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IND 127387 
MEETING MINUTES 

 
Amicus Therapeutics 
Attention: Jamie Gault, RAC 
Executive Director, Global Regulatory Affairs 
1 Cedar Brook Drive 
Cranbury, NJ 08512 
 
Dear Jamie Gault: 
 
Please refer to your Investigational New Drug Application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for recombinant human acid 
alphaglucosidase (ATB200) and miglustat (AT2221). 
 
We also refer to the teleconference between representatives of your firm and the FDA 
on November 10, 2020. The purpose of the meeting was to gain agreement on Module 
3 content description of the ATB200 BLA and AT2221 NDA and specific questions on 
each product in the meeting request. 
 
A copy of the official minutes of the meeting/telecon is enclosed for your information.  
Please notify us of any significant differences in understanding regarding the meeting 
outcomes. 
 
If you have any questions, call Marquita Burnett, Regulatory Business Process Manager 
at  
 
 

Sincerely, 
 
{See appended electronic signature page} 
 
 
Maria Gutierrez-Lugo, PhD 
Review Chief 
Division of Biotechnology Review and Research III 
Office of Biotechnology Products 
Office of Pharmaceutical Quality 
Center for Drug Evaluation and Research  

 
 
 
Enclosure: 
• Meeting Minutes 
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MEMORANDUM OF MEETING MINUTES 

 
Meeting Type: B 
Meeting Category: Pre-BLA  
 
Meeting Date and Time: November 10, 2020 3:00PM – 4:00PM EST 
Meeting Location: Teleconference 
 
Application Number: 127387 
Product Name: recombinant human acid alphaglucosidase (ATB200) and 
 miglustat (AT2221) 
  
Indication: Treatment of Late-onset Pompe disease 
Sponsor Name:  Amicus Therapeutics 
 
Meeting Chair: Maria (Tere) Gutierrez-Lugo, PhD 
Meeting Recorder: Marquita Burnett, MPH 
 
FDA ATTENDEES 
Maria Gutierrez-Lugo, PhD   Branch Chief, OPQ/OBP 
Frances Namuswe, PhD   ATL, OPQ/OBP/DBRRIII 
Davinna Ligons, PhD   Drug Product Reviewer, OPQ/OBP/DBRRIII 
Hitesh Shroff, PhD    Team Lead, OPQ/ONDP/DNDPII/NDPB4 
Yubing Tang, PhD    Branch Chief, OPQ/OPMA/DPMAII/PMB5 
Candace Gomez-Broughton, PhD  Branch Chief, OPQ/OPMA/DBM/BMB2 
Virginia Carroll, PhD   Team Lead, OPQ/OPMA/DBM/BMB2 
Marquita Burnett, MPH   RBPM, OPQ/OPRO 
 
SPONSOR ATTENDEES 
Jason Cameron    Senior Vice President, Technical Operations 
Sergey Tesler, RAC, PMP   Executive Director, Regulatory Affairs CMC 
Jamie Gault, RAC    Executive Director, Global Regulatory Affairs 
Sheela Sitaraman, PhD, PMP  Vice President, Program Management 
Qing-Hong Dai, PhD, RAC (ATB200) Associate Director, Regulatory Affairs CMC 
Xin Yao, PhD, RAC (AT2221)  Senior Manager, Regulatory Affairs CMC 
Joseph Berry     Vice President, MSAT 
Jon Jessmer     Vice President, Quality Assurance 
 
1.0 BACKGROUND 
 
On September 11, 2020, Amicus Therapeutics submitted a type B meeting request. The 
purpose of the meeting is to discuss and gain agreement on Module 3 content 
description of the ATB200 BLA and AT2221 NDA and specific questions on each 
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U.S. Food and Drug Administration 
Silver Spring, MD 20993 
www.fda.gov 

and packaging and labeling systems. You indicate in the meeting package that some of 
the development facilities are non-GMP sites; however, you did not indicate the role(s) 
of the non-GMP sites. It is your responsibility to ensure that the facilities manufacturing 
clinical materials operate under phase appropriate CGMPs. 
 
For more details, refer to Preparation of Investigational New Drug Products (Human and 
Animal) published on FDA.gov (https://www.fda.gov/media/71017/download). 
 
Discussion: 
Sponsor accepted the response with no further discussion requested. 
 
Question 5: Does the Agency agree with the proposed overall content of the AT2221 
NDA? 
 
FDA Response to Question 5:  
In general, the proposed overall content of the AT2221 NDA submission appears 
reasonable. However, its adequacy will be determined at the time of the NDA review. 
We have the following recommendations for your NDA submission: 
 

1. We recommend that you add specifications for elemental impurities  
 to your proposed drug product specification. 

 
2. In your NDA the drug product specification should be based on the ingredients, 

 manufacturing process, results of the stability tests of the registration 
and supportive batches as well as ICH Guidelines Q6A. The drug product 
impurities should be listed in specification table as specified, unspecified and 
total impurities and controlled per ICH Guidelines Q3B  

 The elemental impurities should be controlled per USP <232>, USP 
<233> and ICH Q3D. All mutagenic impurities should be controlled per ICH M7. 
Provide validated analytical methods used for the drug product release in 
accordance with ICH Guidelines Q2 (R1) and demonstrate that they are suitable 
for the intended use. The final determination of the drug product specification will 
be based on the thorough review of the data provided in your NDA. 

 
3. For preparation of the CMC sections in your NDA refer to the relevant CDER 

Pharmaceutical quality, CMC Guidances, ICH Quality Guidelines and the USP 
chapter: 

• https://www.fda.gov/drugs/pharmaceutical-quality-resources/guidances-
andmanuals-pharmaceutical-quality 

• https://www.fda.gov/drugs/guidance-compliance-regulatory-
information/guidances-drugs  

• https://ich.org/  
• USP <2> Oral Drug Products – Product Quality Tests 

 
Discussion: 
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Question 8: Does the FDA agree with Amicus’s proposed initial commercial shelf life of 
36 months in the original NDA? 
 
FDA Response to Question 8:  
The drug product shelf-life will be determined at the time of NDA review based on the 
stability data provided in your NDA. 
 
Discussion: 
Sponsor accepted the response with no further discussion requested. 
 
Additional Comments: 
 
BLA CMC Microbiology comments: 
The FDA is providing additional product quality microbiology comments for you to 
consider during development of your commercial manufacturing process and 
preparation of your 351(a) BLA submission. 
 
All facilities should be registered with the FDA at the time of the 351(a) BLA submission 
and ready for inspection in accordance with 21 CFR 600.21 and 601.20(b)(2). Include in 
the BLA submission a complete list of the manufacturing and testing sites with their 
corresponding FEI numbers. A preliminary manufacturing schedule for the drug 
substance and drug product should be provided in the BLA submission to facilitate the 
planning of pre-license inspections during the review cycle. Manufacturing facilities 
should be in operation and manufacturing the product under review during the 
inspection. 
 
Information and data for CMC product quality microbiology should be submitted in the 
specified sections indicated below. 
 
The CMC Drug Substance section of the 351(a) BLA (Section 3.2.S) should contain 
information and data summaries for microbial and endotoxin control of the drug 
substance. The information should include, but not be limited to the following: 

• Bioburden and endotoxin levels at critical manufacturing steps should be 
monitored using qualified bioburden and endotoxin tests. Bioburden sampling 
should occur prior to any 0.2 μm filtration step. The pre-established bioburden 
and endotoxin limits should be provided (3.2.S.2.4). 

• Bioburden and endotoxin data obtained during manufacture of three process 
qualification (PPQ) lots (3.2.S.2.5). 

• Microbial data from three successful product intermediate hold time validation 
runs at manufacturing scale. Bioburden and endotoxin levels before and after the 
maximum allowed hold time should be monitored and bioburden and endotoxin 
limits provided (3.2.S.2.5). 

• Chromatography resin and UF/DF membrane lifetime study protocols and 
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acceptance criteria for bioburden and endotoxin samples. During the lifetime 
studies, bioburden and endotoxin samples should be taken at the end of storage 
prior to sanitization (3.2.S.2.5). 

• Information and summary results from the shipping validation studies (3.2.S.2.5). 
• Drug substance bioburden and endotoxin release specifications (3.2.S.4). 
• Summary reports and results from bioburden and endotoxin test method 

qualification studies performed for in-process intermediates and the drug 
substance. If compendial test methods are used, brief descriptions of the 
methods should be provided in addition to the compendial reference numbers 
(3.2.S.4). 

 
The CMC Drug Product section of the 351(a) BLA (Section 3.2.P) should contain 
validation data summaries to support the aseptic processing operations. For guidance 
on the type of data and information that should be submitted, refer to the 1994 FDA 
Guidance for Industry “Submission Documentation for Sterilization Process Validation in 
Applications for Human and Veterinary Drug Products” at 
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidanc 
es/ucm072171.pdf.  
 
The following information should be provided in Sections 3.2.P.3.3 and/or 3.2.P.3.4, as 
appropriate. 

• Identification of the manufacturing areas and type of fill line (e.g. open, RABS, 
isolator), including area classifications. 

• Description of the sterilizing filter (supplier, size, membrane material, membrane 
surface area, etc.); sterilizing filtration parameters (pressure and/or flow rate), as 
validated by the microbial retention study; wetting agent used for post-use 
integrity testing of the sterilizing filter and post-use integrity test acceptance 
criteria. 

• Parameters for filling and capping for the vials. 
• A list of all equipment and components that contact the sterile drug product (i.e. 

the sterile-fluid pathway) with the corresponding method(s) of sterilization and 
depyrogenation, including process parameters. The list should include single-use 
equipment. 

• Processing and hold time limits, including the time limit for sterilizing filtration and 
aseptic filling. 

• Sampling points and in-process limits for bioburden and endotoxin. Bioburden 
samples should be taken at the end of the hold time prior to the subsequent 
filtration step. Pre-sterile filtration bioburden limits should not exceed 10 CFU/100 
mL. 

 
The following study protocols and validation data summaries should be included 
in Section 3.2.P.3.5, as appropriate: 

• Bacterial filter retention study for the sterilizing filter. Include a comparison of 
validation test parameters with routine sterile filtration parameters. 
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• Sterilization and depyrogenation of equipment and components that contact the 
sterile drug product. Provide summary data for the three validation studies and 
describe the equipment and component revalidation program. 

• In-process microbial controls and hold times. Three successful product 
intermediate hold time validation runs should be performed at manufacturing 
scale, unless an alternative approach can be scientifically justified. Bioburden 
and endotoxin levels before and after the maximum allowed hold time should be 
monitored and bioburden and endotoxin limits provided. 

• Isolator decontamination summary data and information, if applicable. 
• Three successful consecutive media fill runs, including summary environmental 

monitoring data obtained during the runs. Describe the environmental and 
personnel monitoring procedures followed during media fills and compare them 
to the procedures followed during routine production. 

• Information and summary results from shipping validation studies. 
• Validation of capping parameters, using a container closure integrity test. 
• Lyophilizer sterilization validation summary data and information. 

 
The following product testing and method validation information should be provided in 
the appropriate sections of Module 3.2.P: 

• Container closure integrity testing. System integrity should be demonstrated 
initially and during stability. Container closure integrity method validation should 
demonstrate that the assay is sensitive enough to detect breaches that could 
allow microbial ingress (≤ 20 microns). Container closure integrity testing should 
be performed in lieu of sterility testing for stability samples every 12 months 
(annually) until expiry. 

• Summary report and results for qualification of the bioburden, sterility, and 
endotoxin test methods performed for in-process intermediates (if applicable) and 
the finished drug product, as appropriate. If compendial test methods are used, 
brief descriptions of the methods should be provided in addition to the 
compendial reference numbers. Provide full descriptions and validation of non-
compendial rapid microbial methods. 

• Summary report and results of the Rabbit Pyrogen Test conducted on three 
batches of drug product in accordance with 21 CFR610.13(b). 

• Low endotoxin recovery studies. Certain product formulations have been 
• reported to mask the detectability of endotoxin in the USP <85> Bacterial 

Endotoxin Test (BET). The effect of hold time on endotoxin detection should be 
assessed by spiking a known amount of standard endotoxin (RSE or purified 
CSE) into undiluted drug product and then testing for recoverable endotoxin over 
time. 
 

Microbiological studies in support of the post-reconstitution and post-dilution storage 
conditions. Describe the test methods and results that employ a minimum countable 
inoculum (10-100 CFU) to simulate potential microbial contamination that may occur 
during dilution. The test should be run at the label’s recommended storage conditions, 
be conducted for twice the recommended storage period, bracket the drug product 
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If 3b is checked “No”, BTDR can be denied without MPC review. Skip to number 5 for clearance and sign-off (Note: 
The Division always has the option of taking the request to the MPC for review if the MPC’s input is desired. If this is 
the case, proceed with BTDR review and complete Section II). If MPC review is not required, email Miranda Raggio 
and Sandy Benton as soon as this determination is made so that the BTDR can be removed from the MPC calendar.

If 3b is checked “Yes” or “Undetermined”, proceed with BTDR review and complete Section II, as MPC review is 
required.
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Note, if the substantial improvement is not obvious, or is based on surrogate/pharmacodynamic endpoint data rather than 
clinical data, explain further.
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CDER Breakthrough Therapy Designation Determination Review Template

IND/NDA/BLA # IND 127387
Request Receipt Date December 4 2018
Product ATB200 and AT2221
Indication Late-Onset Pompe Disease (LOPD)
Drug Class/Mechanism of 
Action

Primary (ATB200): Enzyme replacement therapy 
Secondary (AT2221): Substrate Reduction Therapy

Sponsor Amicus Therapeutics, Inc

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

February 4, 2017

Note: This document should be uploaded into CDER’s electronic document archival system as a clinical review 
and will serve as the official primary Clinical Review for the Breakthrough Therapy Designation Request 
(BTDR). Link this review to the incoming BTDR. Note: Signatory Authority is the Division Director.

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

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

Treatment of patients with Late-Onset Pompe Disease (LOPD)

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

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

3. Consideration of Breakthrough Therapy Criteria: 

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

If 3a is checked “No,” the BTDR can be denied without MPC review. Skip to number 5 for clearance and sign-off. If 
checked “Yes”, proceed with below:

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

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

1 For a definition of serious and life threatening see Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf
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i. Only animal/nonclinical data submitted as evidence
ii. Insufficient clinical data provided to evaluate the BTDR

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

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

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

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

4. Provide below a brief description of the deficiencies for each box checked above in Section 3b: 

If 3b is checked “No”, BTDR can be denied without MPC review. Skip to number 5 for clearance and sign-off (Note: 
The Division always has the option of taking the request to the MPC for review if the MPC’s input is desired. If this is 
the case, proceed with BTDR review and complete Section II). If MPC review is not required, email Miranda Raggio 
and Sandy Benton as soon as this determination is made so that the BTDR can be removed from the MPC calendar.

If 3b is checked “Yes” or “Undetermined”, proceed with BTDR review and complete Section II, as MPC review is 
required.

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

Deny Breakthrough Therapy Designation  

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

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

Executive Summary
The Division does not recommend granting breakthrough therapy designation (BTD) to IND 127387 as the preliminary 
results from a single-arm, open-label study do not suggest significant clinical improvement after exposure to the 
Sponsor’s drug-biologic combination product ATB200/AT2221. 

Patients with Late-Onset Pompe Disease (LOPD) clinically improve upon initiation of the currently available enzyme 
replacement therapy (ERT). However, after treatment for a few years, newly published reports describe either a plateau in 
clinical improvement or a slowly progressive deterioration in ambulation (six-minute walk distance (6MWD)) and 
pulmonary function testing (% predicted FVC). The Sponsor has submitted data from a single arm, open-label study 
(Study ATB200-02) that evaluated patients switched to ATB200/AT2221 after at least three years of treatment with ERT 
(alglucosidase alfa) prior to enrollment. The primary efficacy in the study was a comparison of 6MWD from switchover 
baseline to the longest treatment evaluation (6 to 12 months). The change from baseline was also compared to the 
available published natural history data. The Sponsor argues that the patients enrolled are presumed to be in the 
plateau/decline phase of disease, and that if improvement or stability are shown in the 6MWD after starting 
ATB200/AT2221, then it is reasonable to conclude efficacy relative to historical controls.

The Sponsor was asked to provide pre-switchover clinical data.  Such data were provided for three of nine patients who 
completed the 6MWT. These data called into question whether patients enrolled in the study were in a plateau or a decline 
phase of disease, and thus whether it is appropriate to compare the results from the trial to natural history data. The 
Division concludes that the limited information submitted to date, the uncertainties related to the inherent variability in 
disease progression, and the additional limitations associated with an efficacy assessment that is effort dependent 
(6MWD) make a claim of efficacy on the basis of the results of this single-arm study very tentative.

6. A brief description of the drug, the drug’s mechanism of action (if known), the drug’s relation to existing 
therapy(ies), and any relevant regulatory history. Consider the following in your response. 

Disease:
Pompe disease (OMIM#232300), also known as acid maltase deficiency or glycogen storage disease type 2, is a rare 
lysosomal storage disorder estimated to affect 1 in 40,000 live births, with autosomal recessive inheritance. Patients 
who present clinically within one-year of age are diagnosed with Infantile-Onset Pompe Disease (IOPD). Patients 
who present after one year of age are diagnosed with Late-Onset Pompe Disease (LOPD). All diagnosed patients have 
low or deficient acid -glucosidase (GAA) activity resulting in glycogen filled lysosomes that ultimately impair all 
tissues. The mechanism of impairment is not clearly understood. Large accumulation of glycogen appears to cause 
lysosomes to swell and rupture, and results in cellular damage. In addition, autophagic buildup and lipofuscin 
inclusions appear to impact the muscle architecture to a greater extent than in other cells. It is also postulated that 
lysosomal glycogen accumulation has a secondary toxicity on mitochondrial function, which may have a greater 
impact upon muscle cells (Lim JA, et al).  Both IOPD and LOPD significantly impact skeletal and smooth muscle 
tissue but cardiac muscle is more commonly impaired in patients with IOPD.
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Disease progression in patients with LOPD is slower compared to patients with IOPD. Most patients demonstrate 
progressive limb-girdle weakness and respiratory failure related to disease involvement of muscles in the proximal 
lower and upper limbs, paraspinal muscles and diaphragm.

Alglucosidase alfa (Myozyme), enzyme replacement therapy (ERT) for patients with IOPD, was initially approved in 
2006. Approval was based upon improvement in ventilator-free survival in patients with IOPD. Alglucosidase alfa 
(under the name Lumizyme) was subsequently approved for patients 8-years and older with LOPD who did not have 
evidence of cardiac hypertrophy. Approval was based upon improvement in both the 6MWT and % predicted FVC. 
For additional details regarding approval, refer to Section 8. Recent publications suggest that while long-term ERT 
with alglucosidase alfa improves muscle strength and pulmonary function, this improvement may peak after a few 
years of treatment. 

• Kuperus et al., 2017: A review of long-term efficacy in 102 patients with LOPD treated in the Netherlands 
suggests that after three years, patients either plateau or steadily decline in measures of muscle strength or 
pulmonary function and quality of life. (Figure 1) The authors evaluated patients for about five years and 
noted a large degree of variability in 6MWD based upon 95% confidence interval. 

Figure 1: Effect of Long-Term ERT on c% Predicted FVC and 6MWD in Patients with LOPD

Source: Kuperus et al. (2017)
Note: 53 patients evaluated for 6MWD; 94 subjects evaluated prior to ERT start, 84 subjects evaluated after ERT start. The 
95% confidence intervals are shown. The dashed line represents the natural course extrapolated on the basis of natural course 
data. A total of 53 patients were evaluated for 6MWD and 88 patients were evaluated for FVC after initiation of ERT.

• Schoser et al., 2017: The authors screened 808 citations and assessed 19 for the long-term efficacy of ERT in 
patients with LOPD. A total of 298 patients on treatment and 153 patients without treatment informed 11 
individual studies that were reviewable for long term information on % predicted FVC. (Figure 2) By 
comparison, 201 patients (171 on treatment and 30 without placebo) informed 8 individual studies reviewable 
for long-term information on 6MWD. (Figure 2)
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Figure 2: Change in % Predicted FVC and 6MWD Over Time for Treated and Untreated Study Arms

Source: Schoser et al. (2017)
Each line represents a single study. ERT patients (black); Placebo (light grey). The size of the circles represents the
approximate sample sizes at each time point. On the left, the absolute change in percent predicted FVC over time among 
studies, including patients on (black lines) and not on (grey lines) treatment. On the right is the mean change (in meters) over 
time in distance walked, including patients on treatment (black lines) and not on treatment (grey lines). 

Modeling of the data represented in Figure 2 was used to estimate changes in time for %FVC (11 studies) or 
6MWT (8 studies) and is represented in Figure 3. These data appear to suggest a plateau or a slowing in 
improvement in the 6MWT over time, while the change in %FVC gradually decreased over time. Of note, these 
modeling data project to a shorter duration (40 months) than the patient data provided by Kuperus et al. in Figure 
1 (5 years).

Figure 3: Modeled Mean Changes in % Predicted FVC and 6MWT Over Time for Treated and Untreated -
Study Arms 

Source: Schoser et al. (2017)
ERT study arm (red); Placebo study arm (black) ; Dotted lines represent 95% confidence interval based on modeling. A total 
of 12 studies were used for modeling to estimate the change in FVC and a total of 8 studies were used to estimate the change 
in 6MWD (Studies were single lines in Figure 2)

In general, recent literature evaluating patients on long-term ERT for LOPD suggests that the ERT related functional 
improvement has limited durability, with an additional caveat that there may be wide variability in the trajectory of 
individual patient changes. The Sponsor states that there is an unmet medical need for patients with LOPD, as patients 
who have received alglucosidase alfa for an extended period will ultimately decline clinically on that treatment.
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Drug Mechanism:
ATB200/AT2221 is a drug-biologic combination product. The co-administration of AT2221 with ATB200 is 
hypothesized to stabilize ATB200 within the cells, thereby enhancing efficacy. Each component is described in more 
detail below:

ATB200 (rhGAA):
ATB200 is a recombinant form of the human enzyme acid -glucosidase (rhGAA) provided by IV infusion. It is 
an analog of wild-type (WT) human sequence. ATB200 was also engineered to contain higher amounts of 
mannose-6-phosephase (M6P) residues to increase affinity for the cation-dependent mannose-6-phosphate 
receptor (CI-MPR), compared to the mannose receptor. The Sponsor postulates that the increased percentage of 
Bis-M6P N-glycan residues in ATB200 improves cell surface receptor mediated internalization and targeted 
delivery to lysosomes.

By comparison, alglucosidase alfa (Myozyme and Lumizyme) contains three amino acid changes from the human 
WT sequence that have not impacted the specific activity of the protein. The majority of the alglucosidase alfa N-
glycan residues are non-phosphorylated. 

AT2221 (N-butyl-deoxynojirimycin):
Thermostability data suggest that AT2221 acts as a pharmacological chaperone of ATB200, improving enzyme 
stabilization and delivery to the lysosome (DARRTS Section 2.6.2 and Section 2.6.4). AT221 is an iminosugar 
with a composition identical to miglustat, the active ingredient in Zavesca, which was approved in 2003 for type 1 
Gaucher disease. It is an inhibitor of the glucosylceramide synthase, the initial enzyme in a series of reactions that 
inhibits the synthesis of most glycosphingolipids. Both AT2221 and Zavesca are administered orally. The impact 
of co-administration of AT2221 on alglucosidase alfa or ATB200 was previously assessed via thermostability 
assays. The data suggested that AT2221 may improve the stability of exogenous ERT in the neutral pH 
environment of blood and the Sponsor postulates that improved stability may result in improved efficacy in vivo. 
The Sponsor also evaluated the impact of ATB200 and/or AT2221 administration in Gaa knockout mice and 
observed the greatest decrease in tissue glycogen with ATB200 at 20 mg/kg and AT2221 at 10 mg/k. 

Based on the glycogen reduction data from the Gaa knockout mice, the Sponsor generated an exposure response curve as 
a function of the AT2221/ATB200 exposure ratio. The Sponsor chose the ratios of either 0.01 and 0.02 as optimal,  and 
doses of 233 mg and 466 mg ATT2221 co-administered with 20 mg/kg ATB200 in a 70-kg adult were identified based 
upon these ratios.3 A dosage of 260 mg AT2221 was chosen to co-administer with ATB200 infusions.

Relevant Regulatory History:
The Sponsor submitted their Breakthrough Therapy Designation Request on 4 December 2017. The relevant 
regulatory history for IND 127387 is summarized below in Table 1:

3 IND 127387, initial Clin Pharm review dated 12/22/2015 (Christine Hon)
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Table 1: IND 127387 Relevant Regulatory History
Date Type of 

Meeting
Concerns Addressed

6-Oct-2015 Pre-IND
Face-to-Face

The Division clarified to the Sponsor that ATB200/AT2221 is a drug/biologic combination 
product and provided advice regarding CMC, clinical pharmacology and trial design issues. 

31-Dec-2016 -- IND 127387 was considered safe to proceed.
13-Mar-2016 WRO The Agency provided suggestions regarding proposed manufacturing changes for ATB200 for 

comparability of batches. Additional recommendations for a face-to-face meeting were made.
25-Oct-2017 T-con Preliminary advice regarding a Breakthrough Therapy Designation Request (BTDR):

The Division commented upon the review of preliminary data and encouraged the sponsor to 
proceed with a formal BTDR submission. 

Source: DARRTS, IND 127387

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

The endpoints of six-minute walk test (6MWT) and % predicted forced vital capacity (FVC) are acceptable to the 
Division as both measure clinically relevant functions (ambulation, pulmonary function). They were the primary 
endpoints used for approval of Lumizyme (alglucosidase alfa) in 2010 for patients with LOPD (refer to Section 8 for 
details). 

Thus far, no biomarkers have been identified that the Division would consider likely to predict a clinical benefit for 
Pompe disease. 

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

Currently, Myozyme and Lumizyme (both alglucosidase alfa) are the only approved therapies to treat patients 
diagnosed with Pompe disease. Both products are enzyme replacement therapy (ERT) and both are manufactured by 
Sanofi Genzyme. Due to changes in manufacturing during the alglucosidase development program, their labeling 
indications are different.

• Myozyme: 
Myozyme was approved in 2006 for patients with IOPD as usage improved ventilator-free survival in patients 
who ranged from 1 month to 3.5 years of age at the time of initial infusion. Efficacy was assessed by 
comparing the proportion of patients who died or needed invasive ventilator support with the survival 
information of a historical cohort of untreated IOPD with similar disease age and severity. Historically, 
patients diagnosed with IOPD died by age two from disease related cardiopulmonary complications. 
Secondary outcome measures included unblinded assessments of motor function by the Alberta Infant Motor 
Scale (AIMS).4

• Lumizyme:
Lumizyme was approved in 2010 for patients 8 years of age who are diagnosed with LOPD without 
evidence of cardiac hypertrophy. Safety and efficacy were assessed in ambulatory patients aged 10 to 70 
years of age who did not require invasive ventilator support or non-invasive ventilation while awake. Patients 

4 Myozyme label (05/2014)
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were required to walk at least 40 meters in a 6MWT and have a forced vital capacity (FVC) between 30 and 
79% at baseline. Lumizyme was approved based upon the demonstration of a treatment effect relative to 
placebo of 3.4 % (95% CI: 1.3% to-5.5%) improvement in % predicted upright FVC and a 28-meter (95% CI: 
-1 to 52 meters) treatment effect in 6MWD.5 Durability of effect was noted over 12 months.

The greatest concern regarding the use of alglucosidase alfa is the effect of immunogenicity on efficacy long-
term. Most patients diagnosed with IOPD with severely low or no residual activity receive immunosuppressants 
to counter or prevent an immune mediated response to ERT. While in both IOPD and LOPD, treatment with 
alglucosidase alfa reduces the rate of disease progression, the literature (Refer to Section 6) suggests that 
following an initial improvement in respiratory and motor function, there is a slow down or decline after about 2-
3 years treatment.

9. A brief description of any drugs being studied for the same indication, or very similar indication, that 
  requested breakthrough therapy designation6. 

None, currently.

10. Information related to the preliminary clinical evidence: 

The Sponsor provided preliminary data from a single study (ATB200-02) in their request for Breakthrough Therapy 
Designation (Table 2). The study was an open-label, ascending-dose (ATB200), first-in-human study to assess the safety, 
tolerability and pharmacokinetics of IV infusion of ATB200 co-administered with ATB2221.  All patients were 
previously exposed to at least 3 years of ERT (alglucosidase alfa) and then switched over to an equivalent dose of 
Amicus’s -glucosidase (ATB200) IV infusions at enrollment (please note that the functional equivalence of the two -
glucosidase products has not been established). The IV dosing interval for ATB200 was every 2 weeks, consistent with 
the previous ERT dosing.  Oral administration of AT2221 was provided one hour prior to IV infusion (Table 3).

Eleven ambulatory adults were enrolled in Study ATB200-02. Prior to enrollment each subject was required to 
demonstrate a baseline ability to walk between 200 and 500 meters and an upright FVC between 30% and 80% predicted 
normal value. Study ATB200-02 did not have a comparator arm (either previous ERT, or AT2221 alone). (Table 3) At 
the time of BTDR, 11 subjects were still enrolled, aged 25 to 65 years. One subject discontinued the study after 
completion of Stage 2 (Table 3). One subject was not able to complete assessments for the 6MWT at months 6 and 9 and 
another subject did not have FVC data (due to faulty equipment, per the Sponsor).

5 Lumizyme label (05/2010)
6 Biweekly reports of all BTDRs, including the sponsor, drug, and indication, are generated and sent to all CPMSs.
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Table 2: Studies Reviewed for Consideration of Breakthrough Therapy Designation
Study Study Title N Duration Endpoints

ATB200-02 Open-label, fixed-sequence, ascending-dose, multicenter, international, 
first-in-human study to assess the safety, tolerability, PK/PD and 

efficacy of intravenous infusions of ATB200 co-administered with oral 
AT2221 in ERT-experienceda adult subjects with Pompe disease

11 Up to 12 
months

• 6MWT
• % pred FVC

Source: IND 127387 BTDR submitted 4 Dec 2017
a All patients described were ERT- experienced ambulatory subjects who had received alglucosidase alfa for 2- to 6-years prior to enrollment and 
could walk at least 200 meters in the 6-minute walk test (6MWT)

Table 3: Study ATB200-02 Description of Dose Escalation at Two Week Intervals 

Source: IND 127387 BTDR submitted 4 Dec 2017 (Table 2; page 12 of 47)

Data from nine subjects who received at least 6 months of exposure to both ATB200 and AT2221 (Stage 2 and Stage 3 of 
Study ATB200-02) were available for review. All patients had been previously exposed to alglucosidase alfa for at least 
3.14 years and no more than 6.42 years prior to study initiation. Study ATB200-02 did not include a run-in period, The 
Sponsor was able to provide at Division’s request pre-enrollment 6MWD for three patients of 9 patients. (Figure 4). 
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Other studies have noted that gains in 6MWD and FVC are not consistently parallel or of similar magnitude (Stepien et al 
2016, Kuperus et al 2017). 

Safety
Safety and tolerability were assessed in 20 patients who were exposed to ATB200/AT2221. The data submitted for review 
reflect a maximum of 72-weeks exposure with over 400 infusions of ATB200. No deaths occurred. The adverse events 
(AEs) reported in at least 15% of subjects were diarrhea, increased blood uric acid, tremor, headache, upper respiratory 
tract infection, nausea, muscle spasms, myalgia, back pain, fall, fatigue, flatulence, abdominal distension, abdominal pain, 
and pain in extremity.

Infusion associated reactions (IARs) were noted in two subjects who experienced a total of three events. One IAR 
occurred in a non-ambulatory ERT experienced subject who reported skin discoloration following infusion. By report, this 
subject experienced a similar IAR with previous therapy. Two events of IARs occurred in an ERT naïve subject who had 
hand pruritus, erythema and burning sensation. IARs were controlled with pre-medications.

In general, there were no new safety signals during this limited review and the reported AEs appeared to be consistent 
with anticipated AEs for both ATB200 and AT2221.

11. Division’s recommendation and rationale (pre-MPC review):
 GRANT :

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

   DENY: 

Provide brief summary of rationale for denial: 

The Division does not recommend that breakthrough therapy designation be granted to ATB200/AT2221. While the 
literature suggests that patients with LOPD who have received ERT may demonstrate a slowdown in 6MWD over time, 
individual patients may not decline at the same velocity. The lack of a concurrent control, the absence of reliable pre-
treatment information or any pre-treatment information for most patients, the expected variability of the assessment 
(6MWD), and the uncertainties related to a comparison with the literature data without appropriate matching, make data 
interpretation extremely challenging if not speculative. Therefore, without a reliable comparator arm, it is difficult to 
attribute the improvements noted in some patients in study ATB200-02 to the effects of ATB200/AT222.

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

a. If recommendation is to grant the request, explain next steps and how the Division would advise the sponsor (for 
example, plans for phase 3, considerations for manufacturing and companion diagnostics, considerations for 
accelerated approval, recommending expanded access program): 
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b. If recommendation is to deny the request and the treatment looks promising, explain how the Division would 
advise the sponsor regarding subsequent development, including what would be needed for the Division to 
reconsider a breakthrough therapy designation:

We continue to work closely with the sponsor on this drug development program. The Sponsor has submitted written 
questions regarding the planned phase 3 study in patients with LOPD for this product. It is currently under review with an 
anticipated telephone conference for additional discussion in April 2018.

As ATB200/AT2221 is a drug-biologic combination product, the Sponsor has been advised regarding the necessary 
elements for a marketing submission, including the need to evaluate of the contribution of the individual components 
along with the combination in the LOPD population. 

Upon multidisciplinary review of the submitted protocol, more specific commentary will be provided to the Sponsor.
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14. Is the Division requesting a virtual MPC meeting via email in lieu of a face-to-face meeting? YES  NO 

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

Grant Breakthrough Therapy Designation  
Deny Breakthrough Therapy Designation
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