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Amicus Therapeutics
Attention: Vivian Kessler, RAC
Director, Regulatory Affairs
1 Cedar Brook Drive
Cranberry, NJ 08512

Dear Ms. Kessler:

Please refer to your Investigational New Drug Application (IND) submitted under section 505(i) of 
the Federal Food, Drug, and Cosmetic Act for migalastat hydrochloride (AT1001).

We also refer to the meeting between representatives of your firm and the FDA on September 9, 
2015.  The purpose of the meeting was to discuss the content and format of an NDA for 
migalastat.

A copy of the official minutes of the meeting is enclosed for your information.  Please notify us 
of any significant differences in understanding regarding the meeting outcomes.

If you have any questions, call Jessica Benjamin, Regulatory Project Manager at (301) 796-3924.

Sincerely,

{See appended electronic signature page}

Donna Griebel, MD
Director
Division of Gastroenterology and Inborn Errors 
Products
Office of Drug Evaluation III
Center for Drug Evaluation and Research

Enclosure:
Meeting Minutes
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FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

MEMORANDUM OF MEETING MINUTES

Meeting Type: B
Meeting Category: Pre-NDA

Meeting Date and Time: September 9, 2015, 10:30 – 11:30 AM
Meeting Location: White Oak Building 22, Room 1315

Application Number: IND 068456
Product Name: migalastat HCl
Indication: treatment of patients with Fabry disease who have an amenable 

mutation in the GLA gene
Sponsor/Applicant Name: Amicus Therapeutics

Meeting Chair: Donna Griebel, MD
Meeting Recorder: Jessica M. Benjamin, MPH

FDA ATTENDEES
Office of Drug Evaluation III
Julie Beitz, MD, Director
Amy Egan, MD, MPH, Deputy Director

Division of Gastroenterology and Inborn Errors Products
Donna Griebel, MD, Director
Dragos Roman, MD, Associate Director
Laurie Muldowney, MD, Acting Medical Team Leader
Preeti Venkataraman, MD, Medical Reviewer
David Joseph, PhD, Nonclinical Team Leader
Jessica Benjamin, MPH, Senior Regulatory Project Manager

Office of Clinical Pharmacology/Division of Clinical Pharmacology III
Insook Kim, PhD, Clinical Pharmacology Reviewer

Office of Biostatistics/Division of Biostatistics III
Yeh-Fong Chen, PhD, Statistics Team Leader
Min Min, PhD, Statistics Reviewer

Center for Devices and Radiological Health 
Aaron Schetter, PhD, Senior Staff Fellow
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Office of Surveillance and Epidemiology, Division of Epidemiology I
Kira Leishar, PhD, Epidemiologist

Office of Scientific Investigations
Susan Leibenhaut, MD, Medical Officer

Office of Clinical Pharmacology, Pharmacogenomics and Targeted Therapy Group, 
Sarah Dorff, PhD, Biologist
Christian Grimstein, PhD, Acting Team Leader

Clinical Outcome Assessments Staff
Elektra Papadopoulos, MD, Acting Director
Michelle Campbell, PhD, Social Science Analyst

EASTERN RESEARCH GROUP ATTENDEES
Peggah Khorrami, Independent Assessor

SPONSOR ATTENDEES
Jay Barth, MD, Chief Medical Officer
Jeffrey P. Castelli, PhD, Senior Vice President, Program Management
John R. Kirk, ScD, Vice President, Regulatory Affairs & Quality Assurance
Dunni Odumosu, MS, Manager, Regulatory Affairs
Kim Pendino, PhD, Senior Director, Toxicology
Allen Reha, MS, Vice President, Program Management
Nina Skuban, MD, Director, Clinical Research
Min Yao, MS, Director, Biostatistics

1.0 BACKGROUND
Fabry disease is an X-linked lysosomal storage disorder. Currently, Fabrazyme® is the only 
treatment option available in the U.S. Migalastat is a low molecular weight, small molecule 
competitive inhibitor of α-Gal A enzyme that reversibly binds to the active site of the enzyme, 
imparting stability and helping restore proper trafficking from the endoplasmic reticulum to 
lysosomes. It dissociates at the low pH of lysosomes in the presence of excess substrate, 
allowing catalytically-competent forms of α-Gal A to catalyze the degradation of GL-3. 
Migalastat is being developed for the treatment of Fabry disease. The proposed indication is for 
use in patients with Fabry disease who have an amenable mutation in the GLA gene.

On July 9, 2015, Amicus requested a Pre-NDA meeting to discuss the content and format of the 
nonclinical and clinical sections of the NDA for migalastat HCl.  The meeting was granted and 
was scheduled for September 9, 2015.  Previous guidance meetings held in July 2012, May 2013, 
and March 2015, discussed available clinical data, a plan to analyze Stage 2 data, and the 
planned content and options for an NDA submission.
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FDA sent Preliminary Comments to Amicus on September 8, 2015.

2.0 DISCUSSION
FDA Introductory Comments: 
Based on the information provided, we cannot agree with your proposed plan for 
submitting a marketing application under subpart H at this time. We refer you to the 
March 17, 2015 meeting minutes, whereby you were advised to evaluate gastrointestinal 
(GI) symptoms as a clinical endpoint in a new Fabry disease trial (in addition to clearance 
of GL-3 from renal tissue).  This approach was discussed during the March meeting as 
potentially representing a path forward, as improvement in GI symptoms could provide 
evidence of clinical benefit and could support regular approval.  Please be prepared to 
explain your current position, which is contrary to the advice given at the March 2015 
meeting.

We remind you that evidentiary criteria for accelerated approval must meet the same 
statutory standards for safety and effectiveness as those granted traditional approval.  For 
effectiveness, the standard is substantial evidence based on adequate and well-controlled 
investigations. The efficacy results for the pivotal trial AT1001-011 demonstrate that 
neither the primary efficacy endpoint nor other study endpoints (e.g., percent change in 
kidney GL-3, percent interstitial capillaries without visible inclusions, urine GL-3, etc.) for 
the Stage 1 portion of the trial achieved statistical significance.  The results of the Stage 1 
efficacy analyses of patients with amenable mutations based on the GLP HEK assay can 
only be deemed exploratory because they were conducted post hoc, and therefore cannot be 
used to establish efficacy.  In addition, as discussed during the March 2015 meeting, you 
have not provided sufficient evidence to support reliance on reduction in GL-3 deposition 
in renal interstitial capillaries as a surrogate endpoint that is reasonably likely to predict 
clinical benefit, and therefore this endpoint cannot be used to support traditional or 
accelerated approval of a marketing application. [We refer you to the guidance for 
industry Expedited Programs for Serious Conditions – Drugs and Biologics, 
(http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/u
cm358301.pdf)].   

Trial AT1001-012 assessed a co-primary endpoint, as well as multiple secondary endpoints, 
however, it does not appear that this study was powered to test a specific statistical 
hypothesis and would not be considered an adequate and well-controlled study to 
demonstrate the efficacy of your product.

As stated in the March 17, 2015 meeting minutes, we acknowledge the challenge in 
demonstrating clinical benefit in a slowly progressive disease such as Fabry disease, 
particularly in a small patient population.  We continue to strongly recommend that you 
assess the impact of migalastat on GI symptoms associated with Fabry disease during the 
premarketing period. We encourage you to further evaluate the effect of migalastat on 
gastrointestinal (GI) symptoms in a new Fabry disease controlled trial.  Evaluating GI 
symptoms as endpoints in a Fabry disease trial (in addition to clearance of GL-3 from renal 
tissue) may represent a path forward, as improvement in GI symptoms could provide 
evidence of clinical benefit and could support regular approval.
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Discussion:
The Sponsor opened the meeting by explaining their current position of pursuing subpart H 
approval.  Specifically, the Sponsor stated they believed after the March 2015 meeting that 
reduction in GL-3 is an acceptable endpoint under subpart H and that the Division’s 
recommendations for a GI study were recommendations for a phase 4 confirmatory study.  The 
Division reiterated their strong concerns about the proposed approach to pursue subpart H, based 
both on the failed primary efficacy analysis of the pivotal trial and doubts that the primary 
endpoint is reasonably likely to predict clinical benefit. The Division indicated that the results 
observed in the subgroup of patients with amenable mutations are encouraging but will need to 
be confirmed in a clinical trial that enrolls only such patients (who represent the target 
population for which the drug is intended) and prospectively confirms these initial observations.  
These issues, particularly the proposed surrogate, make success with a subpart H application 
highly unlikely.  The Sponsor described positive findings (nominally statistically significant) 
from their analyses of the diarrhea subscale in study AT1001-011. The Division continued to 
recommend that the Sponsor conduct a new clinical trial to evaluate the effect of migalasat on GI 
symptoms in Fabry disease, as a pathway to regular approval.  The Division emphasized a 
willingness to be collaborative and flexible in the development and implementation of an 
appropriate  instrument for such a trial and reiterated that a GI trial was the path most likely 
to get the product to market. There were no agreements made during the meeting.

DGIEP stated that they had met with representatives from the Division of Cardiorenal Products 
to discuss the cardiovascular and renal endpoints from the Sponsor’s completed trials. Consistent 
with the advice the Sponsor was provided at the March 2015 meeting, there remain limitations to 
the cardiovascular and renal endpoints assessed (i.e., eGFR based on the MDRD and CKD-EPI 
equations, mGFR based on iohexol clearance, LVMi, composite clinical events) in the phase 3 
trials.  DGIEP continues to recommend that the Sponsor further evaluate the effect of migalastat 
on gastrointestinal (GI) symptoms in a new Fabry disease controlled trial, prior to approval. 

Statistical Post-Meeting Comments: 

Study AT1001-011 did not demonstrate a statistically significant reduction in kidney IC GL-3 in 
Stage 1. We remind you that the primary efficacy analysis failed (p-value of 0.3) and based on 
the described statistical plan there is no alpha left for any further testing, including the analysis 
of change in percentage of renal interstitial capillaries with zero GL-3 inclusions, even though it 
has a p-value of 0.042.  Finally, in stage 2 of Study AT1001-011, any statistical analysis results 
can only be considered observational since there’s no concurrent control group available for 
comparison. In summary, Study AT1001-011 cannot be used for any efficacy claim.

Question 1. Does the Division agree that the scope of the nonclinical program is sufficient to 
support filing of an NDA submission?
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FDA Response: 
Yes, we agree.

Discussion: 
No further discussion.

Question 2. Does the Division agree that the current standard of care in the US includes 
reliable determination of GLA genotype in Fabry patients, and that PMA 
approval of a new companion diagnostic genotyping assay is not required?

FDA Response: 
FDA agrees that sequencing of the GLA gene is part of the diagnostic workup for Fabry 
disease, and that a companion diagnostic may not be required.

However, we continue to have concerns regarding the acceptability of the HEK-293 cell-
based assay in establishing a pharmacogenetic reference table for AT1001. Defining 
treatment amenable mutations for therapeutic decision-making based on the HEK in vitro 
cell based assay, with the proposal to use and periodically revise the reference table with 
data from this assay without supportive clinical data, is not acceptable.  We have the 
following additional concerns: 

 It is not clear if a 1.2-fold above baseline and 3% absolute increase in enzyme 
activity in a single cell line is sufficient to identify patients who would be expected to 
have clinical benefit with your product.  You state that “the categorization by the 
GLP HEK assay as an amenable mutation is highly predictive of clinical changes in 
substrate, renal interstitial capillary GL-3, and plasma lyso-Gb3”.  However, we do 
not agree, as changes in renal interstitial capillary GL-3 and plasma lyso-Gb3 have 
not been strongly associated with a clinically meaningful improvement in signs 
and/or symptoms of Fabry.  In addition, the comparisons of α-Gal A activity in the 
GLP HEK assay were made to reductions in male interstitial capillary GL-3.  
Therefore, this change was demonstrated in only a subset of the intended 
population.

 You have also not yet provided compelling evidence that the HEK-293 assay can 
predict clinically meaningful subgroups, and clinical endpoints which could be used 
to assess patient response do not appear to have been formally studied to date. 

Discussion: 
No further discussion.

Question 3. Does the Division consider the integrated safety analyses described in the SAP to 
be acceptable?
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FDA Response: 
You will need to provide an integrated summary of safety for phase 2 and phase 3 studies.  
The proposed pooling strategies for the ISS appear appropriate; however, the presentation 
in your tables should also include the results of all of individual studies, juxtaposed to the 
combined analyses.  Pooled analyses enhance the power to detect an association between 
product use and an event, and provide more reliable estimates of the magnitude of risk 
over time.  Pooled analyses can also provide insight into a positive signal observed in a 
single study by allowing a broader comparison.  Please note that you still need to submit 
the safety data of the individual studies in addition to an integrated summary of clinical 
safety.  The following additional recommendations are for your consideration:

 The pooling strategies should be based on the safety population rather than your 
proposal to include only studies in which subjects received “migalastat HC1 150 mg 
QOD and have data post-baseline”.

 Conduct safety analyses including and not including study AT1001-003.  
 Statistically adjust for any possible carryover effects of treatment.

Discussion: 
No further discussion.

Question 4. Does the Division consider the plan to present the integrated efficacy and safety 
analyses only within Module 2, Sections 2.7.3 and 2.7.4 of the eCTD, to be 
acceptable?

FDA Response: 
Your plan to present the integrated efficacy and safety analyses only within Module 2, 
Sections 2.7.3 and 2.7.4 of the eCTD  may be acceptable.  However, should the details of 
analyses from more than one study be extensive, they should be presented in Section 
5.3.5.3, rather than in a summary document. 

Discussion: 
No further discussion.

Question 5. For all Phase 1 studies, Amicus plans to submit the source and analysis datasets, 
in compliance with the SDS 2.0 guidance.  All SDS data will be submitted in XPT 
format accompanied by the source annotated Case Report Form (CRF), and 
define.pdf with the Reviewer’s Guide.  Does the Division agree?

FDA Response:
Your approach seems acceptable. For those studies using SDTM data and ADAM data, 
please submit both define.pdf and define.xml files (if using define-xml v1.0). If you are 
planning on using v2.0, the single define.xml file will be sufficient. 

Discussion: 
No further discussion.
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Question 6. As the Phase 2 analysis datasets were derived from the source SDS datasets, both 
SDTM datasets and the SDS datasets will be provided for traceability of data 
from the source datasets through to the integrated SDTM datasets.  For the Phase 
2 studies (FAB-CL-201, FAB-CL-202, FAB-CL-203, FAB-CL-204, and FAB-CL-
205), Amicus plans to submit SDTM v3.1.3 data packages as well as SDS 
datasets, as the SDS analysis datasets are derived from SDS source datasets.  
Does the Division agree?

FDA Response:
Yes, this is acceptable.

Discussion: 
No further discussion.

Question 7. For the Phase 3 studies (AT1001-011, AT1001-12, and AT1001-41), Amicus plans 
to submit the source datasets in CDISC-SDTM compliant format (version 3.1.3), 
and the analysis datasets in CDISC AdaM compliant format (version 1.0).  All 
SDTM and ADaM datasets will be submitted in XPT format accompanied by the 
CRF annotated to the SDTM and define.xml with the Reviewer’s Guide.  Does the 
Division agree?

FDA Response:
Your approach is acceptable.

Discussion: 
No further discussion.

Question 8. For the completed Phase 3 study AT1001-011, final SDTMs and ADaMs and SAS 
programs for the ADaMs will be submitted with the Clinical Study Report (CSR) 
in the study-specific folder in Module 5, Section 5.3.5.1. Does the Division agree?

FDA Response:
This is acceptable. Please note that any programs submitted should be submitted as ASCII-
formatted files.

Discussion:
No further discussion.

Question 9. The Phase 3 study AT1001-012 has been completed through the 18-month 
randomized treatment phase that provides a comparison to Enzyme Replacement 
Therapy, and an 18-month interim CSR has been completed based on the 18-
month locked database. The OLE phase of the study will be ongoing at time of 
submission. Amicus plans to submit the 18-month SDTM datasets, ADaM 
datasets, and SAS programs for the ADaM datasets with interim CSR in the study-
specific folder in Module 5, Section 5.3.5.1. Does the Division agree?
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FDA Response:
The approach works from the data standard point. Please also submit the define.xml along 
with the data, data reviewer’s guide and analysis data reviewer’s guide. Please also consult 
with the review team regarding the data contents.

Discussion: 
No further discussion.

Question 10. For the integrated summaries of efficacy and safety, Amicus plans to submit the 
integrated dataset domains in CDISC-SDTM compliant format (version 3.1.3), 
and the analysis datasets in CDISC ADaM compliant format (version 1.0). All 
SDTM and ADaM datasets will be submitted in XPT format accompanied by the 
define.xml with the Reviewer’s Guide and SAS programs for the ADaM datasets. 
Does the Divison agree?

FDA Response:
This is acceptable. Any programs submitted should be submitted as ASCII-formatted files. 
Also, in the Reviewer’s Guide, indicate where old versions have been up-versioned to a 
newer version (e.g. MedDRA) and any issues during conversion.

Discussion: 
No further discussion.

Question 11. Amicus does not plan to submit the study-level trial design domains (TA, TE, TI, 
TS, TV, SE, & SV) for Phase 3 studies (AT1001-011, AT1001-012, and AT1001-
041) and Phase 2 studies (FAB-CL-201, FAB-CL-202, FAB-CL-203, FAB-CL-
204, and FAB-CL-205), as they will be pooled for the integrated summaries of 
efficacy and safety analyses. Does the Division agree?

FDA Response:
No, this is not acceptable.  Although you have pooling data for the ISS/ISE, as per the 
recently published Study Data Technical Conformance Guide, the Agency prefers that 
Sponsors include “Trial Design datasets for all SDTM submissions as a way to describe the 
planned conduct of a clinical trial.” This information is important for review and data 
management process.

Discussion: 
No further discussion.

Question 12. Amicus plans to include CRFs for any patient that died or discontinued due to an 
AE with the appropriate study report in Module 5 of the eCTD. All CRFs will be 
available to the Division upon request.  Does the Division agree?

FDA Response: 
Yes, we agree.
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on GI symptoms in a new Fabry disease controlled trial pre-approval. These symptoms 
commonly occur in Fabry patients, and among pediatric patients, GI symptoms due to 
Fabry disease may be more prevalent than renal or cardiac disease. During a recent ERT 
shortage, patients who reduced or discontinued ERT dosing developed worsening of GI 
symptoms within a few weeks to months.1 Thus, the effects of a novel treatment on GI 
symptoms could be demonstrated relatively rapidly with an appropriate clinical trial 
design (e.g., randomized placebo-controlled, randomized withdrawal) in an appropriate 
population (e.g., patients with amenable mutations or patients who demonstrate a 
pharmacodynamic response to therapy). 

We are not able to give specific recommendations about the currently proposed GI and CV 
studies at this time, as only a protocol synopsis was provided for review.  However, the 
following comments are provided for your consideration:

 We agree with daily assessment of GI related symptoms, however, we do not agree 
with the change from baseline to Month 6 between migalastat and placebo as the 
primary endpoint.  The primary efficacy analysis should be a comparison of the 
response rates between migalastat and placebo, where a responder is prospectively 
described in the protocol.  The definition of an overall responder should be built 
upon the definition of a daily or weekly responder (i.e., an overall responder must 
achieve the prespecified improvement in daily response for a certain percentage of 
days of treatment). 

 The Agency has developed guidance regarding the use of patient or observer 
reported outcomes as clinical endpoints, including a disease-specific guidance on 
irritable bowel syndrome (IBS). In a recent review article, Hoffman et al  point out 
that the gastrointestinal symptomatology of Fabry disease is very similar to 
diarrhea-predominant IBS.  We refer you to the guidance for Irritable Bowel 
Syndrome – Clinical Evaluation of Drugs for Treatment for additional information 
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation
/Guidances/UCM205269.pdf).  Before conducting clinical trials in the future, we 
would encourage you to identify gastrointestinal and other symptoms of Fabry 
disease patients that may respond to treatment. Identification of symptoms that may 
show treatment benefit through qualitative research in the target patient population 
would assist in the selection of an adequate instrument(s) to measure symptom 
improvement.  We welcome an additional meeting with the Clinical Outcome 
Assessment Staff (formerly SEALD) team involvement to give specific guidance 
regarding a GI trial in Fabry.

We do not believe that the proposed registry-based study to evaluate the effect of 
migalastat on cardiac, cerebrovascular, and renal events would be able to verify the benefit 
of your therapy. Our concerns are as follows:

 Your proposed study is not a randomized-controlled trial.  The proposed study will 
not adequately control bias and ensure sufficient similarity at baseline between the 

1 Weidemann, F et. al. Patients with Fabry Disease after Enzyme Replacement Therapy Dose Reduction Versus 
Treatment Switch.  J Am Soc Nephrol 25: 837–849, 2014.
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migalastat and no-treatment control arm. Hence, we do not think the study will be 
interpretable.

 In general, the number of subjects in a clinical trial and the duration of follow up 
should be sufficient to detect a clinically relevant treatment effect. We question 
whether your study has sufficient power to verify a potential benefit of your 
therapy.

 Your proposed composite clinical endpoint includes events of obvious clinical 
importance (i.e., stroke, end-stage kidney disease requiring long-term dialysis or 
transplantation) as well as endpoints of unclear clinical significance (i.e., 
palpitations documented by a physician). We recommend that the latter be 
excluded.

Discussion: 
See Discussion under FDA Introductory Comments.

Additional comments:

Clinical Pharmacology:  We request that you include the summary and list of non-clinical 
studies using human materials such as Caco-2 cells, liver microsomes in Module 5 with 
hyperlinks to the supporting studies. 

Discussion: 
No further discussion.

The following comments in Sections 3.0 through 7.0 are standard recommendations to 
Sponsors seeking advice on the content and format of an NDA that we are sharing with you 
for the purpose of future submissions.  Similarly, our responses to Questions 3-12; 14 and 
15 above are not an endorsement of your proposed submission plan, rather these responses 
are provided for the purpose of future submissions.  We reiterate our recommendation 
above to conduct a new clinical trial prior to submission of a marketing application. 

3.0 DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION
 The content of a complete application was not discussed. 

 All applications are expected to include a comprehensive and readily located list of all 
clinical sites and manufacturing facilities included or referenced in the application.

 A preliminary discussion on the need for a REMS was included in the preliminary 
comments, issued on September 8, 2015.  Based on the information currently available, 
we do not believe that a REMS will be necessary. We will make a final determination 
for the need of a REMS during the review of a future application. 

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

4.0 PREA REQUIREMENTS 
Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients (which includes new salts and new fixed combinations), new indications, new 
dosage forms, new dosing regimens, or new routes of administration are required to contain an 
assessment of the safety and effectiveness of the product for the claimed indication(s) in 
pediatric patients unless this requirement is waived, deferred, or inapplicable.  

Because this drug product for this indication has an orphan drug designation, you are exempt 
from these requirements.  If there are any changes to your development plans that would cause 
your application to trigger PREA, your exempt status would change.

5.0 PRESCRIBING INFORMATION
In your application, you must submit proposed prescribing information (PI) that conforms to the 
content and format regulations found at 21 CFR 201.56(a) and (d) and 201.57 including the 
Pregnancy and Lactation Labeling Rule (PLLR) (for applications submitted on or after June 30, 
2015).  As you develop your proposed PI, we encourage you to review the labeling review 
resources on the PLR Requirements for Prescribing Information and PLLR Requirements for 
Prescribing Information websites including:

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

 The Final Rule (Pregnancy and Lactation Labeling Rule) on the content and format of 
information related to pregnancy, lactation, and females and males of reproductive 
potential in the PI for human drug and biological products

 Regulations and related guidance documents 
 A sample tool illustrating the format for Highlights and Contents, and 
 The Selected Requirements for Prescribing Information (SRPI) − a checklist of 42 

important format items from labeling regulations and guidances.  
 FDA’s established pharmacologic class (EPC) text phrases for inclusion in the Highlights 

Indications and Usage heading.

Prior to submission of your proposed PI, use the SRPI checklist to ensure conformance with the 
format items in regulations and guidances.  

6.0 MANUFACTURING FACILITIES
To facilitate our inspectional process, we request that you clearly identify in a single location, 
either on the Form FDA 356h, or an attachment to the form, all manufacturing facilities 
associated with your application.  Include the full corporate name of the facility and address 
where the manufacturing function is performed, with the FEI number, and specific 
manufacturing responsibilities for each facility.
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Also provide the name and title of an onsite contact person, including their phone number, fax 
number, and email address.  Provide a brief description of the manufacturing operation 
conducted at each facility, including the type of testing and DMF number (if applicable).  Each 
facility should be ready for GMP inspection at the time of submission.

Consider using a table similar to the one below as an attachment to Form FDA 356h.  Indicate 
under Establishment Information on page 1 of Form FDA 356h that the information is provided 
in the attachment titled, “Product name, NDA/BLA 012345, Establishment Information for Form 
356h.”

Site Name Site Address

Federal
Establishment

Indicator
(FEI) or

Registration
Number
(CFN)

Drug
Master

File
Number

(if 
applicable)

Manufacturing Step(s)
or Type of Testing 

[Establishment 
function]

1.
2.

Corresponding names and titles of onsite contact:

Site Name Site Address Onsite Contact 
(Person, Title)

Phone and 
Fax 

number
Email address

1.
2.

7.0 Office of Scientific Investigations (OSI) Requests 
The Office of Scientific Investigations (OSI) requests that the following items be provided to 
facilitate development of clinical investigator and sponsor/monitor/CRO inspection assignments, 
and the background packages that are sent with those assignments to the FDA field investigators 
who conduct those inspections (Item I and II).  This information is requested for all major trials 
used to support safety and efficacy in the application (i.e., phase 2/3 pivotal trials).  Please note 
that if the requested items are provided elsewhere in submission in the format described, the 
Applicant can describe location or provide a link to the requested information.

The dataset that is requested in Item III below is for use in a clinical site selection model that is 
being piloted in CDER.  Electronic submission of the site level dataset is voluntary and is 
intended to facilitate the timely selection of appropriate clinical sites for FDA inspection as part 
of the application and/or supplement review process.  
This request also provides instructions for where OSI requested items should be placed within an 
eCTD submission (Attachment 1, Technical Instructions: Submitting Bioresearch Monitoring 
(BIMO) Clinical Data in eCTD Format).
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I. Request for general study related information and comprehensive clinical investigator 
information (if items are provided elsewhere in submission, describe location or provide 
link to requested information).

1. Please include the following information in a tabular format in the original NDA for each 
of the completed pivotal clinical trials:
a. Site number
b. Principal investigator
c. Site Location: Address (e.g., Street, City, State, Country) and contact information 

(i.e., phone, fax, email)
d. Location of Principal Investigator: Address (e.g., Street, City, State, and Country) and 

contact information (i.e., phone, fax, email).  If the Applicant is aware of changes to a 
clinical investigator’s site address or contact information since the time of the clinical 
investigator’s participation in the study, we request that this updated information also 
be provided.

2. Please include the following information in a tabular format, by site, in the original NDA 
for each of the completed pivotal clinical trials:
a. Number of subjects screened at each site 
b. Number of subjects randomized at each site 
c. Number of subjects treated who prematurely discontinued for each site by site 

3. Please include the following information in a tabular format in the NDA for each of the 
completed pivotal clinical trials:
a. Location at which sponsor trial documentation is maintained (e.g., , monitoring plans 

and reports, training records, data management plans, drug accountability records, 
IND safety reports, or other sponsor records as described ICH E6, Section 8).  This is 
the actual physical site(s) where documents are maintained and would be available for 
inspection

b. Name, address and contact information of all Contract Research Organization (CROs) 
used in the conduct of the clinical trials and brief statement of trial related functions 
transferred to them.  If this information has been submitted in eCTD format 
previously (e.g., as an addendum to a Form FDA 1571, you may identify the 
location(s) and/or provide link(s) to information previously provided.

c. The location at which trial documentation and records generated by the CROs with 
respect to their roles and responsibilities in conduct of respective studies is 
maintained.  As above, this is the actual physical site where documents would be 
available for inspection.

4. For each pivotal trial, provide a sample annotated Case Report Form (or identify the 
location and/or provide a link if provided elsewhere in the submission). 

5. For each pivotal trial provide original protocol and all amendments ((or identify the 
location and/or provide a link if provided elsewhere in the submission).

II. Request for Subject Level Data Listings by Site
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1. For each pivotal trial: Site-specific individual subject data listings (hereafter referred to as 
“line listings”).  For each site, provide line listings for:
a. Listing for each subject consented/enrolled; for subjects who were not randomized to 

treatment and/or treated with study therapy, include reason not randomized and/or 
treated

b. Subject listing for treatment assignment (randomization)
c. Listing of subjects that discontinued from study treatment and subjects that 

discontinued from the study completely (i.e., withdrew consent) with date and reason 
discontinued

d. Listing of per protocol subjects/ non-per protocol subjects and reason not per protocol
e. By subject listing of eligibility determination (i.e., inclusion and exclusion criteria)
f. By subject listing, of AEs, SAEs, deaths and dates
g. By subject listing of protocol violations and/or deviations reported in the NDA, 

including a description of the deviation/violation
h. By subject listing of the primary and secondary endpoint efficacy parameters or 

events.  For derived or calculated endpoints, provide the raw data listings used to 
generate the derived/calculated endpoint.

i. By subject listing of concomitant medications (as appropriate to the pivotal clinical 
trials)

j. By subject listing, of testing (e.g., laboratory, ECG) performed for safety monitoring

2. We request that one PDF file be created for each pivotal Phase 2 and Phase 3 study using 
the following format:

III. Request for Site Level Dataset:
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OSI is piloting a risk based model for site selection.  Voluntary electronic submission of site 
level datasets is intended to facilitate the timely selection of appropriate clinical sites for FDA 
inspection as part of the application and/or supplement review process.  If you wish to 
voluntarily provide a dataset, please refer to the draft Guidance for Industry Providing 
Submissions in Electronic Format – Summary Level Clinical Site Data for CDER’s Inspection 
Planning” (available at the following link 
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequire
ments/UCM332468.pdf ) for the structure and format of this data set.  

Attachment 1

Technical Instructions:  
Submitting Bioresearch Monitoring (BIMO) Clinical Data in eCTD Format

A. Data submitted for OSI review belongs in Module 5 of the eCTD.  For items I and II in 
the chart below, the files should be linked into the Study Tagging File (STF) for each 
study.  Leaf titles for this data should be named “BIMO [list study ID, followed by brief 
description of file being submitted].”  In addition, a BIMO STF should be constructed 
and placed in Module 5.3.5.4, Other Study reports and related information.  The study ID 
for this STF should be “bimo.”  Files for items I, II and III below should be linked into 
this BIMO STF, using file tags indicated below.  The item III site-level dataset filename 
should be “clinsite.xpt.”

DSI Pre-
NDA 

Request 
Item2

STF File Tag Used For Allowable 
File 

Formats

I data-listing-dataset Data listings, by study .pdf
I annotated-crf Sample annotated case 

report form, by study
.pdf

II data-listing-dataset Data listings, by study
(Line listings, by site)

.pdf

III data-listing-dataset Site-level datasets, across 
studies

.xpt

III data-listing-data-definition Define file .pdf

B. In addition, within the directory structure, the item III site-level dataset should be placed 
in the M5 folder as follows:

2 Please see the OSI Pre-NDA/BLA Request document for a full description of requested data files
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C. It is recommended, but not required, that a Reviewer’s Guide in PDF format be included.  
If this Guide is included, it should be included in the BIMO STF.  The leaf title should be 
“BIMO Reviewer Guide.”  The guide should contain a description of the BIMO elements 
being submitted with hyperlinks to those elements in Module 5.  

References:

eCTD Backbone Specification for Study Tagging Files v. 2.6.1 
(http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequire
ments/ElectronicSubmissions/UCM163560.pdf)

FDA eCTD web page 
(http://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirements/Elect
ronicSubmissions/ucm153574.htm)

For general help with eCTD submissions:  ESUB@fda.hhs.gov

8.0 ISSUES REQUIRING FURTHER DISCUSSION
A follow-up teleconference will be scheduled to discuss the items not addressed during the 
meeting, to include GLA genotyping and the proposed HEK assay.

9.0 ACTION ITEMS
There were no action items identified during the meeting.  

10.0 ATTACHMENTS AND HANDOUTS
There were no attachments or handouts for the meeting minutes.
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Amicus Therapeutics, Inc. 
Attention:  Mara Furlow, M.S., RAC 
Regulatory Affairs 
6 Cedar Brook Drive 
Cranbury, NJ  08512 
 
 
Dear Ms. Furlow: 
 
Please refer to your Investigational New Drug Application (IND) submitted under section 505(i) 
of the Federal Food, Drug, and Cosmetic Act for AT1001 (migalastat hydrochloride). 
 
We also refer to the meeting between representatives of your firm and the FDA on  
June 17, 2008.  The purpose of the meeting was to discuss the results from the Phase 1 and 2 
clinical trials, and the proposed Phase 3 development plan. 
 
A copy of the official minutes of the meeting is attached for your information.  Please notify us 
of any significant differences in understanding regarding the meeting outcomes. 
 
If you have any questions, call me at (301) 796-1007. 
 

Sincerely, 
 
{See appended electronic signature page} 
 
Cristi L. Stark, M.S. 
Regulatory Health Project Manager 
Division of Gastroenterology Products 
Office of Drug Evaluation III 
Center for Drug Evaluation and Research 

 
 
Enclosure  - Meeting Minutes 
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MEMORANDUM OF MEETING MINUTES 
 
 
MEETING DATE:   June 17, 2008 
TIME:    10:00am EDT 
LOCATION:   CDER WO Bldg 22, Rm 1415 
APPLICATION:   68,456 
DRUG NAME:  migalastat hydrochloride 
TYPE OF MEETING:  Type B 
 
MEETING CHAIR:  Anne Pariser, MD 
 
MEETING RECORDER: Cristi Stark 
 
FDA ATTENDEES: (Title and Office/Division) 
 

Cristi Stark, MS, Regulatory Health Project Manager, Division of Gastroenterology 
Products (DGP) 
Anne Pariser, MD, Medical Team Leader, DGP 
Insook Kim, PhD, Clinical Pharmacology Reviewer, Division of Clinical Pharmacology 3 
(DCP3) 
Sushanta Chakder, PhD, Pharmacotoxicology Team Leader, DGP 
Sue Chih Lee, PhD, Clinical Pharmacology Team Leader, DCP3 
Fang Cai, PhD, Pharm/Tox Reviewer, DGP 
Mike Welch, PhD, Statistical Team Leader, Division of Biometrics 3 (DB3) 
Donna Griebel, MD, Director, DGP 
Henry Startzman, MD, Medical Officer, Office of Orphan Products Development 
(OOPD) 

 
EXTERNAL CONSTITUENT ATTENDEES: 
 

Jeff Castelli, PhD, Fabry Program Director 
Mara Furlow, MS, RAC, Director, Regulatory Affairs 
John Kirk, MPH, Vice President, Regulatory Affairs 
David Lockhart, PhD, Chief Scientific Officer 
Matt Patterson, Chief Operating Officer 
Andrew Shenker, MD, PhD, Vice President, Clinical Research 
Sheela Sitaraman, PhD, Associate Director, Bioanalytical Sciences 
Shannon Wehrendt, Senior Associate, Regulatory Affairs 
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BACKGROUND:   
 
Fabry disease is a rare, X-linked lysosomal storage disorder of glycosphingolipid metabolism 
resulting from deficient activity of the lysosomal enzyme α-galactosidase A (α-Gal A).  α-Gal A 
deficiency results in the systemic deposition of glycosphingolipids with terminal α-galactosyl 
moieties (mainly GL-3), predominantly in the lysosomes of endothelial, perithelial and smooth-
muscle cells of blood vessels, but may also occur in many cells types throughout the body.  The 
clinical manifestations of the disease span a broad spectrum of severity, and severity appears to 
be associated with a patient’s residual α-Gal A activity; however, most Fabry patients develop 
hypertension, proteinuria, renal impairment, and cardiovascular disease leading to substantial 
morbidity and premature death, usually as a result of endstage renal disease and/or 
cardiovascular complications, such as myocardial infarction and stroke. 

 
AT1001 is an orally administered small molecule known as a “pharmacological chaperone”.  
AT1001 is a low molecular weight iminosugar, an analog of the terminal galactose group that is 
cleaved from the substrate GL-3.  AT1001 binds to the active site of α-Gal A, and is a potent, 
reversible, competitive inhibitor of the enzyme.  In Fabry patients, this binding is thought to 
result in stabilization of the mutant enzyme and proper trafficking of the enzyme to the 
lysosome, which may result in enhanced α-Gal A enzymatic activity in the lysosome. 
 
Amicus has conducted Phase 1 and 2 clinical trials with AT1001 administration as part of the 
clinical development of AT1001 for the treatment for Fabry disease.  Phase 1 trials have 
involved 51 healthy subjects evaluated for the safety, tolerability, and pharmacokinetics of 
AT1001.  The Phase 2 program is comprised of four clinical trials in which 27 patients with 
Fabry disease have completed at least 24 weeks of treatment.   
 
MEETING OBJECTIVES: 
 
To reach agreement with the Division on the suitability of the Subpart H approval mechanism for 
AT1001, including the proposed surrogate marker and the clinical endpoint to be used for 
subsequent validation of the surrogate marker. 
 
DISCUSSION POINTS: 
 
2.1 Endpoints to Support Accelerated Approval of AT1001 
Amicus proposes to conduct a Phase 3 study that is designed to support approval of AT1001 
based on a surrogate endpoint that is reasonably likely to predict clinical benefit, as described in 
21 CFR 314 Subpart H.  The proposed surrogate endpoint, kidney GL-3 as measured in the 
urine, will be evaluated after 6 months of treatment.  The study will continue after this primary 
analysis timepoint to collect data for another 30 months of treatment to evaluate clinical benefit 
on renal function as assessed by eGFR.   
In the Phase 2 studies of AT1001, 21 out of 26 subjects had elevated levels of urine GL-3 at 
baseline. Reductions in urine GL-3 were observed in a majority of subjects, particularly those 
who were categorized as good responders (defined as having a 3% of normal or greater net 
increase in white blood cell α-Gal A after treatment with AT1001). The magnitude of decrease 
observed at week 24 in male subjects categorized as good responders was similar to that 
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observed after 5 months of enzyme replacement therapy (ERT) with Fabrazyme® (agalsidase 
beta; Genzyme).  Subjects categorized as good responders had a slower rate of decline in eGFR 
compared to subjects categorized as limited/nonresponders; the difference in rates was not 
statistically significant.  The observed mean change per year in eGFR for subjects with at least 
48 weeks of follow-up data is encouraging when compared to historical rates of eGFR decline in 
untreated and ERT-treated Fabry patients over similar lengths of time.  Therefore, it is 
reasonable that demonstrating a maintenance in the renal benefits associated with ERT over a 
period of 3 years, as measured by the rate of eGFR decline, would indicate that AT1001 had 
comparable clinical efficacy in patients switched from ERT to oral therapy with AT1001.  Taken 
together, the findings of reduced urine GL-3 and slower rate of eGFR decline in good responders 
suggest that reductions in urine GL-3 are reasonably likely to predict clinical benefit (stabilized 
renal function assessed by eGFR) in patients with Fabry disease.   
Because the only available treatment for Fabry disease was approved in the United States based 
on an as-yet unvalidated surrogate endpoint, there is still an unmet medical need for Fabry 
disease, and AT1001 meets the criteria for submission of a marketing application for accelerated 
approval.  Evaluating both endpoints in a single cohort of patients will allow validation of the 
surrogate endpoint as required for products approved under the provisions of 21 CFR 314 
Subpart H. 
 

1. Does the Division agree that AT1001 meets the criteria to be considered for accelerated 
approval? 

 
FDA Response: 
Yes. 

 
2. Does the Division agree that the proposed surrogate endpoint, kidney GL-3 as measured 

in urine, is an appropriate primary endpoint for approval of AT1001 under 21 CFR 314 
Subpart H in patients with Fabry disease? 

 
FDA Response: 
We are not opposed to the use of a surrogate endpoint to support an accelerated 
approval for AT1001; however, the information you have provided in the briefing 
package does not provide enough evidence to justify the use of urinary GL-3 as a 
surrogate endpoint.  We recommend that you submit a Special Protocol Assessment 
(SPA) for your proposed pivotal Phase 3 study, and include for our review in the 
SPA submission the clinical data obtained in your Phase 2 program, including the 
urinary GL-3 results, complete kidney biopsy results, and other relevant data, such 
as any published literature or other information available to you regarding the 
utility of urinary GL-3 levels in Fabry disease. 
  
We additionally recommend that you consider other markers, such as serial 
measurements of plasma GL-3 and GL-3 accumulation on tissue biopsies as 
surrogate endpoints or as additional efficacy variables in your pivotal Phase 3 and 
extension/verification studies.  Although you state that you anticipate that patients 
who have been maintained on enzyme replacement therapy (ERT) for at least six 
months prior to study entry are expected to have low/normal levels of GL-3 by these 
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assessments, these assessments still may be useful for monitoring 
durability/maintenance of affect on ERT or after transition to AT1001 over the 
planned six months to three years of treatment and evaluation.   
 
You additionally state that GL-3 inclusions in the renal interstitial capillaries were 
used in the Fabrazyme Phase 3 study, but are not likely to be informative in the 
proposed Phase 3 study of AT1001.  Deposition of GL-3 also occurs in glomerular, 
mesangial, and distal tubular epithelial cells, as well as vascular smooth muscle 
cells,1 and glomerular changes including mesangial widening and glomerulosclerosis 
are typically seen in advancing Fabry disease.  Therefore, review of complete kidney 
histology in addition to the scoring system used to grade the development of 
inclusions in the renal interstitial capillaries may be informative, and we 
recommend you consider assessing global renal histology as well.   
 
Discussion at Meeting: 
Amicus stated that they plan to submit a SPA, and are planning on using urinary GL-3 as 
the primary endpoint in the Phase 3 study.  Amicus plans to submit additional data 
regarding urinary GL-3 from the Phase 2 program and additional information from the 
literature to justify the use of urinary GL-3 as the primary endpoint variable.  They will 
also consider using plasma GL-3 and tissue biopsies as additional outcome measures as 
recommended by FDA; however, the use of additional outcome measures is currently the 
subject of ongoing internal discussion at Amicus, and no decision on this issue has yet 
been reached. 
 

3. Does the Division agree that the proposed clinical endpoint, eGFR, is appropriate to 
validate the surrogate endpoint of kidney GL-3 as measured in the urine? 

 
FDA Response: 
Given the slowly progressive nature of Fabry disease, particularly in the attenuated 
(“later-onset”) patients and patients with less advanced renal disease (CKD stages 1 
and 2) at baseline that you are proposing to include in your pivotal Phase 3 and 
extension/verification studies, it is unlikely that substantial evidence of clinical 
benefit by the clinical endpoint of eGFR will be shown over the three-year treatment 
period of the study.  We recommend that you consider a longer period of study or a 
pre-planned mechanism to extend the three-year study if needed, a larger patient 
population if possible, or the exploration of other/additional endpoints for your 
proposed study. (See additional comments in response to Question 7.)  

 
We additionally note that you have not provided enough information regarding the 
planned calculation of eGFR in your Phase 3 study.  The MDRD Study equation is 
less accurate at predicting GFR at higher GFR values (i.e., the CKD stage 1 to 3 
population you are planning to study).  Please specify the methodology of 
measurement of eGFR with specific attention to whether or not serum creatinine 

                                                           
1 Gubler MC, Lenoir  G, Grunfeld JP, et al., Early renal changes in hemizygous patients with Fabry’s disease.  
Kidney Int.  1978, 13:223-235. 
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calibration will be used, and whether the study plans to measure GFR with 
exogenous filtration markers at any time points. 
 
We also urge you to consider the following for your clinical development program: 

 
• In settings in which CKD is not advanced (CKD stages 1, 2, or 3), other markers 

of persistent kidney injury may be of greater significance, e.g. urine albumin 
excretion (urine albumin/creatinine ratio), or exogenous filtration markers to 
measure GFR (cystatin c, iothalamate, etc.).2,3 Therefore, we recommend that you 
explore other markers of persistent kidney injury in your study(ies).   
 

• Assessment of other signs, symptoms, and evidence of end-organ damage in 
Fabry disease, including but not limited to other markers of renal injury/disease 
progression (e.g., onset of hypertension, onset of proteinuria) cardiac disease, 
cerebrovascular disease, and death should also be explored. 

 
• Modifying your study population to include only those patients with less evidence 

of end-organ damage should be considered.  There is evidence to suggest that 
patients with Fabry disease with more advanced disease/end-organ damage at 
baseline may not benefit, or may benefit to a lesser degree than patients without 
substantial evidence of advanced disease at start of treatment.  Therefore, 
consideration should be given to limiting enrollment to patients with mild to 
moderate renal disease (CKD stages 1 and 2) only, performing more than one 
study in patients with different disease burdens at baseline, pre-specifying 
subgroup analyses based on CKD, or stratifying patients by these factors.    

 
• We recommend that you conduct a natural history study (retrospective or 

prospective) in untreated patients with Fabry disease since your proposed study 
does not have an untreated control group.  A natural history study in as large a 
cohort of patients for as long a period of time as possible could be useful as a 
comparator should a prolonged period of time be needed to demonstrate a benefit 
of active treatment in patients with Fabry disease.  For example, a previously 
published natural history study (Branton et al., 20024) in a small group of patients 
shows estimates of age at onset of end-organ damage (e.g., age at onset of several 
markers of progressive renal disease) in untreated patients over several decades.  
We recommend that you collect similar data. 

 
 
 

                                                           
2 Coresh J, Stevens LA, Kidney function estimating equations:  where do we stand?  Current Opin in Nephrol and 
Hyperten, 2006, 15:276-284 
3 Poggio Ed, Wang X, Greene T, et al.  Performance of the modification of diet in renal disease and Cockcroft-Gault 
equations in the estimation of GFR in health and in chronic disease.  J Am Soc Nephrol, 2005, 16:459-466 
4 Branton MH, Schiffmann R, Sabnis SG, Murray GJ, Quirk JM, Altaresci G, Goldfarb L, Brady RO, Balow JE, 
Austin HA, Kopp JB. Natural history of Fabry renal disease. Influence of α-galactosidase A activity and genetic 
mutations on clinical course. Medicine 2002;81:122-138. 
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baseline QTc value >450 msec, and two patients with at least on post-baseline QTc 
value increased from baseline by >60 msec.  We are aware that patients with Fabry 
disease have a high prevalence of underlying cardiac abnormalities, such as ECG 
abnormalities and arrhythmias, and that this finding does not establish causality 
with AT1001 treatment.  However, given that QTc abnormalities have been noted 
thus far in your AT1001 Phase 2 studies, and that patients with Fabry disease are at 
high-risk for experiencing cardiac events that may be exacerbated by study drug 
treatment, we strongly recommend that you to perform a thorough QT (TQT) study 
with AT1001 prior to performing your pivotal Phase 3 study in order to inform the 
cardiac safety monitoring that may be needed during the pivotal Phase 3 and 
extension/verification studies.  In order to optimize the utility of a TQT study, please 
establish the dose/dose range you intend to investigate, and clarify the metabolic fate 
of AT1001, whether concomitant administration of any medications likely to be used 
by patients in the clinical studies are likely to interfere with AT1001’s metabolism 
or excretion, and whether any subgroups of patients (such as those with impaired 
renal function) are likely to be at greater risk due to decreased renal clearance of 
your drug. 
 
Discussion at Meeting: 
Amicus clarified that they have approximately 20 patients in Phase 2 continuing to 
receive AT1001 through their extension study 205.  These patients are anticipated to 
receive AT1001 until NDA submission, which will allow for four to five years of 
exposure. 
 
Amicus clarified that the patients with the longer QT intervals or QT prolongation in 
Phase 2 were females, and correction was done using the Bazett formula.  Thus, they feel 
these patients’ results were likely within normal limits.  Amicus additionally clarified that 
AT1001 is not metabolized and does not induce nor inhibit CYP P450.  Amicus stated 
that they plan to conduct a TQT study during clinical development, the timing of which is 
to be determined.    
 
FDA stated that the TQT study should be performed prior to initiation of the Phase 3 
study in order to better inform the safety monitoring for the Phase 3 study. 
 

2.3 Comparator Products for Proposed Phase 3 Study 
Fabry disease has been estimated to affect about 1 in 40,000 individuals (Desnick et al., 2001); 
current estimates from the U.S. National Kidney Foundation website suggest a total of 
approximately 5,000 patients with Fabry disease worldwide.  Furthermore, ERT is considered to 
be the standard of care for Fabry disease; published treatment guidelines (Eng et al., 2006) 
recommend treatment with ERT for all diagnosed adult males, and for pediatric and female 
patients with significant symptoms.  Thus, later-stage clinical trials in Fabry disease must 
involve multiple countries to access an adequate number of patients, and new products should be 
evaluated in comparison to the current standard of care. 
Two ERT products are currently approved for the treatment of patients with Fabry disease, 
Fabrazyme (in the United States and elsewhere) and Replagal (outside the United States).  Data 
from long-term studies of Fabry patients receiving Fabrazyme or Replagal (Germain et al., 2007; 
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Schiffmann et al., 2006; Schwarting et al., 2006; Tahir et al., 2007) suggest patients show similar 
beneficial effects on GL-3 and renal endpoints regardless of which product they receive.  Amicus 
proposes to enroll patients on either ERT; this study will include a single control group of 
subjects receiving either Fabrazyme or Replagal.  Patients on Replagal will be enrolled only in 
those countries in which this product is approved, and both ERTs will be used according to the 
respective approved labeling.  As ERT is the standard of care for Fabry disease, and given the 
similarities in the molecular structure, pharmacodynamic effects and clinical outcomes between 
the two ERT products, the very low prevalence of Fabry disease, and the need to access the 
population in multiple countries, Amicus believes that including patients receiving either 
Replagal or Fabrazyme in the proposed Phase 3 study of AT1001 is justified.  
 

7. Does the Division agree that an active comparator group is appropriate to support U.S. 
registration? 

 
FDA Response: 
An active comparator group may be appropriate in your clinical development 
program for AT1001; however, we have a number of concerns with the design of 
your proposed Phase 3 study. 
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8. Does the Division agree that both Fabrazyme and Replagal can be pooled into a single 
control group in this study to support U.S. registration? 

 
FDA Response: 
No.  Comparability of these two ERTs has not yet been established.  We would 
recommend that you use either Fabrazyme or Replagal as your active control, but 
not both.   
 
If you choose to study both, these two ERT groups would need to remain separate, 
and this change in your study design should be reflected in your statistical plan (e.g., 
numbers of patients needed for enrollment).  
 

2.4 Subject Eligibility for Treatment with AT1001 
An in vitro screening program conducted by Amicus has evaluated whether individual mutations 
in GLA are responsive to AT1001 after recombinant expression in HEK-293 cells.  The results of 
this screening program were consistent with those obtained from Fabry patient-derived primary 
T cell cultures, and to α-Gal A levels measured in white blood cells of Fabry patients treated 
with AT1001 in the Phase 2 studies.  Amicus intends to use the results of the screening program 
to generate a pharmacogenetic reference table for determining eligibility for the Phase 3 
program.  At the planned clinical dose of 150 mg (to be administered once every other day), the 
plasma Cmax is expected to be approximately 10 µM (approximately 1630 ng/mL).  Mutations 
with EC50 values less than 10 µM are expected to show the best response; they represent the 
“target” Fabry patient population, whereas responsive mutations with EC50 values greater than 
10 µM are not expected to respond as well.  Therefore, assuming a dose of 150 mg, only those 
Fabry patients with mutations with EC50 values less than 10 µM would be enrolled into the Phase 
3 study.   
Amicus expects that the Phase 3 program will enroll patients with a range of responsive 
mutations in GLA, and that not every known responsive mutation will be represented in the 
Phase 3 study population.  If the study shows that the study population (representing a subset of 

                                                           
5 Genzyme Corporation 2003-2008. Fabrazyme® agalsidase beta. Full prescribing information. September 29, 2006. 
<www.fabrazyme.com>. [“Fabrazyme”]. [12-February-2008]. 
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responsive GLA mutations) is effectively treated with AT1001, then the results could be applied 
to the larger, more complete list of responsive mutations.  Such a finding would support the use 
of AT1001 in all patients with Fabry disease caused by a responsive mutation in GLA.  Amicus 
would propose to include the pharmacogenetic reference table in the product labeling; this 
proposal will be discussed with the Division during the pre-NDA meeting. 
 

9. Does the Division agree that the data support this method of evaluating eligibility based 
on responsiveness? 
 
FDA Response: 
In principle your proposal appears to be reasonable, but since we have not reviewed 
the data, we cannot comment on whether the data support this method of evaluating 
eligibility.   
 
We also note that based on the Phase 2 study results from your clinical development 
program thus far, mutational analysis does not appear to be 100% predictive of 
“good responders” since some of the enrolled patients were “limited/non 
responders” despite screening analyses.  Conversely, because patients who were 
predicted to be non-responders by in vitro testing were not included in Phase 2 
trials, information is not available as to whether genotype can be used to predict 
“non-responders”.  In addition, in the briefing package on pages 64 to 66, some 
“good responders” had increases in their WBC α-GAL level (%normal) at Week 12 
that appear to be similar to the “limited/nonresponders”.  Therefore, we 
recommend that the utility of in vitro screening be validated by clinical studies.  
Please also clarify whether you are considering any other methods of determining 
patient responsiveness, such as a trial of therapy based on a preliminary marker of 
effectiveness.  
 
We additionally recommend that you explore additional dosages and dose-response 
explorations in the AT1001 clinical development program.  You propose to exclude 
patients with certain genotypes who may respond at different doses from the 
currently proposed dose for Phase 3.  We recommend that you include these 
patients and explore additional dose(s) instead.  As you are planning, the exposure-
response relationship may be useful for confirming the hypothesis generated by in 
vitro screening.     
 
Discussion at Meeting: 
Amicus clarified that they are in the process of performing in vitro testing of 
approximately 350 missense mutations.  They plan on putting together a 
pharmacogenomics table and developing a treatment algorithm based on these results.  
Amicus further clarified that to date, in vitro and in vivo correlation with a limited 
number of mutations shows 100% positive correlation (i.e., response to AT1001) or 
100% negative correlation (i.e., non-response to AT1001) depending on the mutation.  
These data will be supplied to the Agency at a later date.  Amicus additionally stated that 
they plan to use the in vitro analysis to identify patients for inclusion in the Phase 3 study 
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(based on EC50).  Amicus inquired whether this information could be included in 
labeling.   
 
FDA stated that decisions regarding labeling would have to be determined after 
examination of the data.  In general, however, information will only be included in 
labeling if there are clinical data available to support the claims. 
 
Amicus stated they continue to perform dose-response and dose exploration, and clarified 
that this includes limited-responders and non-responders who will be tested with alternate 
dosing regimens. 
 

10. Does the Division agree that the results in the Phase 3 study population, representing a 
subset of responsive GLA mutations, could support a product label that includes treatment 
of Fabry patients with all known responsive GLA mutations? 

 
FDA Response: 
These question is premature since product labeling occurs only after a through 
review of all data submitted in the NDA application, and there is not enough 
information regarding the characteristics of responsive mutations that will be 
included in the Phase 3 study to answer this question.  We will consider any labeling 
proposals at the time of labeling negotiations based on the available data. 
 
In general, however, products are only labeled based on what was actually studied 
in the clinical development program, and for indications for which data exist and 
are available for review.  Extrapolation of drug responsiveness based on in vitro 
screening data without adequate clinical evidence to support these claims is likely 
not acceptable (please also see response to Question 9).     

 
FDA ADDITIONAL COMMENTS: 
 

1. We remind you that you need to conduct the Segment I reproductive toxicology 
study in rats, and carcinogenicity studies in rats and mice with AT1001, and the 
final study reports should be included in the NDA application.  

 
Discussion at Meeting: 
Amicus stated that the fertility study is complete and the final study report will be 
submitted soon.  Amicus also stated that carcinogenicity studies with AT1001 will be 
conducted prior to NDA submission. 
 

2. Since Fabry patients have various degree of renal function, we recommend that you 
evaluate the effect of renal insufficiency on the pharmacokinetics (PK) of AT1001.  

 
Discussion at Meeting: 
Amicus stated they will evaluate the effect of renal insufficiency on the PK of AT1001. 
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3. We recommend that you collect PK samples whenever any serious adverse events 
occur. 

 
Discussion at Meeting: 
Amicus stated that they will recommend to investigators to collect PK samples with 
serious adverse events (SAEs); however, since many patients will likely be traveling long 
distances to the clinical sites and SAEs are likely to occur at times when patients are not 
at the clinical centers, PK sample collection at the time of an SAE may not always be 
possible. 

 
ADDITIONAL DISCUSSION AT MEETING: 
 
FDA stated that when the SPA is submitted, the statistical plan should be specific with regard to 
all aspects of the primary and secondary endpoint analyses.  This would include statements of 
hypotheses, statistical methods, experiment-wise control of type I error, handling of missing 
data, and planned sensitivity analyses.  Also, case report forms will need to be submitted. 
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