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1. Introduction 
This memorandum reviews the information submitted by the applicant, Protalix, in response to 
a Complete Response Letter issued by the Agency on February 24, 2011, for BLA 22-458, 
taliglucerase alfa (Elelyso), for the treatment of Type 1 Gaucher disease.  This review focuses 
on the deficiencies cited in the Complete Response Letter issued and the adequacy of the 
responses provided by the applicant regarding these deficiencies.  The Complete Response 
Letter noted deficiencies in the manufacturing facilities; product quality, including 
microbiology, and immunogenicity; clinical pharmacology; and clinical areas.  These 
deficiencies are briefly outlined below, and are fully reviewed in this document. 
 
During the first review cycle, the CMC reviewer uncovered numerous deficiencies in the 
application relating to the appropriate and well-controlled manufacturing of a pure and potent 
product.  These included deficiencies in product specifications and assay validation, 
comparability, process validation, and control of impurities.  Additionally, the product quality 
microbiology review also noted deficiencies that must be addressed before the application can 
be approved.  For a complete list of the 28 product quality and microbiology deficiencies 
identified in the first review cycle, the reader is referred to the Complete Response Letter 
issued to Protalix on February 24, 2011.    
 
In addition to product quality and manufacturing deficiencies, there were also several clinical, 
clinical pharmacology, and product quality immunogenicity deficiencies also noted after the 
first review cycle that were communicated in the Complete Response Letter.  These 
deficiencies included the validation of appropriate anti-drug IgG and neutralizing antibody 
assays, and the effect of immunogenicity on the safety, efficacy, PK, and PD in type 1 Gaucher 
patients treated with taliglucerase alfa.  Furthermore, there was insufficient evidence of safety 
and effectiveness of the product in patients who were switched from other enzyme 
replacement therapies for Gaucher disease, and insufficient longer-term safety data from 
controlled clinical trials to evaluate chronic immune-mediated adverse reactions and Gaucher-
related bone disease.   
 
During the first cycle review the clinical reviewer and statistical reviewer concluded that the 
clinical data reviewed had not provided sufficient evidence of effect because the applicant had 
not provided any direct comparison of effectiveness with other approved ERTs for Type 1 
Gaucher disease.  I disagreed with their recommendation that a trial directly comparing 
taliglucerase with other ERTs was required in the Complete Response.  However, I 
recommended that data from study PB-06-002 and PB-06-003 be carefully evaluated to assess 
the clinical outcome of patients switched from imiglucerase to taliglucerase alfa who have 
received treatment for at least 12 months.  These data may be sufficient to demonstrate the 
relative effectiveness of taliglucerase alfa compared to Cerezyme.  However, if these data are 
not sufficient to conclude that the efficacy and safety of taliglucerase alfa is similar to 
Cerezyme, then additional clinical studies may be required in the future (i.e., a post-approval 
study).   
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The current review focuses on the applicant’s responses to the deficiencies noted in the first 
review cycle.   The applicant has satisfactorily responded to all of CMC, product quality 
immunogenicity, product quality microbiology, clinical pharmacology, and clinical 
deficiencies noted in the Complete Response Letter.  This memorandum details the reviews of 
each of the disciplines in which the applicant provided responses.  All of the disciplines have 
recommended an approval action for taliglucerase alfa based on the satisfactory responses 
provided in the complete responses submission.  However, the review team has determined 
that the applicant has not developed an adequate assay to evaluate the development of 
neutralizing antibodies to taliglucerase alfa.  The development of neutralizing antibodies to the 
product may have an impact on known risks of allergic and immune reactions.  Additionally, 
the applicant has not developed an adequate assay to evaluate the presence of antibodies to 
plant sugars that may be present as part of a novel expression system (carrot cell) for the 
production of the product.  The impact of the development of antibodies to plant sugars on 
long-term safety and efficacy is not known, but include potential risks of development of 
immunogenicity to plant-specific sugars.   There are also extremely limited short and long-
term data on the safety and efficacy of taliglucerase alfa in pediatric Gaucher patients, 
(pregnancy and lactation), However, the interim safety data provided by the applicant from 
their pediatric study, PB-06-005, provided some reassurance that there were not substantive 
safety signals noted to date.  Nevertheless, in order to more fully characterize the safety of this 
product in pediatric Gaucher patients, data from the complete pediatric study must be 
submitted for review.  Additionally, long-term safety information to evaluate known risks of 
allergic and immune reactions as well as potential risks of development of immunogenicity to 
plant-specific sugars can be evaluated in registry studies that include the evaluation of children 
and pregnant and lactating women who receive treatment with taliglucerase.  Therefore, as a 
condition of approval, the applicant has agreed to 8 postmarketing requirement (PMR) studies:   
 

1. To develop a validated, sensitive, and accurate assay for the detection of neutralizing 
antibodies to ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 
2. To develop a validated, sensitive, and accurate assay for the assessment of cellular 

uptake inhibition by cell surface mannose receptor due to presence of neutralizing 
antibodies to ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 
3. To develop a validated, sensitive, and accurate assay for the detection of antibodies to 

plant sugar in ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 

Page 3 of 47 3

Reference ID: 3124582



Cross Discipline Team Leader Review 

4. To conduct an assessment of neutralizing anti-drug antibody (ADA) response and 
presence of antibodies against plant-specific sugars in ELELYSO in patient plasma 
samples. Validated assays (developed under PMR 1, PMR 2 and PMR 3) capable of 
sensitively detecting neutralizing ADA responses and antibodies to plant-specific 
sugars that are expected to be present at the time of patient sampling will be used. The 
neutralizing ADA response, cellular uptake inhibition and the presence of plant-
specific sugar antibodies will be evaluated in all archived sampling time points 
available from all patients in Phase 3 trials (PB-06-001, PB-06-002, PB-06-003, and 
PB-06-005).  Analysis will evaluate immunogenicity rates and individual patient titers 
to assess the impact of neutralizing antibody levels, cellular uptake inhibition, and 
plant-specific sugar antibody levels on parameters of safety as well as on the 
pharmacokinetics (PK), pharmacodynamics (PD), and efficacy of ELELYSO where 
data are available.   

 
5. To evaluate the long-term safety and efficacy data in a registry of patients being treated 

with taliglucerase.  Detailed clinical status information will be collected at study entry 
and on an annual basis for at least 10 years.  An interim study report will be submitted 
after completion of the first 5 years of the study.   

 
6. To evaluate the effect of taliglucerase on pregnancy and fetal outcomes and to collect 

detailed clinical status information on newborns and infants whose mothers are treated 
with taliglucerase during lactation.  This study may be completed as a sub-study within 
the registry (PMR-5).  An interim study report will be submitted after completion of 
the first 5 years of the study.   

 
7. To complete the ongoing trial PB-06-005, entitled “A Multicenter, Double-blind, 

Randomized Safety and Efficacy Study of Two Dose Levels of Taliglucerase Alfa in 
Pediatric Subjects with Gaucher Disease”.  This study will obtain safety, PK, PD, and 
additional efficacy data in pediatric patients with Gaucher disease.  The trial was 
initiated in the U.S. on October, 2010.   

 
8. To complete the ongoing trial PB-06-002, entitled “A Multicenter, Open-label, 

Switchover Trial to Assess the Safety and Efficacy of Taliglucerase alfa in Patients 
with Gaucher Disease Treated with Imiglucerase (Cerezyme®) Enzyme Replacement 
Therapy.” This study will obtain safety and efficacy data in adult and pediatric patients 
with type 1 Gaucher disease. The trial was initiated in the U.S. on April, 2009. 

 
Additionally, the applicant did not perform a head-to-head comparison between taliglucerase 
and other approved ERTs for Gaucher disease.  Therefore, it is not possible to draw clear 
conclusions about the relative effectiveness of taliglucerase alfa in the treatment of Gaucher 
disease compared to other approved ERTs. Therefore, information evaluating the longer-term 
efficacy data from treatment with taliglucerase compared to data available for longer-term 
treatment with other approved ERTs should be reviewed as a post-marketing commitment 
study.  The CMC PMC studies were negotiated to further characterize and revise the 
taliglucerase production processes after additional evaluations are performed.  These studies 
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will promote improved product quality, but were not assessed as critical to the approval of 
taliglucerase.  The following 5 PMC studies (1 clinical, four CMC) are listed below: 
 
 

1. To provide a detailed analysis of the taliglucerase alfa safety and effectiveness for 36 
months obtained in the clinical development program compared with data available for 
the same length of treatment for other approved ERT for Gaucher disease. 

 
2. To revise the cellular uptake potency assay release and stability acceptance criteria 

after 15 lots of drug product have been manufactured.  
 

3. To revise Experion automated electrophoresis release and stability acceptance criteria 
after 15 lots of drug product have been manufactured. 

 
4. To evaluate and revise as appropriate  the minimal percentage of specific uptake of 

reference standard as a system suitability criterion in the cellular uptake potency assay 
after at least 80 independent assay runs of release and stability testing of drug 
substance and drug product lots have been completed 

 
5. To perform a thorough biochemical characterization of the  

detected in the imaging capillary electrophoresis (iCE) assay and to evaluate the impact 
of this heterogeneity on product quality, including any effects on potency (specific 
uptake, enzyme kinetics, and cellular uptake).  The characterization should use 
additional analytical assays (e.g., peptide mapping and ) to confirm the 
identity of the characterized peaks.  Perform an assessment regarding the suitability 
and the implementation of the iCE method and other analytical assays as appropriate 
into your stability protocol. The results of these studies should guide the revision of the 
release and stability specifications after at least 30 lots of drug substance and at least 15 
lots of drug product have been manufactured. 

 

2. Background 

A. Clinical Background 

Gaucher disease is the most common lysosomal storage disease. The incidence of Gaucher 
disease varies based on ethnicity. The greatest incidence occurs in Ashkenazi Jews, with an 
estimated incidence of 1:450 to 1:1000. The estimated incidence in non-Jews ranges from 
1:20,000 to 1:57,000. Gaucher disease is a chronic multisystem disease resulting from 
deficient or absent activity of the lysosomal hydrolase glucocerbrosidase. Glucocerebrosidase 
is an enzyme responsible for the breakdown of glucocerebroside (glucosylceramide). 
Deficiency or absence of glucocerebrosidase results in the accumulation of glucosylceramide 
within lysosomes predominately in monocyte-derived macrophages which are most commonly 
found in spleen, lymph nodes, liver (Kupffer cells), bone marrow, and to a lesser degree in 
lung, resulting in the clinical consequences of Gaucher disease. Patients with Gaucher disease 
typically develop hepatosplenomegaly. Hepatic synthetic function is generally preserved, but 
splenomegaly generally results in anemia and thrombocytopenia due to splenic sequestration. 
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Bone involvement is caused by accumulation of glucosylceramide in bone marrow 
macrophages and results in decreased osteoblast activity leading osteopenia, and pathologic 
fractures. Avascular necrosis, bone infarcts, and abnormal bone remodeling can also lead to 
bone pain crises in Gaucher patients. Pulmonary complications, including interstitial fibrosis 
are uncommon, but can occur. Gaucher disease is clinically divided into three distinct 
subtypes, although, there is some overlap in these subtypes; Type 1 disease, or 
nonneuronopathic disease; Type 2 or acute neuronopathic disease, and Type 3, or sub-acute 
neuronopathic disease. Neuronopathic disease is caused by accumulation of glucocerebroside 
within neurons can also lead to accumulation of glucosylsphingosine, a lysosphingolipid 
derivative. Glucosylsphingosine is toxic to neurons, although this may not be the only 
mechanism that produces neuronopathic disease. 
 
There are several treatments available for targeting specific therapeutic paths. Enzyme 
replacement therapies (ERTs) have been developed to replace the deficient enzyme with 
exogenous glucocerebrosidase. The first ERT approved was Ceredase (alglucerase) (Genzyme, 
1991, NDA 20-057). Ceredase is glucocerebrosidase derived from human placenta. 
Subsequently, Cerezyme (imiglucerase), a synthetic enzyme produced in Chinese Hamster 
Ovary (CHO) cells (Genzyme, NDA 20-367) was approved in the U.S. in 1994. Ceredase is 
still available in the U.S., but its use is negligible. Velaglucerase (Shire, NDA 22-575) was 
approved in February 2010, and is also a synthetic form of glucocerebrosidase that is produced 
in CHO cells. 
 
Other specific therapeutic strategies include substrate reduction therapy, gene therapy, and 
bone marrow transplantation. Substrate reduction therapy, or perhaps, more accurately, 
substrate synthesis inhibition is an approach that aims to reduce the accumulation of toxic 
substrates. Zavesca (miglustat) (Actelion Pharmaceuticals, NDA 21-348) was approved in the 
U.S. in 2003. However, substrate synthesis inhibition therapy with Zavesca is indicated only 
for patients for whom enzyme replacement therapy is not a therapeutic option (e.g., due to 
constraints such as allergy, hypersensitivity, or poor venous access). Bone marrow 
transplantation has been shown to “cure” Gaucher disease but the high mortality and morbidity 
of the procedure preclude its use and is rarely performed now. Finally, gene therapy is 
currently being evaluated, but there are currently no approved gene therapies approved in the 
U.S. However, if gene therapy proves successful, this treatment strategy may prove to be 
curative. 

B. Regulatory Background 

The reader is referred to the first cycle CDTL memo by L. Yao, dated February 24, 2012 for 
complete details of the regulatory history of taliglucerase alfa.  During this review cycle, there 
were not substantive regulatory issues that arose.  The Agency convened a Type A meeting 
with the applicant on May 3, 2011, to discuss information that should be submitted in the 
Complete Response.  During this meeting it was agreed that interim data from PB-06-002 
could be submitted because 25/26 adult patients had already completed the study.  Only two 
had not completed the study, but these patients were pediatric patients, and included in the 
study based on a commitment with the applicant with PDCO/EMA in a Pediatric 
Investigational Plan. 
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 Inadequate information to assess the effect of switching to  on the glycan 
profile for the drug product.   

 Inadequate process validation for the drug product. 
 Inadequate acceptance criteria for moisture content for the drug product. 
 Inadequate stability testing for the drug product. 
 Inadequate testing for plant specific viruses in the master cell bank. 
 Inadequate description of the process for manufacturing of clinical trial material, and 

time limits for individual manufacturing steps. 
 Inadequate release testing and characterization of drug substance and drug product. 

 
These deficiencies were communicated to the applicant in the Complete Response Letter. 
 
Current Review 
The reader is referred to the Product Quality Review by R. Ledwidge, dated March 29, 2012 
and the Product Quality Executive Summary by G. Johnson, dated March 30, 2012 for 
complete information. 
 
The reviewer evaluated the applicant’s responses to all of the deficiencies noted above.  The 
reviewer noted that all of the deficiencies relating to comparability, control of impurities, and 
process validation were adequately addressed.  Additionally, test methods and specifications 
for identity, impurity and potency assays were revised and found to be acceptable.  However, 
the reviewer noted that specific criteria for system suitability of the cellular uptake assay were 
not sufficiently specific.  The reviewer also noted that release and stability acceptance criteria 
the cellular uptake potency assay that the Experion automated electrophoresis release and 
stability acceptance criteria should be revised.  Additionally, the reviewer also noted that the 
applicant had not provided adequate data to evaluate the impact of heterogeneity of product 
quality based on the imaging capillary electrophoresis (iCE) assay.  However, the reviewer 
recommended that these issues precluded approval of the product, and could be resolved post-
approval.  Therefore, the reviewer recommended 4 post-marketing commitment studies: 
 

1. To revise the cellular uptake potency assay release and stability acceptance criteria 
after 15 lots of drug product have been manufactured.  

 
2. To revise Experion automated electrophoresis release and stability acceptance criteria 

after 15 lots of drug product have been manufactured. 
 

3. To evaluate and revise as appropriate  the minimal percentage of specific uptake of 
reference standard as a system suitability criterion in the cellular uptake potency assay 
after at least 80 independent assay runs of release and stability testing of drug 
substance and drug product lots have been completed 

 
4. To perform a thorough biochemical characterization of the  

detected in the imaging capillary electrophoresis (iCE) assay and to evaluate the impact 
of this heterogeneity on product quality, including any effects on potency (specific 
uptake, enzyme kinetics, and cellular uptake).  The characterization should use 
additional analytical assays (e.g., peptide mapping and ) to confirm the 
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validation of this assay should be required to fully assess the immunogenicity of taliglucerase 
alfa.  Based on these findings, several deficiencies were included in the Complete Response 
Letter as follows: 
 

1. The concentration of rabbit anti-taliglucerase alfa IgG antibodies ) that you 
used for the positive control-1 (PC-1) for the anti-product IgG assay quality assessment 
(binding assay) was high.  The agency recognizes that the limit of detection may be 
different due to affinity differences of the antibodies in the assay.  However, in order to 
ensure reliable performance of the assay, a lower concentration for the positive control 
that will produce a signal close to the established cut-point of the assay should also be 
used.  Confirm that your assay contains a low concentration positive control that can 
reproducibly produce a response closer to the established cut-point of your assay. 

 

2. You set the cut-point at  for the immunodepletion assay to confirm the antibody 
status of patients.  The agency recommends that the confirmatory cut-point be set 
based on assay precision.  Re-establish the immunodepletion assay cut-point based on 
assay precision using serum from healthy human subjects and from treatment-naïve 
patients, if available. 

 
3. In your drug tolerance study, you used control antibodies at a concentration of  

 to assess drug tolerance.  Your assay is insufficient to address drug tolerance at 
low concentrations of anti-product antibodies.  Repeat your drug tolerance study in the 
presence of low concentrations of control antibodies.  

 
4. Develop appropriate quality controls in the neutralizing antibody assay and establish 

acceptance criteria based on these controls. 
 
5. The specificity assessment should be designed to show that the drug product 

specifically binds to the antibodies induced by the product in human serum in the 
presence of exogenously added interfering molecules of similar size and charge (e.g., 
inclusion of IgG in IgE assay development). 

 
6. We recognize that an alternative control for the anti-product IgE antibody assay may be 

required if a human positive control is not available, and that the detection limit may 
vary depending on antibody affinity.  However, an estimation of assay sensitivity 
expressed in mass units is necessary to ensure assay suitability and performance for the 
intended purpose.  Determine assay sensitivity and report the results. 

 
Current Review Cycle 
The reader is referred to the Product Quality Immunogenicity Review by F. Sheikh dated 
December 23, 2011 for complete information. 
 
The immunogenicity reviewer evaluated the applicant’s responses to all of the deficiencies 
noted above.  The reviewer concluded that an acceptable confirmatory cut-point for the 
immunodepletion assay.  However, the reviewer noted that some of the patients who 
developed antibodies may have developed antibodies to plant sugars found on the enzyme 
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rather than to antibodies to the enzyme product itself.  This finding was based on the 
observation that healthy subjects who were naïve to taliglucerase also appeared to have pre-
existing antibodies that bid to taliglucerase.  Therefore, the reviewer recommended that the 
applicant develop an antibody assay for the detection of plant sugars found on taliglucerase.  
Finally, the reviewer evaluated data for both neutralizing antibody assays and concluded that 
the sensitivity for neutralizing antibody assays for both enzyme activity and cellular uptake 
were not acceptable.   Based on the findings of the reviewer, there were no deficiencies noted 
that would preclude approval.  However, the reviewer recommended several postmarketing 
requirement studies as follows:    
 

1. To develop a validated, sensitive, and accurate assay for the detection of neutralizing 
antibodies to ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 
2. To develop a validated, sensitive, and accurate assay for the assessment of cellular 

uptake inhibition by cell surface mannose receptor due to presence of neutralizing 
antibodies to ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 
3. To develop a validated, sensitive, and accurate assay for the detection of antibodies to 

plant sugar in ELELYSO that is expected to be present in the serum at the time of 
patient sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters not 
assessed in the validation exercise, and the assay SOP will be provided to FDA. 

 
4. To conduct an assessment of neutralizing anti-drug antibody (ADA) response and 

presence of antibodies against plant-specific sugars in ELELYSO in patient plasma 
samples. Validated assays (developed under PMR 1, PMR 2 and PMR 3) capable of 
sensitively detecting neutralizing ADA responses and antibodies to plant-specific 
sugars that are expected to be present at the time of patient sampling will be used. The 
neutralizing ADA response, cellular uptake inhibition and the presence of plant-
specific sugar antibodies will be evaluated in all archived sampling time points 
available from all patients in Phase 3 trials (PB-06-001, PB-06-002, PB-06-003, and 
PB-06-005).  Analysis will evaluate immunogenicity rates and individual patient titers 
to assess the impact of neutralizing antibody levels, cellular uptake inhibition, and 
plant-specific sugar antibody levels on parameters of safety as well as on the 
pharmacokinetics (PK), pharmacodynamics (PD), and efficacy of ELELYSO where 
data are available.   

 
Product Quality Microbiology 
The reader is referred to the first cycle Product Quality Microbiology Consult Review by V. 
Pawar, dated February 10, 2011 for complete information. 
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4. Nonclinical Pharmacology/Toxicology 
 
The reader is referred to the Pharmacology/Toxicology Review by T. Chakraborti, dated 
December 3, 2010 for complete information. 
 
First cycle review 
The nonclinical reviewer concluded that the nonclinical program for taliglucerase alfa was 
adequate that that there were no significant safety concerns uncovered in the nonclinical 
program.  Additionally, there are no outstanding nonclinical studies that need to be addressed.   
 
Current Review 
There were no nonclinical issues cited in the Complete Response Letter.  Therefore, a 
nonclinical reviewer was not performed as part of this review cycle.  However, the nonclinical 
reviewer also provided recommendations for specific sections of product labeling (i.e., section 
8.1 Pregnancy, section 8.3 Nursing Mothers, and section 13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility).   

 

5. Clinical Pharmacology/Biopharmaceutics  
 
First cycle review 
The reader is referred to the Clinical Pharmacology review by I.J. Lee, dated January 13, 2011 
for complete information. 
 
PK parameters for taliglucerase were determined in Gaucher patients for 60U/kg and 30/kg.  
The reviewer noted that the PK parameters did not appear to be dose proportional based on the 
doses studied and that there appeared to be no significant exposure-response relationship based 
on the doses studied in PB-06-001 as both doses appeared to be effective in reducing spleen 
volume.  However, the effect of immunogenicity on PK and PD parameters could not be 
reviewed during the first review cycle because the formation of anti-taliglucerase alfa 
antibodies could not be adequately determined based on the review of the CMC 
immunogenicity reviewer (see section 3.C: immunogenicity, above).  Additionally, the effect 
of neutralizing antibodies to enzyme uptake could not be evaluated because the applicant has 
not yet developed an assay for this specific inhibitory antibody.  Information requests 
regarding the impact of immunogenicity on PK and efficacy of taliglucerase were conveyed to 
the applicant on November 23 and December 21, 2010.  However, there was insufficient time 
in during the current review cycle to adequately review during the first review cycle 
information.  Furthermore, a clear determination of the anti-taliglucerase antibody assay cut-
points has not been established.  Therefore, the effect of immunogenicity of PK parameters 
and efficacy cannot be determined until these assay cut-points have been established.  These 
deficiencies were communicated to the applicant in the Complete Responses Letter as follows:   
 

1. The immunogenic potential of taliglucerase alfa and its impact on the pharmacokinetic 
and pharmacodynamic (PK and PD) parameters cannot be adequately evaluated.   

Page 13 of 47 13

Reference ID: 3124582



Cross Discipline Team Leader Review 

a. Propose an acceptable confirmatory cut-point for your anti-product IgG 
antibody assay and submit a re-analysis of the impact on PK and PD parameters 
in patients treated with taliglucerase alfa.   

b. Develop an acceptable neutralizing antibody assay and submit a re-analysis of 
the impact on PK and PD parameters in patients treated with taliglucerase alfa. 

 
Current Review 
The reader is referred to the Clinical Pharmacology review by L. Fang, dated April 2, 2012, for 
complete information. 
 
The clinical pharmacology review includes detailed data on the PK parameters in healthy 
subjects and Gaucher patients, as well as exposure response relationships, and analysis of pK 
parameters based on gender and race.  All of these data were reviewed in the first review cycle 
and will not be discussed here.  However, the clinical pharmacology reviewer also concluded 
that no exposure response relationship could be determined because it appeared that both doses 
studied (60 U/kg and 30 U/kg were effective).  The reviewer also noted that because of poor 
performance of the assays used to measure PK parameters in the healthy subject study (P-01-
2005), the results of that study should be interpreted with caution.    
 
The effect of development of anti-drug antibodies (ADA) in patients treated with taliglucerase 
was reviewed.  After establishment of an acceptable cut-point for the confirmatory 
immunodepletion assay, the clinical pharmacology evaluated the impact of development of 
AD antibodies on PK parameters in patients from PB-06-001, PB-06-002, and PB-06-003.  
Seventeen patients (17/32, 53%) developed ADA titers post-treatment (defined as ADA 
positive at one or more post-treatment time points) based on ELISA assay in PB-06-001 
during the 9 month treatment period. Two additional patients were ADA positive before the 
first infusion; one discontinued from the study due to allergic reaction after receiving the first 
infusion and the other patient was noted to have continually increasing antibody titiers 
throughout the study. The reviewer noted that the immunogenicity incidence rate increased 
with dose: 40% (6/15) at 30 units/kg dose and 75% (12/16) at 60 units/kg dose.  In PB-06-002, 
5/28 patients developed ADA titers. One patient (Patient 23-206) was ADA-positive during 
the pre-switch screening and the remaining 4 patients became ADA-positive after the switch.  
Overall, the reviewer concluded that there appeared to be no significant impact on the PK 
parameters of taliglucerase alfa based on development of immunogenicity.   
 
In Study PB-06-001, 2/19 patients who were ADA-positive were also positive for neutralizing 
antibodies for enzymatic activity inhibition assay, but negative neutralizing antibodies to 
cellular uptake. In Study PB-06-002, only one of six patients who were ADA-positive was also 
positive for neutralizing antibodies to enzyme activity, but negative for antibodies to cellular 
uptake.  However, the clinical pharmacology reviewer noted that the product quality 
immunogenicity reviewer concluded that both of the neutralizing antibody assays were not 
sufficiently sensitive and were not acceptable (see section 3.C).  Therefore, data from these 
studies should be reviewed after the applicant has developed acceptable neutralizing antibody 
assays for taliglucerase. Based on the findings of the reviewer, there were no deficiencies 
noted that would preclude approval.  However, the clinical pharmacology reviewer 
recommended that a postmarketing requirement study be performed to further develop the 
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neutralizing antibody assays to achieve a greater sensitivity and to use the more sensitive 
assays for monitoring antibody responses and assessing the impact on PK, and PD in phase 3 
trials for taliglucerase alfa.   

 

6. Clinical Microbiology  
Clinical microbiology considerations do not apply to this Complete Responses submission 
because taliglucerase is not intended as an antimicrobial product. 
 

7. Clinical/Statistical- Efficacy 
 
First cycle review 
The data submitted to support the efficacy of taliglucerase alfa was contained in a single phase 
3 trial, PB-06-001.  Additional preliminary supportive efficacy data from two on-going studies 
were also submitted.  Study PB-06-002 is a multicenter, open-label, study in which stable 
Gaucher patients receiving imiglucerase (Cerezyme) were switched to taliglucerase alfa.  The 
applicant submitted preliminary data on six patients currently enrolled in this study.  Study 
PB-06-003 is an open-label extension study for patients previously enrolled in either study PB-
06-001 or PB-06-002.  However, the efficacy data from these two studies is insufficient to 
provide any real conclusions because of the limited number of patients with data provided by 
the applicant at the time of the submission.  Additionally, these studies are on-going and only 
interim data could be provided.  Therefore, the discussion of efficacy was limited in this 
review to results from study PB-06-001.  
 
The data from this single pivotal trial demonstrate that treatment with taliglucerase alfa 
produced a statistically significant and clinically meaningful decrease in spleen volume at 6 
and 9 months.  Additionally, improvements in important secondary endpoints including liver 
volume, and hemoglobin and platelet count were also demonstrated.  
 
Additionally, it should be noted that spleen and liver volume vary based on body weight.  
Therefore, spleen and liver volumes should be normalized based on patient body weight in 
order to accurately assess changes in organ volumes between patients.  The data originally 
reviewed for Study PB-06-001 were reanalyzed during this review cycle to include spleen and 
liver volume changes based on normalized for body weight.  These data are presented in Table 
1.   Additionally, evaluation of spleen and liver can also be expressed as multiples of normal 
(MN) to adjust for different body weights between patients.   
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Table 1:  Mean Change from Baseline to 9 months for Spleen and Liver Volume from PB-06-
001 (n=31) 
Clinical Parameter  30 Units/kg (N=15) 60 Units/kg (N=16)
Baseline Spleen Volume %BW Mean (SD)

MN Mean (SD) 
3.1 (1.5) 
15.4 (7.7) 

3.3 (2.7) 
16.6 (13.3) 

Change in Spleen Volume  %BW Mean (SD)
MN Mean (SD) 

-0.9 (0.4) 
-4.5 (2.1) 

-1.3 (1.1) 
-6.6 (5.4) 

    
Baseline Liver Volume %BW Mean (SD)

MN Mean (SD) 
4.2 
1.7 

3.8 
1.5 

Change in Liver Volume  %BW Mean (SD)
MN Mean (SD) 

-0.6 (0.5) 
-0.2 (0.2) 

-0.6 (0.4) 
-0.3 (0.2) 

Modified from review by C. Epps 
 
The magnitude of the treatment effect for decrease in spleen volume was similar to that of a 
recently approved ERT for Gaucher disease, velaglucerase.  Thus, despite the reliance on a 
single pivotal trial, the data demonstrate a clear and robust treatment effect that would not have 
been expected to occur without treatment.  In the Guidance for Industry, “Providing clinical 
Evidence of Effectiveness for Human Drug and Biological Products,” specific 
recommendations regarding the quality and quantity of evidence required to substantiate 
effectiveness of a product based on a single pivotal trial are discussed.  These factors include 
consistency across study subsets, multiple endpoints involving different events that all 
demonstrate a statistically persuasive effects, and statistically very persuasive findings in the 
primary endpoint that would be highly inconsistent with the null hypothesis.  All of these 
factors have been demonstrated in support of the efficacy of taliglucerase alfa based on the 
single pivotal trial, PB-06-001.  However, the first cycle clinical review by C. Epps noted two 
recent publications that suggest that clinical parameters of Gaucher disease remained stable or 
did not deteriorate precipitously up to 6 months after treatment withdrawal.1,2  In the earlier 
survey, some patients were clinically stable after more than two years without ERT treatment.  
These data suggest that a trial to evaluate the relative efficacy of taliglucerase in patients 
switched from other ERTs include data for at least 6-12 months.  Additionally, in the approval 
for velaglucerase, the clinical reviewer noted that a head-to-head trial was conducted 
comparing efficacy and safety of velaglucerase compared to imiglucerase in a trial lasting 12 
months.   
 
Additionally, the effect of immunogenicity on efficacy could not be fully evaluated during the 
first review cycle because the criteria used by the applicant to define patients with anti-
taliglucerase IgG antibodies were unacceptable.  Furthermore, development of neutralizing 
antibodies to enzyme uptake is a major mechanism by which efficacy can be affected in ERTs. 
The applicant has not yet developed a validated assay to measure the development of 
neutralizing antibodies for enzyme uptake for taliglucerase.  Thus, two clinical deficiencies 

                                                 
1 Elstein D, Abrahamov A et al, Withdrawal of enzyme replacement therapy in Gaucher’s disease, Br. J 
Haematol 2000; 110(2):488-492. 
2 Zimran A, Altarescu G, Elstein D, Nonprecipitous changes upon withdrawal from imiglucerase for gaucher 
disease because of a shortage in supply, Blood Cells Mol Dis 2011: 46 (1):111-114. 

Page 16 of 47 16

Reference ID: 3124582



Cross Discipline Team Leader Review 

were communicated to the applicant in the Complete Response Letter, dated February 24, 
2011: 
 

1. There are insufficient data provided to assess the efficacy and safety of taliglucerase 
alfa in patients switched from other enzyme replacement therapies.  Submit the final 
study report from PB-06-002, and a minimum of 12 months of efficacy and safety data 
from PB-06-003 for patients switched from other enzyme replacement therapies to 
taliglucerase alfa. 

   
2. Longer-term safety data were insufficient to evaluate the chronic immune-mediated 

adverse events that are typically associated with enzyme replacement therapies, and 
Gaucher disease-specific bone events.  In your resubmission, provide additional long-
term safety data from PB-06-003.   

 
As noted in above, in order to address these clinical deficiencies, it was recommended that 
data from study PB-06-002 and PB-06-003 be carefully evaluated to assess the clinical 
outcome of patients switched from imiglucerase to taliglucerase alfa who have received 
treatment for at least 12 months.  These data may be sufficient to demonstrate the relative 
effectiveness of taliglucerase alfa compared to imiglucerase.  It was also noted in the first 
cycle review that if these data are not sufficient to conclude that the efficacy and safety of 
taliglucerase alfa is similar to Cerezyme, then additional clinical studies, including a head-to-
head trial evaluating taliglucerase to other approved ERTs for type 1 Gaucher disease may be 
required in the future.  It should be noted that the clinical and statistical reviewers 
recommended that a head-to-head trial should be conducted prior to approval.  Additionally, a 
re-analysis of information regarding the immunogenicity of the product and its effect on 
efficacy and safety must also be included in a Complete Responses submission.  
 
Current Review 
The reader is referred to the Clinical Review by C. Epps, dated April 30, 2012; and the 
Statistical Review by B. Vali, dated March 5, 2012, or complete information. 
 
The clinical and statistical reviews focused on the evaluation of data submitted in the 
Complete Response, including a review of PB-06-002 and interim data from PB-06-003.  In 
addition, interim safety data from a compassionate use study (PB-06-004) and a pediatric 
study (PB-06-005) were provided and will be reviewed in Section 8.  No efficacy data from 
the compassionate use study or the pediatric study were provided in this submission. 
 
Study PB-06-002 
The study was multicenter, multinational, open-label study in 28 patients with type 1 Gaucher 
disease currently receiving imiglucerase who were switched to treatment with taliglucerase.  
Data included in this submission do not include data on all 28 patients enrolled and interim 
data were provided to a cutoff date of May 1, 2011.  The applicant notes that 25/28 patients 
had completed the 9-month study at the time of this cutoff date.  
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Eligibility, treatment and assessments 
Enrollment was limited to patients 2 years of age and older with the confirmed diagnosis of 
type 1 Gaucher disease who had received at least 2 years of treatment with imiglucerase.  
Patients were required to have “stable” disease as defined by hemoglobin level, platelet count, 
spleen and liver size, and other clinical criteria.  The reader is referred to the clinical review 
for specific parameters of disease stability.  Additionally, patients were to be on a stable 
maintenance regimen of imiglucerase for 6 months prior to enrollment in this study.  It should 
be noted that some patients were allowed to be enrolled in the study if the dose of imiglucerase 
was changed due to a drug shortage of imiglucerase. 
 
All patients received that same dose of taliglucerase compared to their previous imiglucerase 
dose in an open-label, unblinded fashion.  Dosing regimen was also the same as for 
imiglucerase; patients received taliglucerase as a 2 hour intravenous infusion every two weeks 
for nine months. 
 
Endpoints 
The clinical endpoints in this uncontrolled study included evaluation for clinical deterioration 
in platelet count, hemoglobin, spleen volume, and liver volume at 9 months compared to mean 
baseline values obtained during a 3 month “stability evaluation” period at the beginning of the 
study.  Clinical deterioration was defined as follows:   
 Platelet counts – a decrease of >20% from the mean of six stability evaluation period 

values of ≤120,000 or a decrease of >40% from the mean of six stability evaluation 
period values of >120,000 were considered a clinically relevant deterioration. 

 Hemoglobin – a decrease of >20% from the mean of six stability evaluation period values 
was considered a clinically relevant deterioration 

 Spleen volume – a 20% increase in spleen volume by MRI from Baseline to Month 9 (or 
the time of premature withdrawal) was considered a clinically relevant deterioration 

 Liver volume – a 10% increase in liver volume by MRI from Baseline to Month 9 (or the 
time of premature withdrawal) was considered a clinically relevant deterioration 

 
Additional endpoints included chitotriosidase and PARC/CCL18, two Gaucher disease-related 
biomarkers.  Exploratory endpoints for patients less than 18 years of age included change in 
growth and development, Tanner staging, and bone age. 
 
Results 
As stated above, the applicant provided an interim study report that included 25/28 patients 
enrolled in PB-06-002 who completed the study.  These 25 patients constituted all of the adult 
patients who completed the study; two pediatric patients enrolled in the study had not yet 
completed the study and one adult patient withdrew due to an allergic reaction related to 
treatment (see Section 8).  It should be noted that the Complete Response Letter stated that a 
complete study report for PB-06-002 should be submitted.  However, the division agreed with 
the applicant that complete efficacy data for all adult patients who completed the study would 
be sufficient for the Complete Response submission.  Thus, the applicant provided complete 
data on all adult patients in the submission. 
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The applicant provided demographic data analyses for 28/30 patients enrolled in the study who 
comprised the intent-to-treat population, defined as patients who received at least one dose of 
medication.  Two patients withdrew from the study before receiving any treatment with 
taliglucerase alfa.   Mean age of patients enrolled in the study was 44.7 years (range 13-66 
years).  All patients were Caucasian.  There was a slight preponderance of female patients 
enrolled in the study (54% female vs. 45% male).  These mean age for patients in this study 
differs slightly from patients enrolled in PB-06-001 (mean age = 36.1 years, and reviewed 
during the first review cycle).  The applicant and clinical reviewer agree that this slight 
increase in age in this study compared to PB-06-001 is likely related to the difference in 
patient population between the two studies; patients in PB-06-001 were all treatment naïve, 
while patients in PB-06-002 were all receiving ERT for at least 2 years prior to study 
enrollment.  Thus, it would be expected that patients enrolled in PB-06-002 would be slightly 
older. 
 
Clinical parameters (spleen volume, liver volume, hemoglobin, and platelet count) were 
measured for all patients at baseline and at 9 months.  It should be noted that baseline values 
for hemoglobin and platelet count were averaged during the stability evaluation period in order 
to obtain a mean baseline level for comparison.  The statistical reviewer noted that not all of 
these stability evaluation period values were obtained at the same time points within this 3 
month period and therefore, reporting of separate values would be ideal.  However, use of 
descriptive statistics (i.e., mean/median, minimum and maximum) to describe the data in this 
small dataset was reasonable. 
 
Table 2:  Mean (±SD) Values for Clinical Parameters in Study PB-06-002 

 Baseline 
 

Month 9 
 

Change from 
Baseline 

% Change 
from baseline 

Spleen volume (n=20) 
(range) 

822 ml (±604) 
(14-2151) 

749 ml (±560) 
(14-2141) 

-73 ml 
(-334-175.4) 

-7.6 % 
(-33.2-21.6) 

     
Liver volume (n=23) 
(range) 

1857 ml (±440) 
(1167-2658) 

1786 ml (±424) 
(1276-2604) 

-71 ml 
-437-473) 

-3.5 % 
(-16.4-22.2) 

     
Hemoglobin (n=25) 
(range) 

13.6 g/dL (±1.6) 
(10.7-16.1) 

13.3 g/dL(±1.6) 
(10.3-15.7) 

-0.3 g/dL (±0.7) 
(-1.3-1.0) 

-1.8 % (±4.9) 
(-10.2-7.4) 

     
Platelet count (n=25) 
(range) 

160 K/mm3 (±79) 
(37.8-310) 

158 K/mm3 (±87) 
(37-361) 

-3 K/mm3(±30) 
(-89-560) 

-1.5 % (±22) 
(-36-69) 

Modified from review by C. Epps 
 
Overall, there was general stability in spleen volume, liver volume, hemoglobin and platelet 
count from baseline to 9 months of treatment in patients switched from imiglucerase to 
taliglucerase (see Table 2).  As the clinical reviewer noted, small variations within the normal 
range as was the case for mean hemoglobin and platelet count would not be concerning, as the 
clinical relevance of small changes within the normal range can occur normally.  Spleen 
volume and liver volume appeared to decrease over time, suggesting a persistent treatment 
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effect of taliglucerase on the mean baseline values for these parameters were abnormal and 
demonstrated improvement at 9 months.   
 
Additionally, the applicant incorporated a “nonresponder analysis” to describe patients who 
developed clinically relevant deterioration at the end of 9 months of treatment.  These 
parameters are described above.  One patient developed clinically relevant deterioration in 
liver volume and one patient developed clinically relevant deterioration in spleen volume.  
Two patients developed clinically relevant deterioration in platelet count and no patients 
developed clinically relevant deterioration in hemoglobin levels.  Overall these findings 
suggest that few patients clinically deteriorated after switching from imiglucerase to 
taliglucerase and that most patients generally maintained stable disease parameters during the 
9 month treatment period.  However, there was no control arm in patients who were 
maintained on treatment with imiglucerase; therefore, it is unclear whether these changes 
would be different compared to patients maintained on imiglucerase.  It should also be noted 
that the definition of clinical deterioration for these parameters represent large changes and 
that there was no formal agreement on a margin (M1) to assess non-inferiority.  As noted 
above, the applicant included a definition of platelet count considered normal of >120K/mm3, 
whereas others have defined a normal platelet count of >150 K/mm3.  Nevertheless, the 
number of patients with clinical deterioration based on the applicant definition was low.    
 
While these data suggest that there were not substantive differences in clinical parameters after 
patients who were receiving imiglucerase were treated with taliglucerase, these data are open-
label and uncontrolled.  Therefore, these data may be subject to systemic bias the results of the 
study difficult to clearly interpret.  A randomized, blinded, active-controlled in type 1 Gaucher 
patients would decrease the likelihood that these results were affected by systemic biases.  
However, it is somewhat reassuring that all of the parameters evaluated had similar trends and 
that there the mean and median values (not presented here) were similar suggesting that there 
were no specific outliers that could have driven the efficacy results.  However, as noted by the 
primary reviewer, several publications have suggested that deterioration in patients who 
stopped treatment with ERT did not appear to worsen until 12 months.  Therefore, it is not 
surprising that patients remained stable.  Thus, longer-term evaluation of patients switched 
from other ERT to taliglucerase should be evaluated to ensure that the efficacy is maintained 
with this product.  
 
Effect of Immunogenicity on Efficacy 
An important consideration with all enzyme replacement therapies for lysosomal storage 
diseases is the development of immune responses to the infused enzyme replacement therapy.  
These immune responses can be associated with the development of allergic and immune-
mediated reactions as well as altered effectiveness of treatment.  As noted above, the applicant 
failed to identify an acceptable cut-point used in the confirmatory immunodepletion assay 
during the first review cycle.  Additionally, the applicant did not complete development and 
validation of an assay for neutralizing antibodies for enzyme uptake during the first review 
cycle.  Therefore an analysis of the effect of immunogenicity on effectiveness in PB-06-001 
could not be performed during the first review cycle.   
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However, the reviewer also noted that the immunogenicity rates were higher for taliglucerase 
in this study (18%) is much lower than the immunogenicity rate determined for PB-06-001 
(56%; data provided below).  It is not surprising that patients who have been stable on 
imiglucerase represent a population that is less likely to develop immunogenicity.  Indeed, it 
remains concerning that 18% of patients who had previously been ADA-negative on 
imiglucerase became ADA-positive after receiving taliglucerase.  Furthermore, these 
immunogenicity rates are higher than immunogenicity rates for imiglucerase (15%) and 
velaglucerase (2%).  However, cross product generalizations regarding relative 
immunogenicity cannot be made because of differences in antibody assays for different 
products preclude the ability to compare across products.   
 
Conclusions for Study PB-06-002 
The interim results from the PB-06-002 study suggest that all evaluated clinical parameters 
remain stable in patients switched from imiglucerase to taliglucerase over a 9 month period.  
However, the ability to draw clear conclusions are severely limited by the open-label, 
uncontrolled nature of the study.  I agree with the statistical and clinical reviewer that a study 
designed as a double-blind, randomized trial would yield results that would provide stronger 
supported evidence for efficacy.    
 
 
Study PB-06-003 
The study was multicenter, multinational, open-label extension study in 44 adult patients with 
type 1 Gaucher disease who were previously treated in studies PB-06-001 (reviewed during 
the last review cycle) and PB-06-002 (reviewed above).  PB-06-001 was a multicenter, 
randomized, double-blind, parallel-dose study of 33 adult patients with type 1 Gaucher 
disease, and PB-06-002 was multicenter, multinational, open-label study in 28 patients with 
type 1 Gaucher disease currently receiving imiglucerase who were switched to treatment with 
taliglucerase.  Data for PB-06-003 include 26/29 patients who completed PB-06-001 and18/25 
patients who completed study PB-06-002.  The applicant notes that 44 patients had enrolled in 
this at the time of the May 1, 2011 cutoff date.  
 
Eligibility, treatment and assessments 
Enrollment was limited to patients who had completed treatment in either PB-06-001 or PB-
06-002.  Patients were stratified into three treatment groups based on the treatment received in 
during treatment in the initial study (either PB-06-001 or PB-06-002).   Thus, there were three 
treatment groups in the study:  12 patients who received 30U/kg in PB-06-001; 14 patients 
who received 60U/kg in PB-06-001; and 18 patients receiving doses based on treatment in PB-
06-002 (range 11U/kg to 60 U/kg).   All patients received taliglucerase as a 2 hour intravenous 
infusion every two weeks.  Total length of treatment in this study would be at least 15 months 
and extended up to 30 months (based on the availability of commercial treatment).  The 
applicant defined the first day of PB-06-003 as the last day of treatment under PB-06-001 or 
PB-06-002.  It should be noted that the applicant states that patients enrolled in this study from 
PB-06-001 remained blinded to their original treatment assignment.  However, the applicant 
also states that patients could have doses increased to a maximum of 60U/kg of clinically 
indicated.  Therefore, it appears that patients and investigators could be unblinded to the 
original treatment assignment.  The clinical reviewer noted that three patients were unblinded 
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Data in 44 patients enrolled in PB06-003 treated with taliglucerase at 9 months, 12 months, 
and 24 months are presented for spleen volume, liver volume, hemoglobin concentration, and 
platelet count in the tables X-X.  Overall, the data show consistent trends in favor of a 
persistent treatment effect in patients treated for at least 12 months from both studies.  There 
was only one patient with data at 24 months from PB-06-002; therefore, effects of treatment at 
24 months are based sole on patients treated from PB-06-001.   
 
At 12 and 24 months, mean and median spleen volume in patients from PB-06-001 continues 
to show modest improvements (see Table 6).  This is true for both 30U/kg and 60U/kg 
treatment groups.  It should be noted that decrease in spleen volume for the 60 U/kg (-55%) 
treatment group appears to be improved compared to the 30 U/kg treatment group (-41%) at 24 
months, but there are too few patients to clearly conclude that a dose-response relationship 
exists.  Nevertheless, both groups demonstrate consistent improvements in mean spleen 
volume from baseline at all time points.  It should also be noted that spleen and liver volume 
vary based on patient body weight and therefore, these measurements are generally normalized 
to body weight.  However, this was not done for this study by the applicant or the reviewers 
for PB-06-003.     
 
Table 6:  Spleen volume by Study Week PB-06-003 

Spleen Volume (ml) 

PB-06-001 
30 units/kg 

(N = 12) 

PB-06-001 
60 units/kg 

(N = 14) 

PB-06-002 
Total 

(N=18) 
Grand Total 

(N = 44) 

     
Baseline     
 n 12 14 15 41 
 Mean (SD) 2324 (1209) 2120 (1427) 778 (666) 1689 (1310) 
 Median 1657 1700 549 1482 
 Min, Max 1026, 4901 914, 5418 14, 2151 14, 5418 
     
Study Week 38/9-Month     
 n 12 14 15 41 
 Mean (SD) 1691 (956) 1352.0 (1097) 706.7 (609) 1215 (971) 
 Median 1226 1045 519 990 
 Min, Max 754, 3894 483, 4220 15, 2141 15, 4220 
     
Study Week 52/12-Month     
 n 12 14 8 34 
 Mean (SD) 1708 (1070) 1268 (1114) 807 (736) 1315 (1051) 
 Median 1135 937 686 947 
 Min, Max 693, 4332 442, 4339 14, 2178 14, 4339 
     
Study Week 104/24-Month     
 n 12 14 1 27 
 Mean (SD) 1420 (852) 947 (700) 2038* 1198 (798) 
 Median 1055 721 2038 926 
 Min, Max 503, 3317 368, 3013 2037.5, 2037.5 368, 3317 

Modified from statistical review by B. Vali 
 
Similarly, liver volume also appears to show consistent improvement compared to baseline at 
up to 24 months of treatment in both 30 U/kg and 60 U/kg treatment groups (see table 7).  
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Again, evaluation of patients from PB-06-002 was limited because there were so few patients 
with evaluable data at the 12 and 24 month time points. 
 
Table 7:  Liver volume by Study Week PB-06-003 

Liver Volume (mL) 

PB-06-001 
30 units/kg 

(N = 12) 

PB-06-001 
60 units/kg 

(N = 14) 

PB-06-002 
Total 

(N=18) 
Grand Total 

(N = 44) 

     
Baseline[1]     
 n 12 14 16 42 
 Mean (SD) 2999.7 (779.45) 2470.5 (484.9) 1775.7 (434.39) 2357.0 (750.83) 
 Median 2794.3 2440.1 1625.0 2327.7 
 Min, Max 2282, 5096 1758, 3297 1167, 2643 1167, 5096 
     
Study Week 38/9-
Month[2] 

   
 

 n 12 14 16 42 
 Mean (SD) 2584.5 (577.8) 2189.5 (390.87) 1737.3 (440.13) 2130.1 (575.11) 
 Median 2473.2 2094.7 1575.3 2094.7 
 Min, Max 2000, 4122 1654, 2894 1276, 2604 1276, 4122 
     
Study Week 52/12-Month     
 n 12 14 9 35 
 Mean (SD) 2515.6 (642.08) 2118.7 (318.09) 1718.7 (411.56) 2151.9 (555.62) 
 Median 2461.7 2157.1 1582.7 2097.0 
 Min, Max 1944, 4255 1678, 2600 1157, 2544 1157, 4255 
     
Study Week 104/24-
Month     
 n 12 14 1 27 
 Mean (SD) 2362.8 (518.68) 1998.2 (291.88) 1532.3 (0) 2143.0 (452.03) 
 Median 2321.8 2040.6 1532.3 2119.4 
 Min, Max 1729, 3558 1522, 2430 1532.3, 1532.3 1522, 3558 

Modified from statistical review by B. Vali 
 
 
Hemoglobin concentrations and platelet counts were also evaluated at 12 and 24 months 
compared to baseline (see Tables 8 and 9).  Overall, improvements from baseline were present 
at all time points for both hemoglobin concentration and platelet count for patients treated with 
30 U/kg and 60 U/kg.  There was some variability in the improvements noted in hemoglobin 
concentration in the 30U/kg treatment group.  However, it is not clear that changes in mean 
values between time points other than at baseline can be interpreted.  Furthermore, all of these 
changes after the baseline measurement represent changes within the normal range for 
hemoglobin.  
 
There were 12 patients with hemoglobin concentration and platelet count data at 12 months for 
PB-06-002.  In these patients, there were no substantive improvements in mean hemoglobin or 
platelet counts between baseline and month 12, but all patients demonstrated overall stability 
in mean hemoglobin concentration and platelet count (see Table 8 and Table 9).  However, it 
should be noted that the mean values for both these clinical parameters was in the normal 
range at baseline.  Therefore, it would not be expected that improvements would continue once 
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patients achieved normal values and evidence of continued stability in the normal range could 
be considered evidence of a treatment effect.  
 
Table 8:  Hemoglobin concentration by Study Week PB-06-003 

Hemoglobin Concentration 
(g/dL) 

PB-06-001 
30 units/kg 

(N = 12) 

PB-06-001 
60 units/kg 

(N = 14) 

PB-06-002 
Total 

(N=18) 
Grand Total 

(N = 44) 

     
Baseline     
 n 12 14 18 44 
 Mean (SD) 12.5(1.8) 11.4(2.8) 13. 6 (1.6) 12.6 (2.3) 
 Median 13.0 10.6 13.7 13.1 
 Min, Max 7.9, 14.6 5.5, 16.0 10.7, 16.1 5.5, 16.1 
     
Study Week 38/9-Month     
 n 12 14 18 44 
 Mean (SD) 14.2 (1.4) 13.6 (2.1) 13.4 (1.7) 13.7 (1.7) 
 Median 13.8 14.3 13.8 13.9 
 Min, Max 12.2, 16.9 8.6, 16.5 10.3, 15.7 8.6, 16.9 
     
Study Week 52/12- Month     
 n 12 14 12 38 
 Mean (SD) 14.2 (1.7) 13.6 (2.6) 13.6 (1.7) 13.8 (2.0) 
 Median 14.0 13.8 13.5 13.7 
 Min, Max 11.3, 17.4 7.3, 17.1 10.0, 16.6 7.3, 17.4 
     
Study Week 104/24-Month     
 n 11 14 0 25 
 Mean (SD) 13.8 (1.6) 13.8 (1.8)  13.8 (1.7) 
 Median 14.0 13.7  13.9 
 Min, Max 10.9, 17.2 11.3, 17.6  10.9, 17.6 

Modified from statistical review by B. Vali 
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Table 9:  Platelet count by Study Week PB-06-003 

Platelet Count (K/mm3) 

PB-06-001 
30 units/kg 

(N = 12) 

PB-06-001 
60 units/kg 

(N = 14) 

PB-06-002 
Total 

(N=18) 
Grand Total 

(N = 44) 

     
Baseline     
 n 12 14 18 44 
 Mean (SD) 65 (30) 62 (23) 164 (96) 104 (81) 
 Median 55 54 138 77 
 Min, Max 27, 112 28, 103 39, 328 27, 328 
     
Study Week 38/9-Month     
 n 12 14 18 44 
 Mean (SD) 75(45) 113 (53) 166 (98) 124 (81) 
 Median 67 111 165 109 
 Min, Max 20, 166 25, 241 37, 361 20, 361 
     
Study Week 52/12-Month     
 n 12 14 12 38 
 Mean (SD) 80 (42) 123 (54) 145 (97) 117 (71) 
 Median 70 138 122 110 
 Min, Max 23, 153 25, 228 47, 352 23, 352 
     
Study Week 104/24-Month     
 n 12 14 0 26 
 Mean (SD) 93(53) 141 (74)  119 (68) 
 Median 79 142  110 
 Min, Max 31, 180 29, 271  29, 271 
Modified from statistical review by B. Vali 
 
 
Exploratory endpoints 
The applicant also provided data on exploratory endpoints including Gaucher disease 
biomarkers, dual-energy X-ray absorptiometry (DEXA) scan, and quantitative chemical shift 
imaging (QCSI).  The latter two measurements were performed to assess bone disease in 
Gaucher patients.  The reader is directed to the clinical reviewer for results of these endpoint 
measurements.  It is not clear how these endpoints are associated to clinical improvements or 
changes in Gaucher disease and, therefore, will not be discussed in this memo. 
 
Effect of Immunogenicity on Efficacy 
As stated above, the effect of immunogenicity on efficacy results for PB-06-001 could not be 
performed during the first review cycle because the applicant had not provided an adequate 
confirmatory assay (immunodepletion assay).  Therefore, the impact of immunogenicity on 
efficacy data from PB-06-001 was reviewed during the current review cycle.   
 
Seventeen patients (17/32, 53%) developed ADA titers based on ELISA assay in PB-06-001 
during the 9 month treatment period. Of these 16/18 patients completed PB-06-001 and 
enrolled in the extension study.  Two patients were ADA positive before the first infusion; one 
patient was discontinued from the study due to an allergic reaction during the first infusion, 
and the other patient developed continually rising ADA titers through the course of the 
extension study.   The reviewer noted that the immunogenicity incidence rate increased with 
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negative and were treated with higher dose (60U/kg).  Thus, the development of 
immunogenicity appears to have some impact on longer-term improvements in clinical 
parameters.  However, the numbers of patients in each group are small, and the data collected 
at 24 months were open-label and uncontrolled.  Therefore, clear conclusions regarding these 
findings cannot be made.  Nevertheless, these data suggest that higher dose (60U/kg) and lack 
of immunogenicity may have a favorable impact on long-term efficacy of taliglucerase. 
 
Additionally, as stated above,  the reviewer also noted that the immunogenicity rates were 
higher for taliglucerase in this study (18%) is much lower than the immunogenicity rate 
determined for PB-06-001 (56%).  It is not surprising that patients who have been stable on 
imiglucerase represent a population that is less likely to develop immunogenicity.  Indeed, it 
remains concerning that 18% of patients who had previously been ADA-negative on 
imiglucerase became ADA-positive after receiving taliglucerase.  Furthermore, these 
immunogenicity rates are higher than immunogenicity rates for imiglucerase (15%) and 
velaglucerase (2%).  However, cross product generalizations regarding relative 
immunogenicity cannot be made because of differences in antibody assays for different 
products preclude the ability to compare across products.  Nevertheless, theses findings 
suggest that taliglucerase may be more immunogenic that other available ERTs and argues for 
long-term data as well as data comparing the efficacy of taliglucerase directly with other 
available ERTs. 
 
Finally, as stated previously, the applicant has not developed an acceptable assay to measure 
neutralizing antibodies for cellular uptake and enzyme activity for taliglucerase.  Therefore, an 
analysis of the effect of neutralizing antibodies on clinical efficacy of taliglucerase could not 
be performed.  These data are important to establish the long-term efficacy of taliglucerase.  
However, the overall data from PB-06-001, PB-06-002, and PB-06-003 establish the 
effectiveness of taliglucerase in type 1 Gaucher patients.  
 
Conclusions and Recommendations 
Overall, I agree with the statistical and clinical reviewer that the data from PB-06-001 support 
the effectiveness of taliglucerase alfa in adult patients with Gaucher disease.  The primary 
efficacy data from this trial were reviewed during the first review cycle.  I am also in 
agreement with the reviewers that additional data submitted as part of the Complete Response 
also support the effectiveness of taliglucerase alfa as demonstrated in PB-06-001.  Specifically, 
interim data reviewed for PB-06-002 and PB-06-003 support the findings that taliglucerase 
alfa mean spleen volume, liver volume, hemoglobin concentration and platelet count improve 
with treatment with taliglucerase alfa in treatment naïve patients and patients switched from 
taliglucerase alfa.  Additionally, immunogenicity data reviewed for PB-06-001, PB-06-002, 
and PB-06-003 do not establish concerns that immunogenicity is clearly adversely affecting 
the short-term efficacy of taliglucerase alfa.  Nevertheless, the immunogenicity data suggest 
that lack of antibody responses may affect longer-term efficacy.   
 
Nevertheless, there are some unresolved issues that limit the generalization of these results to 
support the long-term efficacy and safety in all type 1 Gaucher disease populations.  These 
issues include the lack of long-term safety and efficacy data, the lack of pediatric data, the 
effect of plant sugar antibodies and neutralizing antibodies for cellular uptake and enzyme 
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patients were ADA-positive.  However, the majority of patients who developed ADA titers did 
not develop allergic reactions.  There were also no substantive associations with the 
development of specific adverse events or with a specific pattern of antibody-positivity that 
was associated with a specific adverse event.  Again, as stated above, the number of ADA-
positive patients overall was too limited to clearly determine relationship between 
development of ADA titers and specific adverse events.  Furthermore, the lack of neutralizing 
antibody data in these clinical studies also severely limits the ability to draw clear conclusions 
about the relationship between immunogenicity and specific safety signals. 
 
Conclusions 
Overall, the clinical reviewer concluded that the safety data included in the Complete 
Responses was adequate to assess the overall safety profile of taliglucerase in adults with type 
1 Gaucher disease.  I agree with the reviewer’s assessment.  However, there were very few 
patients in the safety database with data on longer-term treatment (i.e., more than 12 months), 
and there are extremely limited safety data included in pediatric patients.  Therefore, I would 
recommend that additional longer-term safety data from studies PB-06-003, PB-06-005, and 
PB-06-002 should be submitted as a post-marketing requirement study.   
 
Furthermore, the impact of immunogenicity could not be fully assessed because the applicant 
has not developed an acceptable assay to detect neutralizing antibodies for enzyme activity or 
cellular uptake.  Moreover, the presence of antibodies to plant sugars may also have an impact 
on long-term safety and an acceptable assay has not yet been developed to identify antibodies 
to plant sugars.  Therefore, I recommend that assays for neutralizing antibodies and plant 
sugars be developed so that the applicant must reanalyze all available safety data based on 
these revised assays.  However, based on the available anti-taliglucerase antibody assays, there 
does not appear to be a substantive safety signal, and therefore, development of these 
additional antibody assays do not preclude approval of taliglucerase and may be developed and 
analyzed as postmarketing requirements studies.   
 

9. Advisory Committee Meeting  
 
An advisory committee meeting was not convened during the first review cycle.  Additionally, 
no advisory committee meeting was convened during the current review cycle.   

10. Pediatrics 
 
Taliglucerase alfa received orphan designation on September 3, 2009.  Therefore, the 
regulations that pertain to the Pediatric Equity in Research Act (PREA) do not apply to 
taliglucerase alfa.  The submission was not presented to the Pediatric Review Committee 
(PeRC) during the first review cycle or the current review cycle.  
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11. Other Relevant Regulatory Issues  
 

A. DSI audits and Financial Disclosures 

 
DSI inspections were performed during the first review cycle and the inspection did not note 
any significant deficiencies.  No DSI inspections were performed during the current review 
cycle. Review of financial disclosure information was performed during the first review cycle.  
There was no new financial disclosure information included in the Complete Response 
submission.   

B. Clinical Consults 

There were no clinical consults obtained for the current review. 

C.  Drug shortage 

During the first review cycle a drug shortage affecting the supply of Cerezyme (imiglucerase) 
existed.  However, as of January 11, 2011, Genzyme, the manufacturer of Cerezyme stated 
that the supply of Cerezyme had been restored for all patients who were currently receiving 
therapy and that Cerezyme would also be available to new Gaucher patients.  Thus, there were 
no ongoing drug shortages for any products used to treat Gaucher disease during the current 
review cycle.   
 

12. Labeling  
 
Proprietary name 

The applicant proposed the trade name of  “Elelyso” for their product under NDA 22-562 after 
 was found to be unacceptable during the first review cycle review by the Division of 

Medication Errors Prevention and Analysis (DMEPA).  A review of the trade name “Elelyso” 
was performed by M. Siahpoushan in DMEPA, and this trade name was found to be 
acceptable. 
 
Physician labeling/Carton and immediate container labels 

Final labeling for Elelyso was satisfactorily negotiated during the current review cycle.  The 
final labeling conforms to the Physician Labeling Rule (PLR) format.  The reader is referred to 
final labeling for Elelyso for complete details.  Highlights of labeling negotiated to date for 
Elelyso are presented below:   
 
Indication 
ELELYSO™ (taliglucerase alfa) for injection is a hydrolytic lysosomal glucocerebroside-
specific enzyme indicated for long-term enzyme replacement therapy (ERT) for adults with a 
confirmed diagnosis of Type 1 Gaucher disease.   
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Warnings and Precautions 
 
5.1 Anaphylaxis 
As with any intravenous protein product, severe allergic reactions are possible. Anaphylaxis 
has been reported in patients treated with ELELYSO [see Adverse Reactions (6.1)]. If 
anaphylaxis occurs, ELELYSO should be immediately discontinued, and appropriate medical 
treatment should be initiated.   
 
In patients who have experienced anaphylaxis during infusion with ELELYSO  

 caution should be exercised upon  appropriate medical support should be 
readily available [see Adverse Reactions (6)].  
 
5.2 Allergic and Infusion Reactions 
Infusion reactions (including allergic reactions), defined as a reaction occurring within 24 
hours of the infusion, were the most commonly observed reactions in patients (44%-46%) 
treated with ELELYSO in clinical studies [see Adverse Reactions (6)].  The most commonly 
observed symptoms of infusion reactions were headache (16%), chest pain or discomfort (6%), 
asthenia (7%), fatigue (5%), urticaria (7%), erythema (5%), increased blood pressure (5%), 
back pain and arthralgia (7%), and flushing (6%).   Most of these reactions were mild and did 
not require treatment intervention. 
 
Base the management of infusion reactions on the type and severity of the reaction, e.g., 
slowing the infusion rate or treatment with medications such as antihistamines and 
antipyretics.  
 
Pre-treatment with antihistamines and/or corticosteroids may prevent subsequent reactions in 
those cases where symptomatic treatment was required.  Patients were not routinely pre-
medicated prior to infusion of ELELYSO during clinical studies. 
 
Pediatrics 
The safety and effectiveness of ELELYSO in pediatric patients have not been established.  
One pediatric patient experienced a serious adverse reaction (gastroenteritis). 

13. Recommendations/Risk Benefit Assessment  
 
Recommended Regulatory Action  
The Complete Response submission has been reviewed by all relevant disciplines, all of whom 
recommend an approval action.  I agree with the recommendations from each discipline.  
Therefore, I recommend that an Approval action be taken for this application.  However, there 
are several postmarketing requirement and commitment studies by product quality, product 
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quality immunogenicity, clinical pharmacology and clinical disciplines that have been 
negotiated as a condition of the approval that are discussed in detail below.   
 
Risk Benefit Assessment 
The benefit of taliglucerase alfa in the treatment of adults with type 1 Gaucher disease was 
established with the data included in the original and current submission.  These data include 
the evidence of improvement in spleen and liver volume, hemoglobin, and platelet count as 
demonstrated in PB-06-001, a 9 month study evaluating two doses of taliglucerase alfa (30 
U/kg and 60 U/kg).  Statistically significant, clinically relevant treatment effects were 
demonstrated overall in 29 patients who completed the 9 month study.  Furthermore, stablility 
in the same clinical parameters was also demonstrated in 25 patients switched from 
imiglucerase to taliglucerase over a 9 month period in PB-06-002.  Finally, longer-term 
effectiveness in a small subset of patients treated in an open-label extension study (PB-06-003 
also suggested the benefit of taliglucerase alfa in patients with type 1 Gaucher disease.   The 
clinical reviewer concluded that the efficacy of taliglucerase had been established based on the 
data provided in the original submission and complete response.  However, the reviewer noted 
longer-term efficacy of taliglucerase, especially compared to other approved ERTs had not yet 
been established and recommended that a controlled study evaluating taliglucerase with 
existing approved therapy should be performed as a post-marketing commitment. 
 
The safety of taliglucerase alfa is supported by safety data in 121 patients treated for up to 30 
months.  The safety concerns for taliglucerase do not appear to differ substantially from safety 
concerns with other ERTs and include the risk of anaphylaxis, allergic and infusion reactions, 
and immune-mediated reactions.  It is not clear whether the novel plant-based expression 
system increases immunogenicity concerns for the product and to date, the applicant has not 
developed an adequate antibody assay to assess for the presence of plant sugar antibodies.  
Nevertheless, the safety data provided to date do not specifically identify a safety concern 
based on this novel expression system.  As has been discussed, the lack of adequate 
neutralizing antibody assays also prevents a comprehensive analysis of the safety and efficacy 
of taliglucerase alfa.  However, the data reviewed to date do not present specific safety 
concerns related to immunogenicity.  Finally, there are limited data on pediatric patients, and 
other special populations including pregnant and lactating women.  Therefore, as a condition 
of approval the applicant will need to complete several postmarketing requirement and 
commitment studies that address these concerns.   
 
Thus, I believe the risk benefit assessment of taliglucerase in the treatment of adults with type 
1 Gaucher disease remains favorable, and I recommend an approval action for the NDA 
Complete Response submission with specific revisions to labeling as provided in the approval 
letter.  Additionally, I had no disagreements with the conclusions or recommendations from 
any of the review disciplines involved with the Complete Response submission.      
 
Recommendation for Postmarketing Risk Evaluation and Management Strategies 
No special postmarketing risk management activities are recommended for this application. 
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Recommendation for other Postmarketing Requirements and Commitments 
 
Title IX, Subtitle A, Section 901 of the FDAAA amends the FDCA to authorize FDA to 
require holders of approved drug and biological product applications to conduct postmarketing 
studies and clinical trials for certain purposes, if FDA makes certain findings required by the 
statute (section 505(o)(3)(A)).  This provision took effect on March 25, 2008. 
 
As noted in this memo, the applicant has not developed adequately sensitive assays for the 
detection of neutralizing antibodies to enzyme activity and cellular uptake for taliglucerase.    
Therefore, a full assessment on the impact of the development of neutralizing antibodies to 
taliglucerase could not be determined and constitutes a long-term safety issue.  Additionally, 
the applicant has not developed an assay for the detection of plant sugars found on 
taliglucerase alfa.  It is possible that development of antibodies to plant sugars may also affect 
the long-term safety of taliglucerase alfa.  Finally, as noted in this memo, there are extremely 
limited pediatric data available to assess the safety and efficacy of taliglucerase alfa.  
However, the applicant has a pediatric study underway that will be completed in the near 
future.  Data from this completed study should be submitted for review in order to more fully 
assess the safety of taliglucerase in pediatric patients.  It should be noted that there were no 
specific safety signals identified in the data reviewed to preclude approval of the product prior 
to the completion of the pediatric study.  Therefore, submission of the pediatric study as a 
post-approval requirement is considered acceptable.  However, there are several known and 
potential safety risks that will require post-marketing studies because routine analysis of 
spontaneous postmarketing adverse events will not be sufficient.  These risks include: 
 

1. The known serious risks of allergic and immune-mediated reactions 
 
2. Unexpected and potential serious risks related to the development of neutralizing anti-

drug antibodies or plant-specific sugar antibodies and cellular uptake inhibition  
 
3. Unexpected serious adverse effects on 1) pregnancy outcomes, 2) fetal outcomes 

(teratogenicity), or 3) outcomes in newborns and infants exposed to taliglucerase and 
through breast-feeding. 

    
Based on these risks, 8 post-marketing requirement studies have been negotiated with the 
applicant and will be included in the Approval Letter as follows: 
 

1895-1 To develop a validated, sensitive, and accurate assay for the detection of 
neutralizing antibodies to ELELYSO (taliglucerase alfa) for injection that is 
expected to be present in the serum at the time of patient sampling. A summary 
of the validation exercise including supporting data, a summary of the 
development data supporting assay suitability for parameters not assessed in the 
validation exercise, and the assay SOP will be provided to FDA. 
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The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Protocol Submission: 09/2012 
Study Completion:    03/2013 
Final Report Submission:  07/2013 

 
 

1895-2 To develop a validated, sensitive, and accurate assay for the assessment of 
cellular uptake inhibition by cell surface mannose receptors due to the presence 
of neutralizing antibodies to ELELYSO (taliglucerase alfa) for injection that is 
expected to be present in the serum at the time of patient sampling. A summary 
of the validation exercise including supporting data, a summary of the 
development data supporting assay suitability for parameters not assessed in the 
validation exercise, and the assay SOP will be provided to FDA. 

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Protocol Submission: 12/2012 
Study Completion:    06/2013 
Final Report Submission:  10/2013 

 
 

1895-3 To develop a validated, sensitive, and accurate assay for the detection of 
antibodies to plant-specific sugars in ELELYSO (taliglucerase alfa) for 
injection that is expected to be present in the serum at the time of patient 
sampling. A summary of the validation exercise including supporting data, a 
summary of the development data supporting assay suitability for parameters 
not assessed in the validation exercise, and the assay SOP will be provided to 
FDA. 

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Protocol Submission: 12/2012 
Study Completion:    06/2013 
Final Report Submission:  10/2013 

 
1895-4 To conduct an assessment of neutralizing anti-drug antibody (ADA) response 

and presence of antibodies against plant-specific sugars in ELELYSO 
(taliglucerase alfa) for injection in patient plasma samples. Validated assays 
(developed under 1895-1, 1895-2 and 1895-3) capable of sensitively detecting 
neutralizing ADA responses and antibodies to plant-specific sugars that are 
expected to be present at the time of patient sampling will be used. The 
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neutralizing ADA response, cellular uptake inhibition and the presence of plant-
specific sugar antibodies will be evaluated in all archived sampling time points 
available from all patients in Phase 3 trials (PB-06-001, PB-06-002, PB-06-003, 
and PB-06-005).  Analysis will evaluate immunogenicity rates and individual 
patient titers to assess the impact of neutralizing antibody levels, cellular uptake 
inhibition, and plant-specific sugar  antibody levels on parameters of safety as 
well as on the pharmacokinetics (PK), pharmacodynamics (PD), and efficacy of 
ELELYSO (taliglucerase alfa) for injection where data are available.   

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Protocol Submission: 12/2012 
Study Completion:    11/2013  
Final Report Submission:  03/2014 

 
 

1895-5 To evaluate the long-term safety and efficacy of ELELYSO (taliglucerase alfa) 
for injection in a registry of Gaucher disease patients being treated with 
ELELYSO (taliglucerase alfa) for injection.  Detailed clinical status 
information will be collected at study entry and on an annual basis for 10 years.  
An interim report will be submitted after completion of the first 5 years of the 
study.   

 
The timetable you submitted on April 30, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Protocol Submission:  06/2013 
Interim Report Submission:  07/2019 
Study Completion:     10/2023 
Final Report Submission:   07/2024 

 
 
1895-6 To evaluate the effect of ELELYSO (taliglucerase alfa) for injection on 

pregnancy and fetal outcomes, and to collect detailed clinical status information 
on newborns and infants whose mothers are treated with ELELYSO 
(taliglucerase alfa) for injection during lactation.  This study may be completed 
as a sub-study within the registry (1895-5).  An interim report will be submitted 
after completion of the first 5 years of the study.   
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The timetable you submitted on April 30, 2012, states that you will conduct this study 
according to the following schedule:  
 

Final Protocol Submission:  06/2013 
Interim Report Submission:  06/2019 

  Study Completion:     10/2023 
Final Report Submission:   07/2024 

 
 

1895-7 To complete the ongoing trial PB-06-005, entitled “A Multicenter, Double-
blind, Randomized Safety and Efficacy Study of Two Dose Levels of 
Taliglucerase Alfa in Pediatric Subjects with Gaucher Disease.”  This trial will 
obtain safety and efficacy data in pediatric patients with Type 1 Gaucher 
disease, including data on allergic and immune-mediated reactions, and 
unexpected risks from antibody development.  The trial was initiated in October 
2010.   

 
The timetable you submitted on April 26, 2012, states that you will conduct this trial according 
to the following schedule: 
 

Trial Completion:    06/2012 
Final Report Submission:  09/2012 

 
1895-8 To complete the ongoing trial PB-06-002, entitled “A Multicenter, Open-label, 

Switchover Trial to Assess the Safety and Efficacy of Taliglucerase alfa in 
Patients with Gaucher Disease Treated with Imiglucerase (Cerezyme®) 
Enzyme Replacement Therapy.”  This trial will obtain safety and efficacy data 
in adult and pediatric patients with Type 1 Gaucher disease, including data on 
allergic and immune-mediated reactions, and unexpected risks from antibody 
development.  The trial was initiated in the U.S. in April 2009. 

 
The timetable you submitted on April 26, 2012, states that you will conduct this trial according 
to the following schedule: 
 

Trial Completion:    03/2013 
Final Report Submission:  06/2013 

 
Additionally, one clinical PMC and 4 clinical PMCs were negotiated with the applicant and 
will appear in the Approval Letter as follows: 
 
POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS 
OF SECTION 506B  
 
We remind you of your postmarketing commitment: 
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1895-9 To provide a detailed analysis of the safety and effectiveness of ELELYSO 
(taliglucerase alfa) for injection for 36 months obtained in the clinical 
development program compared with data available for the same length of 
treatment for other approved enzyme replacement therapies (ERT) for Gaucher 
disease.   

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Final Report Submission:  05/2013 
 
POSTMARKETING COMMITMENTS NOT SUBJECT TO REPORTING 
REQUIREMENTS OF SECTION 506B 
 
We remind you of your postmarketing commitments: 
 

1895-10 To revise the cellular uptake potency assay release and stability acceptance 
criteria after 15 lots of drug product have been manufactured.  

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 

 
Final Report Submission:  07/2015 

 
1895-11 To revise Experion automated electrophoresis release and stability acceptance 

criteria after 15 lots of drug product have been manufactured. 
 

The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 

 
Final Report Submission:  07/2015 

 
1895-12 To evaluate and revise as appropriate  the minimal percentage of specific 

uptake  of reference standard as a system suitability criterion in the cellular 
uptake  potency assay after at least 80 independent assay runs of release and 
stability testing of drug substance and drug product lots have been completed. 

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Study Completion:    12/2013 
Final Report Submission:  03/2014 

 
1895-13 To perform a thorough biochemical characterization of the  

 detected in the imaging capillary electrophoresis (iCE) assay and to 
evaluate the impact of this heterogeneity on product quality, including any 
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effects on potency (specific uptake, enzyme kinetics, and cellular uptake).  The 
characterization should use additional analytical assays (e.g., peptide mapping 

) to confirm the identity of the characterized peaks.  Perform 
an assessment regarding the suitability and the implementation of the iCE 
method and other analytical assays as appropriate in your stability protocol. The 
results of these studies should guide the revision of the release and stability 
specifications after at least 30 lots of drug substance and at least 15 lots of drug 
product have been manufactured.  

 
The timetable you submitted on April 26, 2012, states that you will conduct this study 
according to the following schedule: 
 

Study Completion:    04/2015 
Final Report Submission:  07/2015 

 
 
Recommended Comments to Applicant 
Based on the recommended Approval action for taliglucerase alfa, the recommended 
comments to the applicant relate to additional post-marketing requirement (PMR) and 
commitment (PMC) studies.  Specific PMR and PMC studies are discussed above. 
 
The reader is directed to the Approval Letter for specific details. 
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