
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endpoint measures, dose, and/or population)  

• Other significant changes 

• Proposed implementation date 

We recommend you consider requesting a meeting to facilitate discussion of multiple 
and/or complex issues. 
 
9.0 UNITED STATES PATIENT POPULATION 
 
FDA expects sponsors to enroll participants who are relevant to the planned use of the 
drug in the US population. Describe the steps you are taking to ensure that the clinical 
trial population will be relevant to the US patient population that will receive the drug. 
Include a discussion of participation of US vs. non-US sites and discuss whether the 
subjects likely to be enrolled will adequately represent the US patient population in 
terms of disease characteristics, sex, race/ethnicity, age, and standards of care. See 21 
CFR 312.33(a)(2) and 21 CFR 314.50(d)(5)(v) and the guidance for industry Collection 
of Race and Ethnicity Data in Clinical Trials for more information. 
 
We recommend you consider requesting a meeting to facilitate discussion of multiple 
and/or complex issues.  
 
10.0 ISSUES REQUIRING FURTHER DISCUSSION 
 
None. 
 
11.0 ACTION ITEMS 
 
None. 
 
12.0 ATTACHMENTS AND HANDOUTS 
 
Mirum Pharmaceuticals, Inc. presented the attached slides during the meeting. 
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