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The submitted data supported the comparability of the  drug product to the  drug 
product used in clinical trials, and demonstrated that Kanuma drug product manufactured at the  
site is pure, potent, and stable.  In a memorandum dated December 7, 2015, the Office of Biotechnology 
Products (OBP), recommended approval of the BLA for Kanuma (sebelipase alfa), as amended. 
 
In accordance with OBP’s recommendation for approval, the Division of Gastroenterology and Inborn 
Errors Products also recommends approval of the amended BLA for Kanuma (sebelipase alfa) for the 
treatment of patients with a diagnosis of lysosomal acid lipase (LAL) deficiency.  I concur with this 
recommendation. 
 
Product labeling adequately addresses the safety concerns identified with use of Kanuma (sebelipase 
alfa), including the risks of hypersensitivity reactions and anaphylaxis.  A Risk Evaluation and Mitigation 
Strategy (REMS) for Kanuma (sebelipase alfa) will not be required.   
 
A postmarketing long-term prospective clinical outcomes trial will be conducted to assess the rate of 
progression of liver and cardiovascular disease, and changes in anthropometric assessments, in pediatric 
and adult patients receiving Kanuma (sebelipase alfa).   
 
The applicant has also agreed to conduct several postmarketing studies addressing quality and 
microbiology for the drug substance and the drug product, as discussed in my September 12, 2015 
memorandum.  The following are the revised drug product quality microbiology postmarketing studies 
to be included in the approval letter: 
 

1. Validate the  

. If the  is 
revised based on the validation study, update the BLA file accordingly. 

 
2. Perform a microbial retention study to support the proposed  time limit for  

 Limit the validated time for  to  until the  time limit 
has been approved by the Agency. 

 
3. Perform a study to confirm that the dye ingress test method used for drug product stability 

samples is capable of detecting small defects that could allow microbial ingress. The study 
should be performed with a range of small defect sizes ). Revise the positive 
control defect size used for stability testing based on the results of the study and update the BLA 
file accordingly. 

 
4. Conduct a study to understand the mechanism of endotoxin masking and/or interference in the 

drug product.  Explore alternative test methods and develop a more suitable in vitro test 
method for the drug product. 

 
The approval of the BLA for Kanuma (sebelipase alfa) will occur immediately following CVM’s approval 
of the new animal drug application for the genetically engineered chicken line that produces 
recombinant human LAL in its egg whites. 
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1.  Benefit-Risk Assessment 

Benefit-Risk Summary and Assessment 
 
Kanuma (sebelipase alfa) is a recombinant human lysosomal acid lipase (rhLAL) and a new molecular entity.   LAL is a lysosomal glycoprotein enzyme that 
catalyzes the hydrolysis of cholesteryl esters and triglycerides to free cholesterol, glycerol and fatty acids.  Kanuma (sebelipase alfa) is produced by 
recombinant DNA technology in the egg whites of eggs laid by genetically engineered (GE) chickens.   This will be the first approval of a GE biopharm animal 
(i.e., a GE animal that produces medical products) containing articles regulated by the Center for Veterinary Medicine (CVM) and the Center for Drug 
Evaluation and Research (CDER).   
  
I concur with the recommendation of the Division of Gastroenterology and Inborn Errors Products to approve Kanuma (sebelipase alfa) for the treatment of 
patients with a diagnosis of lysosomal acid lipase (LAL) deficiency pending satisfactory resolution of the GMP violations observed at the drug product 
manufacturing (fill/finish) facility.   
 
Lysosomal acid lipase (LAL) deficiency is a rare, autosomal recessive lysosomal storage disorder.  Infants with LAL deficiency (also known as Wolman disease) 
have absent or less that 1% of normal LAL enzyme activity, and a clinical course that is fulminant and rapidly fatal in the first 3 to 12 months of life.  Clinical 
features include massive hepatosplenomegaly, liver cirrhosis/failure, growth failure, malnutrition and cachexia.  
 
In contrast, older children and adults with LAL deficiency (also known as cholesterol ester storage disease or CESD), have low (1 to 12% of normal) LAL 
enzyme activity and a clinical course that is variable.  Laboratory and clinical features include elevated transaminases, dyslipidemia, hepatosplenomegaly, 
hepatic fibrosis with progression to cirrhosis, and accelerated atherosclerosis.  Premature demise is due to liver failure and/or accelerated atherosclerotic 
disease secondary to chronic hyperlipidemia. 
 
There are no FDA-approved therapies for LAL deficiency.  Kanuma (sebelipase alfa) will be the first approved enzyme replacement therapy for this disease.  
The recommended starting dose for patients with Wolman disease is 1 mg/kg administered intravenously once weekly.  For patients who do not achieve an 
optimal clinical response, the recommended dose is 3 mg/kg once weekly.  For CESD patients, the recommended dose is 1 mg/kg administered intravenously 
once every other week.  Doses are infused over two hours using a low-protein binding infusion set with an in-line, low-protein binding 0.2 micron filter.  
 
Kanuma (sebelipase alfa) was efficacious for the treatment of LAL deficiency in infants (Wolman disease) and in older children and adults (CESD) in clinical 
trials.  Six of 9 patients with Wolman disease were alive at 12 months of age as compared to 0 of 21 patients in an untreated historical cohort with a similar 
age at disease presentation and clinical characteristics.  Improvements in weight-for-age z-scores were observed in surviving patients. 
 
In CESD patients treated with sebelipase alfa, statistically significant reductions in LDL-c, non-HDL-c and triglyceride levels, and improvements in HDL-c levels 
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were noted at 20 weeks as compared to placebo.  The effects of sebelipase alfa on cardiovascular morbidity and mortality have not been established. 
 

At 20 weeks, CESD patients treated with sebelipase alfa had larger reductions from baseline in ALT values and liver fat content (as measured by MRI) 
compared to placebo.  The significance of these findings with respect to progression of liver disease in responding patients has not been established.  CESD 
patients treated for up to 36 weeks demonstrated continued improvements in lipid parameters, including LDL-c and HDL-c levels, and ALT values.  Patients 
on placebo during the double-blind period who were switched to sebelipase alfa treatment exhibited similar improvements. 
 
The overall safety profile of sebelipase alfa for the treatment of patients with a diagnosis of lysosomal acid lipase deficiency is acceptable.  Hypersensitivity 
reactions, including rare cases of anaphylaxis, were reported with sebelipase alfa treatment.  These remain the most common, potentially serious adverse 
reactions associated with enzyme replacement therapies.  These reactions will be highlighted in the Warnings and Precautions section of product labeling 
and medical interventions that could be employed should these reactions occur will be described.   
 
The most common adverse reactions reported with sebelipase alfa treatment in patients with Wolman disease were diarrhea, vomiting, fever, rhinitis, 
anemia, cough, nasopharyngitis and urticaria.  The most common adverse reactions reported with sebelipase alfa treatment in patients with CESD were 
headache, fever, oropharyngeal pain, nasopharyngitis, asthenia, constipation and nausea. 
 
In clinical trials, breakdown of accumulated lysosomal lipid led to transient increases in LDL-c and triglyceride levels in the majority of patients treated with 
sebelipase alfa.  Improvement in dyslipidemia was observed within 8 weeks of the start of treatment. 
 
Anti-drug antibodies (ADA) to sebelipase alfa can develop, but titers decline with continued treatment in most patients.  In patients with Wolman disease, 
hypersensitivity reactions were noted more commonly in ADA positive patients than in ADA-negative patients.  There is no clear association between the 
development of ADA and decreased efficacy in CESD patients. 
 
Product labeling adequately addresses the safety concerns identified with use of Kanuma (sebelipase alfa), including the risks of hypersensitivity reactions 
and anaphylaxis.  A Risk Evaluation and Mitigation Strategy (REMS) for Kanuma (sebelipase alfa) will not be required.   
 
A post-approval long-term prospective clinical outcomes trial will be conducted to assess the rate of progression of liver and cardiovascular disease in 
pediatric and adult patients receiving Kanuma (sebelipase).   The applicant will also address several issues related to quality and microbiology for the drug 
substance and the drug product.   
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2. Additional Comments 

2.1  Regulatory Milestones 
 
Sebelipase alfa received Orphan Drug designation on July 1, 2010 and Fast Track designation on June 
14, 2011.  Breakthrough Therapy designation was granted on May 13, 2013 for the rapidly progressive 
phenotype in infants (i.e., Wolman disease),  

 
  

 
On January 8, 2015, the applicant, Synageva BioPharma Corp., completed its rolling submission of BLA 
125561 for sebelipase alfa, including all requested data and information from CVM to initiate their 
review of the genetically engineered chicken in accordance with Guidance for Industry #187.5  On 
June 23, 2015, Synageva transferred BLA 125561 to Alexion Pharmaceuticals Inc.  Receipt of a major 
amendment on September 2, 2015 triggered a 3 month review clock extension. 
 
2.2  Quality Review of Genetically Engineered Chickens, Egg Whites, Drug Substance and 

Drug Product  
 
Alexion’s genetically engineered (GE) chicken line produces recombinant human LAL (rhLAL) in its egg 
whites.  For regulatory purposes, the GE egg whites are considered to be the starting material for the 
bulk drug substance that is subsequently purified to produce the human drug product, sebelipase alfa.  
CVM regulations provide oversight of the production of the gene expression product in the egg, egg 
collection and initial processing up to the egg crack, while CDER regulations oversee production steps 
from the egg crack through all subsequent egg white-related purification activities. CDER regulations 
also encompass review of the safety and effectiveness of the sebelipase alfa drug product.   
 
Regarding the GE chicken line and the rDNA product it produces, the applicant has met all relevant 
requirements regarding safety and effectiveness.  Briefly, CVM’s review found that:  
 

• the rDNA construct encodes the human LAL sequence and, as integrated in the GE chicken 
genome, is capable of expressing recombinant hLAL; 

• the rDNA construct is safe to the target animal; 
• other than for the GE trait intentionally introduced, the GE chickens are phenotypically similar 

to non-GE chickens;  
• the rDNA construct is stably integrated and inherited in a Mendelian fashion across multiple 

generations; 
• CVM is prepared to issue a finding of no significant impact (FONSI) on the environment 

because the animals and their potentially edible products will be sufficiently physically 
contained and disposed of by incineration so that there is no risk to the human environment 
of the U.S.; 

• biomonitoring inspections of the applicant’s animal facilities have found them to be 
acceptable; the animal husbandry, containment, personnel, and record keeping were 

                                                 
5 See Guidance for Industry: Regulation of Genetically Engineered Animals Containing Heritable Recombinant DNA Products, 
dated June 2015. 
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sufficient to ensure the safety and security of the GE animal and animal products (eggs, 
waste, etc.); 

• the applicant has provided assurances that the GE chickens will not enter the food supply; in 
the event of an inadvertent release, CVM has determined that it would have a low level6 of 
concern regarding food consumption risk, and has established an analytical method to 
determine if any chicken-derived product is from GE chickens; 

• the applicant has validated the claim that GE chicken egg whites contain rhLAL; and 
• a rigorous postmarketing record-keeping and reporting program has been developed. 

 
CDER’s quality review of the drug substance and drug product found that: 
 

• the manufacturing process of sebelipase alfa is well-controlled and leads to a product that is 
pure, potent, and stable under the proposed storage conditions; 

• there is sufficient testing to ensure batch-to-batch consistency of purity, potency, and 
stability; 

• the drug substance and drug product are free of known endogenous and adventitious 
infectious agents and meet the parameters recommended by the Agency; 

• there is sufficient virus testing to prevent egg whites with high viral load from entering the 
manufacturing process, and the manufacturing process provides adequate levels of 
inactivation or removal of viruses not detected by the initial viral testing.  

 
Substantial GMP violations were identified during an FDA inspection conducted , at 
the  drug product manufacturing (fill/finish) facility  that 
precluded an approval recommendation from the Office of Compliance and the Office of 
Pharmaceutical Quality by the PDUFA goal date of September 8, 2015.  Specifically, FDA found that 

 
 
 
 

 
  There is no 

other drug product manufacturing fill/finish site identified in the BLA.  
 
Alexion and  are working to address the GMP issues identified at  with the help of 
third parties.  Alexion is concurrently establishing additional filling sites to ensure long-term continuity 
of drug supply.  These additional sites include 1) a contract manufacturer  

where initial engineering runs will begin in , and 2) Alexion’s 
recently acquired fill/finish site in  which will come online in    
 
Alexion’s responses to FDA’s observations and requests regarding manufacturing operations at 

 and details of its manufacturing contingency plans, submitted on September 2, 2015, were 
considered a major amendment triggering a 3 month review clock extension. 
 
 

                                                 
6 For biopharm animals (i.e., GE animals that produce medical products) of species traditionally consumed as food, CVM 
determines food safety risk based on whether the concern level in the event that edible products derived from the animals 
enter the food supply is low, moderate, or high. 
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2.3  Rare Pediatric Disease Priority Review Voucher 
 
Alexion has been granted a rare pediatric disease priority review voucher (PRV), as provided under 
section 529 of the FDCA.  This PRV has been assigned a tracking number, PRV BLA 125561.  This 
voucher entitles the applicant to designate a single human drug application submitted under section 
505(b)(1) of the FDCA or a single biologic application submitted under section 351 of the Public Health 
Service Act as qualifying for a priority review.  Such an application would not have to meet any other 
requirements for a priority review.  
 
2.4  Advisory Committee Meeting 

 
The BLA for Kanuma (sebelipase alfa) was not referred to an FDA advisory committee because the 
safety profile is acceptable for the treatment of patients with a diagnosis of lysosomal acid lipase 
deficiency and the application did not raise significant safety or efficacy issues that were unexpected 
for a biologic drug of this class. 
 
2.5  Postmarketing Commitments to Address Quality and Microbiology Issues 

 
Alexion has agreed to conduct the following postmarketing studies: 
 
Drug Substance Quality Microbiology 
 
1. Increase the bioburden test volume for  

 samples to improve the sensitivity of the bioburden tests. 
In addition, provide bioburden qualification data for all in-process and drug substance 
samples from a total of three lots. 
 

2. Provide endotoxin qualification data for the in-process drug substance samples from a 
total of three lots. 

 
3.   Improve the endotoxin method for the  samples by optimizing 

the endotoxin test procedures. 
 

4.  Develop and validate a reliable endotoxin test for the unformulated drug substance 
sample.  In addition, validate the  and drug substance 
endotoxin test using the modified endotoxin method involving the use of  sample 
preparation system.  Provide the validation information and data. 

 
Drug Product Quality Microbiology 
 
1. 

 
2.  Validate the  

 
 If the 
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 is revised based on the validation study, update the BLA file 
accordingly. 

 
3.  The microbial retention study  

 
 

 
 

 
. 

 
4. Perform a study to confirm that the dye ingress test method used for drug product 

stability samples are capable of detecting small defects that could allow microbial ingress. 
The study should be performed with a range of small defect sizes ).  Revise 
the positive control defect size used for stability testing based on the results of the study 
and update the BLA file accordingly. 
 

5.  

6.  Conduct studies to understand the mechanism of endotoxin masking and/or interference 
in the drug product.  Explore alternative test methods and develop a more suitable in vitro 
test method for the drug product. 

 
Drug Substance Quality 
 
1. Characterize the potential levels of  in 

the drug substance. 
 

2. Develop and implement a drug substance release test to quantify the percent compositions of 
the N-terminal variants. 
 

3. To improve control of the N-linked glycan profile, identify for the current HPAEC-PAD 
method peaks representative of  

and establish drug substance release specifications for the 
critical peaks or groups of peaks.  Alternatively, develop an alternative method with better 
resolution to control the glycan profile, such as (but not limited to) the  
characterization tests. 
 

4. Conduct studies to improve the formulation to reduce or eliminate the potential for formation 
of visible proteinaceous particles and other insoluble protein aggregates.  If a significantly 
improved formulation is identified, develop the improved formulation for the commercial 
product. 
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Final Drug Product Quality 
 
1. Develop and implement an improved SDS-PAGE or another purity test to quantitate high 

molecular weight product-related species with greater sensitivity and precision than the 
current SDS-PAGE method. 
 

2. Implement the  test method for drug product release 
specifications. 
 

3. Implement an assay for uptake of sebelipase alfa into  for drug product release 
specifications. 
 

4. Develop and implement a receptor binding assay for drug product release 
specifications. 

 
5. Conduct studies to determine whether the  

eceptor binding assays are stability-
indicating.  Implement the stability-indicating assays into the drug product stability specifications 
with acceptance criteria supported by stability data. 

 
6. Improve the enzyme activity assay to increase the range of sebelipase alfa dilutions over which 

the assay will yield consistent values for specific activity. 
 
7. Evaluate and revise as warranted all release and stability specifications after manufacture of 

sufficient commercial batches for meaningful statistical analyses. 
 

8. Conduct worst-case simulated or worst-case real world shipping studies for both the drug 
substance and the drug product to assess the potential impact of shipping conditions on 
product quality. 
 

9. Characterize the potential of rhLAL to form oxidized variants and deamidated variants and 
determine whether variants identified are stability-indicating. Implement changes to the drug 
substance and drug product control strategies as warranted by the data. 
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