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1 INTRODUCTION

This review documents the Division of Risk Management (DRISK) evaluation to assess the 
need for a risk evaluation and mitigation strategy (REMS) for Cholbam™ (cholic acid), NDA 
205750,  The application was received 
by the Division of Gastrointestinal and Inborn Errors Products (DGIEP) from Asklepion
Pharmaceuticals on November 21, 2013; major amendments to the NDA were received on 
January 24, 2014 and February 14, 2014.  Since the most recent amendment, the Applicant has 
submitted more than 30 clinical responses to information requests from the Agency.  The 
Applicant did not propose a REMS for cholic acid.

1.1 BACKGROUND
1-7

1.1.1 Disease Background

Bile acids are end products of cholesterol metabolism that drive bile flow needed for the 
excretion of lipid-soluble waste products of metabolism, and for the intestinal absorption of 
dietary lipids, including fat-soluble vitamins.  Bile flow is directly dependent on effective bile 
acid synthesis and secretion by hepatocytes.  The primary bile acids – cholic acid and 
chenodeoxycholic acid – are synthesized through multiple enzymatic modifications of
cholesterol along two main pathways in the cytosol, mitochondria, and peroxisomes of 
hepatocytes.  Impairment of a single step in the sequence of modifications – referred to as single 
enzyme defects (SED) – can lead to cholestasis and the accumulation of atypical bile acid
intermediates that can cause progressive chronic liver disease and liver failure, which may result
in the need for liver transplant.  Inborn errors of primary bile acid synthesis involve deficiencies 
of several key enzymes along the pathways, including 27-hydroxylase; 3β-hydroxy-C27-steroid 
oxidoreductase; Δ4-3-oxosteroid 5β-reductase; and 2-methylacyl-CoA racemase, among other 
enzymes.

Although the overall prevalence of bile acid synthesis disorders is unknown, they are extremely 
rare genetic diseases that have an estimated prevalence range of <1 to 9 in 1,000,000 persons.  
Age at diagnosis, presentation, and clinical manifestations vary depending on the specific 
enzyme deficiency.  For example, the condition cerebrotendinous xanthomatosis is caused by a 
deficiency of 27-hydroxylase and often results in neonatal cholestatic jaundice and chronic 

                                                          
1 Barrett KE. Bile Formation and Secretion. In: Gastrointestinal Physiology (2nd ed.), New York, NY: McGraw-
Hill; 2014. http://accessmedicine.mhmedical.com/content.aspx?bookid=691&Sectionid=45431412. Accessed 
October 21, 2014.
2 A-kader HK and Balistreri WF. Neonatal cholestasis. In: Nelson Textbook of Pediatrics (19th ed.), Philadelphia, 
PA: Elsevier Saunders; 2011.
3 Heubi JE, et al. Inborn errors of bile acid metabolism. Semin Liver Dis 2007; 27:282-294.
4 Sundaram SS, et al. Mechanisms of disease: inborn errors of bile acid synthesis. Nat Clin Pract Gastroenterol 
Hepatol 2008; 5:456-468.
5 Orphanet. The portal for rare diseases and orphan drugs. Disorder of bile acid synthesis. January 2011 (accessible 
at: http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=79168).
6 Waldman AT and Percy AK. Cerebrotendinous xanthomatosis. In: UpToDate, Gonzalez-Scarano F, Patterson 
MC, and Dashe JF (Eds.), UpToDate, Waltham, MA, 2014.
7 Percy AK and Wanders RJA. Peroxisomal disorders. In: UpToDate, Patterson MC, Firth HV, Hoppin AG (Eds.), 
UpToDate, Waltham, MA, 2014. 
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infantile diarrhea; other systemic symptoms include premature cataracts, tendon xanthomas, 
cardiovascular disease, and progressive neurologic disease that begins in late childhood or early 
adulthood.  In patients with 3β-hydroxy-C27-steroid oxidoreductase deficiency (3βHSD), most
patients present as neonates with elevated serum transaminase levels, progressive jaundice, 
hepatomegaly, and malabsorption, with resultant fat-soluble vitamin deficiency and steatorrhea.  
Deficiency of Δ4-3-oxosteroid 5β-reductase (AKR1D1) results in a clinical presentation similar 
to 3βHSD, though these infants tend to have a more severe and rapidly progressive liver disease 
compared to those with 3βHSD.  There are very few case reports in the literature of 2-
methylacyl-CoA racemase deficiency; the clinical presentation of this disorder has ranged from 
infants with cholestasis, elevated liver enzymes and coagulopathy, to adults who were 
asymptomatic as children and presented with adult-onset neurologic disorders.    

Primary bile acid synthesis is also impacted in peroxisomal disorders caused by protein import 
failures in forming or maintaining the peroxisome.  Protein import failures are referred to as 
peroxisomal biogenesis disorders (PD) and result in multiple enzyme failures with various 
clinical manifestations and severity.  Three of the biogenesis disorders – Zellweger syndrome,
neonatal adrenoleukodystrophy, and infantile Refsum disease – form a spectrum of overlapping 
features (referred to as Zellweger spectrum disorders), with the most severe being Zellweger 
syndrome and the least severe infantile Refsum disease. The clinical presentation of most 
peroxisomal disorders includes neurologic dysfunction, which can be profound, craniofacial 
dysmorphisms, developmental delay, chronic liver disease, and other abnormalities.

1.1.2 Product Background

There are currently no FDA-approved therapies for the treatment of primary bile acid synthesis 
or peroxisomal disorders.  The proposed indications for cholic acid include the treatment of bile 
acid synthesis disorders due to single enzyme defects, and the adjunctive treatment of 
peroxisomal disorders (PDs) including Zellweger spectrum disorders in patients who exhibit 
manifestations of liver disease, steatorrhea, or complications from decreased fat soluble vitamin 
absorption.  The safety and effectiveness of cholic acid for the treatment of extrahepatic 
manifestations of bile acid synthesis or peroxisomal disorders have not been established.  
Cholbam™ is  manufactured in 50 mg and 250 mg 
capsules.  The proposed dosage is 10-15 mg/kg by mouth daily as chronic therapy.

1.2 REGULATORY HISTORY

January 3, 1992: Initiation of Study CAC-91-10-10, ‘Investigation in the Pathogenesis of Liver 
Disease in Patients with Inborn Errors of Bile Acid Metabolism including data from 
Investigations of the Potential Benefit of Bile Acid Therapy for Patients with Peroxisomal
Disorders Affecting Bile Acid Metabolism.’  The study is an open label, single arm, 
nonrandomized, compassionate treatment study that will be completed in December 2009.

June 5, 1994: Submission of IND 45,470 by James Heubi, M.D. and Kenneth Setchell, Ph.D. to 
study the potential benefit of bile acid therapy in patients with inborn errors of bile acid
synthesis.

July 18, 2003: Cholic acid receives orphan product designation for the treatment of inborn 
errors of cholesterol and bile acid synthesis and metabolism.

July 11, 2007: IND 45,470 is transferred to Asklepion Pharmaceuticals.
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alive at the last follow-up, or who met at least one laboratory criterion, had increased body 
weight, and were alive at the last follow-up.8  

Forty-four patients with SED and 24 patients with PD had sufficient information available to 
assess the response to cholic acid therapy.  Overall 28 (64%) of the 44 patients with an SED
responded to treatment.  An additional published report of 15 patients with SED was also 
considered by the review team; liver biopsies were performed in 14 patients (these patients 
completed at least five years of cholic acid treatment) and all showed resolution of cholestasis.9  
In patients with PD, 11 (46%) of 24 patients overall responded to treatment.  Cholic acid had no 
effect on other extrahepatic manifestations, such as neurologic symptoms, in the PD patients.

3.2 SAFETY CONCERNS

3.2.1 Serious Adverse Events

Nonfatal serious adverse events (SAE) of any nature were reported in four patients with SED 
and eight patients with PD.  No trends were identified; each SAE occurred only once or twice, 
with the exception of three patients who experienced a urinary tract infection.  One patient with 
an SAE of disease progression discontinued treatment, and the outcome of a patient with gastric 
ulcer was not available.  All other patients recovered from the adverse events.

3.2.2 Deaths

Among the 50 patients with SED, five patients died.  The cause of death was attributed to 
progression of underlying liver disease in every patient.  Of the 29 patients with PD including 
Zellweger spectrum disorders, 12 patients died.  In the majority of these patients (8/12), the 
cause of death was attributed to progression of underlying liver disease or to a worsening of 
their primary illness.  Two additional patients (1 SED and 1 PD) died who had been off study 
medication for more than one year with the cause of death most likely being a progression of 
their underlying liver disease.

Two patients died in the SED extension study. The cause of death in both cases was unrelated 
to their primary treatment or progression of their underlying liver disease.  Four patients died in 
the PD extension study.  The cause of death in three of the four patients was attributed to 
progression of underlying liver disease or to a worsening of their primary illness.  

3.2.3 Exacerbation of hepatic dysfunction

Evidence of liver dysfunction was present before treatment with cholic acid in 86% (44/51) of 
patients with bile acid synthesis disorders due to SED and in 50% (14/28) of patients with PD.  
Five of the patients (3 SED and 2 PD) with liver impairment at baseline experienced worsening 
serum transaminases, elevated bilirubin values, or worsening cholestasis on liver biopsy 
following treatment.  An additional 5 patients (2 SED and 3 PD) who did not have baseline 
cholestasis experienced an exacerbation of their liver disease while on treatment.

                                                          
8 The responder analysis is described in the Cholbam™ prescribing information.
9 Gonzales E, et al. Oral cholic acid for hereditary defects of primary bile acid synthesis: a safe and effective long-
term therapy. Gastroenterology 2009; 137:1310-1320.
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3.2.4 Adverse reactions

The most frequent adverse reaction was diarrhea (n=3).  Other reactions included reflux 
esophagitis, malaise, jaundice, skin lesion, nausea, abdominal pain, intestinal polyp, urinary 
tract infection, and peripheral neuropathy, each of which occurred one time.

3.2.5 Postmarketing Requirements

The Applicant will conduct a registry study as a postmarketing requirement to further evaluate
the long term safety of treatment with cholic acid with respect to worsening cholestasis,
steatorrhea leading to poor growth, fat soluble vitamin deficiency leading to coagulopathy or 
neuropathic process related to the latter, death, and pregnancy-related outcomes.

4 DISCUSSION

Based on the responder analysis developed by DGIEP and evidence from the literature, cholic
acid demonstrated efficacy in the treatment of cholic acid deficiency for bile acid synthesis 
disorders due to single enzyme defects and as adjunctive treatment of peroxisomal disorders in 
patients who exhibit manifestations of liver disease, steatorrhea, or complications from 
decreased fat soluble vitamin absorption. Although a number of deaths were reported during 
the studies, SED and PD are life-threatening diseases, and most deaths were related to 
progression of underlying liver disease or a worsening of the primary illness.  The main safety 
concern associated with cholic acid appears to be the potential for exacerbation of hepatic 
dysfunction and worsening of underlying cholestasis.  However, it may be clinically challenging
to determine whether such worsening is attributable to disease progression or to the treatment.  
Clinical management of patients with SED or PD currently includes regular monitoring of 
hepatic function, and the cholic acid prescribing information will provide a detailed monitoring 
schedule of liver function testing as well as instruction to discontinue treatment if there are 
persistent clinical or laboratory indicators of worsening liver function or cholestasis.  

Based on currently available data, DRISK does not recommend a REMS as necessary to ensure 
the benefits of cholic acid outweigh the risks.  Bile acid synthesis disorders related to SED or 
PD are extremely rare, serious, and life-threatening conditions and are currently without any 
approved pharmacologic treatment.  There are no Boxed Warnings under consideration for the 
main safety concern of worsening hepatic function, which will be described under the Warnings 
and Precautions section.

The most likely prescribers of cholic acid are hepatologists or pediatric gastroenterologists who
should be familiar with the monitoring and clinical management of patients with bile acid 
synthesis disorders, and who inherently understand the risk of hepatic worsening in these 
conditions regardless of its association with the disease or treatment. Therefore, it is DRISK’s 
assessment that the risks of cholic acid therapy will be adequately communicated by the 
prescribing information.  The postmarketing patient registry will obtain data to better 
understand these risks.

5 CONCLUSION AND RECOMMENDATIONS

In conclusion, risk mitigation measures beyond the labeling are not warranted for cholic acid
therapy.  The efficacy of cholic acid for the treatment of bile acid synthesis disorders due to 
SED – and as adjunctive therapy in patients with PD who exhibit manifestations of liver 
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disease, steatorrhea, or complications from decreased fat soluble vitamin absorption – has been 
demonstrated at an acceptable level to the Agency given the rarity of this disorder.  The main 
risk associated with the drug appears to be the potential exacerbation of hepatic dysfunction.  
Based on currently available data, the benefit-risk profile for cholic acid is acceptable and the 
risks can be communicated to the prescribing community through the labeling.

Should DGIEP have any concerns or questions, or feel that a REMS may be warranted for this 
product, or if new safety information becomes available, please send a consult to DRISK.
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