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MEETING MINUTES 

 
Origin Biosciences, Inc. 
Attention: Jennifer Pavillard 
Senior Director, Regulatory Affairs 
75 Park Plaza 
Boston, MA 02116 
 
 
Dear Ms. Pavillard:  
  
Please refer to your Investigational New Drug Application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for ORGN001 (cyclic pyranopterin 
monophosphate [cPMP]).    
 
We also refer to the teleconference between representatives of your firm and the FDA 
on December 18, 2019. The purpose of the meeting was to discuss clinical elements, 
i.e., safety and efficacy endpoints, of the planned NDA. 
 
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 me at (301) 796-5408. 
 
 

Sincerely, 
 
{See appended electronic signature page} 
 
CAPT Mimi Phan, PharmD 
U.S. Public Health Service, Reg. Project Manager 
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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MEMORANDUM OF MEETING MINUTES 

 
Meeting Type: B  
Meeting Category: Pre-NDA 
 
Meeting Date and Time: December 18, 2019, 09:30 am – 10:30 am 
Meeting Location:  10903 New Hampshire Avenue 

White Oak Building 22, Conference Room 1419 
 Silver Spring, Maryland 20903   
 
Application Number: IND 117502 
Product Name: ORGN001 (cyclic pyranopterin monophosphate [cPMP])  
 
Indication: Molybdenum Cofactor Deficiency (MoCD) Type A 
Sponsor Name: Origin Biosciences, Inc. 
 
Meeting Chair: Patroula Smpokou, MD 
Meeting Recorder: CAPT Mimi Phan, PharmD 
 
FDA ATTENDEES 
Division of Gastroenterology and Inborn Errors Products 
Bindi Nikhar, M.D., Acting Deputy Division Director  
Patroula Smpokou, M.D., FACMG, Medical Team Leader 
Sophia Hufnagel, MD, Medical Officer 
Sushanta Chakder, PhD, Pharmacology/Toxicology Team Lead 
Jackye Peretz, PhD, Pharmacology/Toxicology Reviewer 
Mimi Phan, PharmD, Regulatory Project Manager 
 
Office of Clinical Pharmacology (OCP)/ Division of Translational and Precision Medicine 
(DTPM) 
Jie (Jack) Wang, Ph.D., Clinical Pharmacology Team Leader 
Xiaohui (Michelle) Li, Ph.D., Clinical Pharmacology Reviewer 
 
Office of Biostatistics/Division of Biometrics III 
Yan Wang, Ph.D., Statistical Team Leader 
Rebecca Hager, PH.D., Statistical Reviewer 
  
SPONSOR ATTENDEES 
Origin 
Raven Jaeger, MS, RAC Vice President, Regulatory Affairs 
Natysha Tucker, MS, RAC Associate Director, Regulatory Affairs 
Jennifer Pavillard Senior Director, Regulatory Affairs 
Liza Squires, M.D. Chief Medical Officer 
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Tricia Blankenbiller, M.S. Sr. Director, Head of Global Clinical Operations 
Peter Collins, BA Program Team Lead, Program Management 
 
Consultants to Origin 

 
1.0 BACKGROUND 
 
This is a Type B Pre-NDA meeting from Origin to discuss clinical elements, i.e., safety 
and efficacy endpoints of the planned NDA submission. The IND was submitted to the 
FDA in May 2013 under the previous sponsor Alexion Pharmaceuticals and was 
transferred to Origin on September 26, 2018. The sponsor was granted Breakthrough 
Therapy Designation (BTD) on October 23, 2013, to develop the product for the 
treatment of MoCD Type A.   
 
Per Origin, ORGN001 is a new chemical entity to treat a rare, acutely toxic, chronic, 
rapidly progressive, debilitating, and mostly lethal condition of newborns where there is 
no approved therapeutic option available. The drug product will be supplied as a sterile, 
lyophilized powder and is designed to be reconstituted with 5.0 mL of sterile Water for 
Injection (WFI) prior to IV infusion. Origin has been granted a rolling review on 
November 15, 2019 and is planning to submit the NDA for ORGN001 via the 505(b)(1) 
pathway in Q4 2019. 
 
FDA sent Preliminary Comments to Sponsor on December 13, 2019. 
 
2.0 DISCUSSION 
  
2.1. Regulatory  
 
Question 1:   
Does the Agency agree with the proposed content and format of the clinical modules 
(Modules 2.5, 2.7, and 5) to support the New Drug Application for ORGN001 as a 
treatment of MoCD Type A? 

 
FDA Response to Question 1:   
 
The proposed plan for submission of the clinical efficacy data in Modules 2 and 5 
appears reasonable. For details regarding the location of the ISE and ISS in the 
NDA submission, we refer you to guidance for industry, Integrated Summaries of 
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Effectiveness and Safety: Location Within the Common Technical Document 
(https://www.fda.gov/media/75783/download). 

 
Additional Comments 

• For your clinical studies, include in the NDA submission all components 
supporting the clinical study reports and Integrated Summary of Efficacy 
(ISE), such as protocols and amendments (with dates), SAPs, annotated 
CRFs, etc. 

• For the NDA submission, the datasets should be sufficiently structured and 
defined to permit analyses of the main endpoints of interest without excess 
data manipulation. We recommend submitting Clinical Data Interchange 
Standards Consortium (CDISC) compliant Study Data Tabulation Model 
(SDTM) and Analysis Data Model (ADaM) datasets for the clinical trials in 
SAS transport form (.xpt). The analysis datasets should include all 
variables needed for conducting the analyses included in the study reports 
and the ISE. Include dataset documentation with sufficient details, such as 
definitions or descriptions of each variable in the data set, algorithms for 
derived variables (including source variables used), and descriptions for 
the codes used in factor variables. We recommend submitting executable 
programs for all matched analyses that are performed. 

• We encourage you to incorporate details of timing of treatment and any 
clinical adverse safety data in your descriptive narratives for each patient. 
Please also include details of each patient’s age, age of onset, timing of 
dose, dosage adjustments, duration of use, and any clinical symptoms. 
This data may be best presented in either table or narrative form. 

 
Question 2a:  
Understanding that the FDA’s current thinking may change during the NDA review, for 
planning purposes Origin would like to understand if the FDA agrees that the NDA 
should not require an Advisory Committee Meeting? 
 
FDA Response to Question 2a: 
Based on the currently available information, it is unlikely that an Advisory  
Committee Meeting will be needed. However, the final determination will be made 
after the application is submitted.  It may be premature to comment on the 
involvement of the Advisory Committee. However, based on the information we 
currently have, we do not anticipate the need to involve Advisory Committee. 
 
Question 2b: 
Does the Agency agree that the proposed labeling components for the product is 
sufficient to provide instructions about the use of ORGN001; thus, a full REMS 
will not be required? 
 
FDA Response to Question 2b: 
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Based on the currently available information, it is unlikely that a REMS will be 
needed. However, the final determination will be made after the application is 
submitted. 
 
Question 2c:  
Does the FDA agree that this program qualifies for a Priority Review Designation during 
the review and, unless there are unforeseen circumstances at the time of the NDA 
review period, the BTD application qualifies for an Expedited review in advance of the 
PDUFA goal date? 
 
FDA Response to Question 2c: 
 
It is premature to answer this question. Please refer to the following guidance for 
further details:  
https://www.fda.gov/files/drugs/published/Expedited-Programs-for-Serious-
Conditions-Drugs-and-Biologics.pdf  
 
Question 2d:  
Does the Agency support Origin’s plan to submit the safety and efficacy update at 90 
days post submission instead of the standard 4 month (120 days) that is required in a 
standard submission? 
 
FDA Response to Question 2d: 
 
We cannot agree at this time. Please provide justification for this request, 
specifically about the safety update submission timeline and about submitting 
additional efficacy data after NDA submission.  
 
MEETING DISCUSSION: 
 
The Agency clarified that it is premature to agree that a priority review will be 
granted which will be determined at the filing meeting after the formal NDA 
submission.  If priority review were to be granted, submission of a safety report at 
90 days post-submission may be reasonable. If a safety update is submitted at 90 
days instead of 120 days, then the Sponsor should submit serious adverse 
events and death reports occurring between 90 and 120 days or which have 
occurred but not submitted in the original NDA submission as well, to ensure the 
Agency can adequately evaluate the application from both a safety and efficacy 
perspective (.i.e. incorporate instances of death into the efficacy analyses) . 
 
Question 3:  
Does FDA accept Origin's proposal to provide in the NDA the Bioresearch Monitoring 
(BIMO) information for the two clinical studies, Study MCD-201 and Study MCD-202, to 
facilitate the Office of Scientific Investigations (OSI) inspection assignments associated 
with this NDA? 
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FDA Response to Question 3: 
 
The Office of Scientific Investigation recommends that you provide BIMO data 
that includes the following: We recommend that the sponsor provide BIMO data 
that includes the following: 
 

• A comprehensive table that lists all clinical sites for the studies MCD-201, 
MCD-202, MCD-501 (retrospective study) and MCD-502(natural history 
study). The table should include the name and addresses of all of the 
clinical investigators by site. 

• A table listing all entities to whom the Sponsor has contracted clinical 
study related activities and who participated in these clinical studies 

• Subject Level Data Line Listings by Clinical Site  
• Summary Level Clinical Site Datasets 

 
You should submit details regarding the location of the source documents for 
patients who participated in studies MCD-501 and MCD-502.  
 
2.2. Category/Discipline B 
 
Question 4:  
Does the Agency have any guidance or comments on Origin’s dose recommendation 
that will be justified in the NDA? 

 
FDA Response to Question 4: 
 
In general, we recommend that the dosing regimen with the most favorable 
benefit/risk profile be selected based on dose-/exposure-response relationships 
for both efficacy and safety. As you have not conducted a dose-ranging study 
with ORGN001, it will be challenging to evaluate the dose-response relationships 
and select an optimal dosing regimen for all patients. Based on the information 
provided in the briefing package, we have the following recommendations and 
comments to help you provide dose justification in the NDA submission: 
  

1. You have evaluated exposure-response (E-R) relationships for PD 
biomarkers (e.g., SSC) using Cmax as an exposure metric (Figure 5 and 
Figure 6 in the briefing document). Because Cmax usually has a large inter-
subject variability, we recommend that you conduct additional E-R 
analyses using Ctrough and AUC as the exposure metrics.  
 

2. We recommend that you conduct E-R analysis at both population and 
individual levels. Because each study participant has received multiple 
dose levels during dose escalation in your clinical trials, the obtained data 
across the dose range will allow exploration of the relative steepness or 
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flatness of the E-R relationship among individuals. The individual E-R 
relationships will facilitate distinctions of subjects who have achieved 
desirable PD or clinical responses and subjects who may need a higher 
dose to achieve a better PD or clinical response. 

 
3. You propose  We 

anticipate that the recommended dosing regimen in product labeling 
should be consistent with the dosing regimens tested in your clinical trials. 

 

 
4. You should adequately justify the safety of the proposed dosing 

regimen(s). 
 
3.0      ADMINISTRATIVE COMMENTS 
 
DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION 
 
As stated in our September 14, 2019 communication granting this meeting, if, at the 
time of submission, the application that is the subject of this meeting is for a new 
molecular entity or an original biologic, the application will be subject to “the Program” 
under PDUFA VI. Therefore, at this meeting be prepared to discuss and reach 
agreement with FDA on the content of a complete application, including preliminary 
discussions on the need for risk evaluation and mitigation strategies (REMS) or other 
risk management actions and, where applicable, the development of a Formal 
Communication Plan. You and FDA may also reach agreement on submission of a 
limited number of minor application components to be submitted not later than 30 days 
after the submission of the original application. These submissions must be of a type 
that would not be expected to materially impact the ability of the review team to begin its 
review. All major components of the application are expected to be included in the 
original application and are not subject to agreement for late submission.  
 
Discussions and agreements will be summarized at the conclusion of the meeting and 
reflected in FDA’s meeting minutes. If you decide to cancel this meeting and do not 
have agreement with FDA on the content of a complete application or late submission of 
any minor application components, your application is expected to be complete at the 
time of original submission. 
 
In addition, we remind you that the application is expected to include a comprehensive 
and readily located list of all clinical sites and manufacturing facilities.  
 
Information on the Program is available at FDA.gov.1 

                                                           
1 https://www.fda.gov/ForIndustry/UserFees/PrescriptionDrugUserFee/default.htm 
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DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION 
 

• The content of a complete application was discussed as outlined above. 
 
• 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 was held on the need for a REMS, other risk 

management actions and, where applicable, the development of a Formal 
Communication Plan. 

 
• Major components of the application are expected to be submitted with the 

agreed schedule as a part of the rolling review: November 2019 for 
nonclinical modules; Q2 2020 for Clinical modules and early Q2 2020 for 
quality (CMC) modules and are not subject to agreement for late 
submission.  
 

In addition, we note that a chemistry pre-submission meeting was held on December 4, 
2019. We refer you to the minutes of that meeting for any additional agreements that 
may have been reached. 
 
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.  
 
Please be advised that under the Food and Drug Administration Safety and Innovation 
Act (FDASIA), you must submit an Initial Pediatric Study Plan (iPSP) within 60 days of 
an End-of-Phase-2 (EOP2) meeting. In the absence of an EOP2 meeting, refer to the 
draft guidance below. The iPSP must contain an outline of the pediatric study or studies 
that you plan to conduct (including, to the extent practicable study objectives and 
design, age groups, relevant endpoints, and statistical approach); any request for a 
deferral, partial waiver, or waiver, if applicable, along with any supporting 
documentation, and any previously negotiated pediatric plans with other regulatory 
authorities. The iPSP should be submitted in PDF and Word format. Failure to include 
an Agreed iPSP with a marketing application could result in a refuse to file action.  
 
For additional guidance on the timing, content, and submission of the iPSP, including an 
iPSP Template, please refer to the draft guidance for industry Pediatric Study Plans: 
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Content of and Process for Submitting Initial Pediatric Study Plans and Amended 
Pediatric Study Plans.2 In addition, you may contact the Division of Pediatric and 
Maternal Health at 301-796-2200 or email Pedsdrugs@fda.hhs.gov. For further 
guidance on pediatric product development, please refer to FDA.  
 
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 
Information3 and Pregnancy and Lactation Labeling Final Rule4 websites, which include: 
 

• 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. 

• 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 
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. 

Pursuant to the PLLR, you should include the following information with your application 
to support the changes in the Pregnancy, Lactation, and Females and Males of 
Reproductive Potential subsections of labeling. The application should include a review 
and summary of the available published literature regarding the drug’s use in pregnant 
and lactating women and the effects of the drug on male and female fertility (include 
search parameters and a copy of each reference publication), a cumulative review and 
                                                           
2 When final, this guidance will represent the FDA’s current thinking on this topic. For the most recent 
version of a guidance, check the FDA guidance web page at 
https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
3 https://www.fda.gov/drugs/laws-acts-and-rules/plr-requirements-prescribing-
information 
4 https://www.fda.gov/drugs/labeling/pregnancy-and-lactation-labeling-drugs-final-rule 
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summary of relevant cases reported in your pharmacovigilance database (from the time 
of product development to present), a summary of drug utilization rates amongst 
females of reproductive potential (e.g., aged 15 to 44 years) calculated cumulatively 
since initial approval, and an interim report of an ongoing pregnancy registry or a final 
report on a closed pregnancy registry. If you believe the information is not applicable, 
provide justification. Otherwise, this information should be located in Module 1. Refer to 
the draft guidance for industry Pregnancy, Lactation, and Reproductive Potential: 
Labeling for Human Prescription Drug and Biological Products – Content and Format.  
 
Prior to submission of your proposed PI, use the SRPI checklist to ensure conformance 
with the format items in regulations and guidances.  
 
DISCUSSION OF SAFETY ANALYSIS STRATEGY FOR THE ISS  
 
After initiation of all trials planned for the phase 3 program, you should consider 
requesting a Type C meeting to gain agreement on the safety analysis strategy for the 
Integrated Summary of Safety (ISS) and related data requirements. Topics of 
discussion at this meeting would include pooling strategy (i.e., specific studies to be 
pooled and analytic methodology intended to manage between-study design 
differences, if applicable), specific queries including use of specific standardized 
MedDRA queries (SMQs), and other important analyses intended to support safety. The 
meeting should be held after you have drafted an analytic plan for the ISS, and prior to 
programming work for pooled or other safety analyses planned for inclusion in the ISS. 
This meeting, if held, would precede the Pre-NDA meeting. Note that this meeting is 
optional; the issues can instead be addressed at the pre-NDA meeting. 
 
To optimize the output of this meeting, submit the following documents for review as 
part of the briefing package: 

• Description of all trials to be included in the ISS. Please provide a tabular listing 
of clinical trials including appropriate details. 

• ISS statistical analysis plan, including proposed pooling strategy, rationale for 
inclusion or exclusion of trials from the pooled population(s), and planned 
analytic strategies to manage differences in trial designs (e.g., in length, 
randomization ratio imbalances, study populations, etc.).  

• For a phase 3 program that includes trial(s) with multiple periods (e.g., double-
blind randomized period, long-term extension period, etc.), submit planned 
criteria for analyses across the program for determination of start / end of trial 
period (i.e., method of assignment of study events to a specific study period).   

• Prioritized list of previously observed and anticipated safety issues to be 
evaluated, and planned analytic strategy including any SMQs, modifications to 
specific SMQs, or sponsor-created groupings of Preferred Terms. A rationale 
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supporting any proposed modifications to an SMQ or sponsor-created groupings 
should be provided.  

When requesting this meeting, clearly mark your submission “DISCUSS SAFETY 
ANALYSIS STRATEGY FOR THE ISS” in large font, bolded type at the beginning of 
the cover letter for the Type C meeting request. 
 
SUBMISSION FORMAT REQUIREMENTS 
 
The Electronic Common Technical Document (eCTD) is CDER and CBER’s standard 
format for electronic regulatory submissions. The following submission types: NDA, 
ANDA, BLA, Master File (except Type III) and Commercial INDs must be submitted in 
eCTD format. Submissions that do not adhere to the requirements stated in the eCTD 
Guidance will be subject to rejection. For more information please visit FDA.gov.5 
 
The FDA Electronic Submissions Gateway (ESG) is the central transmission point for 
sending information electronically to the FDA and enables the secure submission of 
regulatory information for review. Submissions less than 10 GB must be submitted via 
the ESG. For submissions that are greater than 10 GB, refer to the FDA technical 
specification Specification for Transmitting Electronic Submissions using eCTD 
Specifications. For additional information, see FDA.gov.6  
 
ABUSE POTENTIAL ASSESSMENT 
 
Drugs that affect the central nervous system, are chemically or pharmacologically 
similar to other drugs with known abuse potential, or produce psychoactive effects such 
as mood or cognitive changes (e.g., euphoria, hallucinations) need to be evaluated for 
their abuse potential and a proposal for scheduling will be required at the time of the 
NDA submission [21 CFR 314.50(d)(5)(vii)]. For information on the abuse potential 
evaluation and information required at the time of your NDA submission, see the 
guidance for industry Assessment of Abuse Potential of Drugs.7 
 
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. 
 

                                                           
5 http://www.fda.gov/ectd 
6 http://www.fda.gov/ForIndustry/ElectronicSubmissionsGateway 
7 We update guidances periodically. For the most recent version of a guidance, check the FDA Guidance 
Documents Database https://www.fda.gov/RegulatoryInformation/Guidances/default.htm. 
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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)     

 
OFFICE OF SCIENTIFIC INVESTIGATIONS (OSI) REQUESTS  
 
The Office of Scientific Investigations (OSI) requests that the items described in the 
draft guidance for industry Standardized Format for Electronic Submission of NDA and 
BLA Content for the Planning of Bioresearch Monitoring (BIMO) Inspections for CDER 
Submissions (February 2018) and the associated Bioresearch Monitoring Technical 
Conformance Guide Containing Technical Specifications 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 ORA 
investigators who conduct those inspections. 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.  
 
Please refer to the draft guidance for industry Standardized Format for Electronic 
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Submission of NDA and BLA Content for the Planning of Bioresearch Monitoring 
(BIMO) Inspections for CDER Submissions (February 2018) and the associated 
Bioresearch Monitoring Technical Conformance Guide Containing Technical 
Specifications.8 
 
4.0 ATTACHMENTS  
See attached Sponsor’s responses to FDA’s preliminary comments. 
 
 

                                                           
8 https://www.fda.gov/media/85061/download 
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Medical Officer Review:
Breakthrough Therapy Designation Request

Division of Gastroenterology & Inborn Errors Products

IND / SD #: IND117502/SD10
Sponsor: Alexion Pharmaceuticals
Drug: ALXN1101 (cyclic pyranopterin monophosphate -cPMP)
Drug Class: Pterin derivative
Dose and Form:  mg/kg IV
Proposed Indication:treatment of Molybdenum Cofactor Deficiency (MoCD) Type A
Date Received: 2 July 2013
Medical Policy Council Review Date: 20 August 2013
Addendum Date: October 15, 2013
Team Leader: Lara Dimick-Santos, MD

Addendum:
Alexion analyzed recombinant cPMP (rcPMP) and the synthetic cPMP (ALXN1101) by 

 ascertaining that 
the two compounds are the same.

The sponsor has provided evidence that the identical drug was prepared by  
that was satisfactory to the CMC reviewers on October 10t , 2013.

Therefore the Division now recommends that Breakthrough Therapy Designation be 
granted.
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Medical Officer Review: Breakthrough Therapy Designation Request 
Division of Gastroenterology & Inborn Errors Products 

 
IND / SD #: IND117502/SD10  
Sponsor: Alexion Pharmaceuticals   
Drug: ALXN1101 (cyclic pyranopterin monophosphate -cPMP)    
Drug Class: Pterin derivative 
Dose and Form:  mg/kg IV 
Proposed Indication: treatment of Molybdenum Cofactor Deficiency (MoCD) Type A   
Date Received: 2 July 2013  
Medical Policy Council Review Date: 20 August 2013  
Date Review Completed: 20 August 2013   
Clinical Reviewer:  Nancy Snow, DO 
Team Leader: Lara Dimick-Santos, MD 
 

Synopsis and Recommended Regulatory Action: 

Alexion Pharmaceuticals has applied for breakthrough therapy designation for 
ALXN1101 for the treatment of molybdenum co-factor deficiency (MoCD) type A. MoCD 
is a rare genetic disorder with <200 patients identified world-wide. It’s true prevalence is 
likely greater due to non-diagnosis in patients presenting with seizures in the neonatal 
period. MoCD is both serious and life-threatening, and most patients present with and 
succumb to the disease early in their life. The sponsor has provided data on a small 
cohort of patients treated with an E. coli derived recombinant form of cPMP. Six patients 
remain on therapy to date. However the applicant has not provided the link between 
rcPMP and cPMP because they have not supplied data on the structure of rcPMP given 
to patients. If the sponsor can provide data showing that the structure of the drug 
product given to patients is the same as the drug they are proposing, the division 
recommends that breakthrough therapy be granted. 

Background: 

Molybdenum Cofactor Deficiency 
Molybdenum Cofactor Deficiency (MoCD) is a rare, life-threatening, autosomal 
recessive genetic disorder. It was first documented in 1978 and is estimated to affect 
less than 200 patients worldwide. It is caused by mutations in the genes encoding the 
biosynthetic molybdenum cofactor pathway, and results in a combined deficiency of 
three molybdenum-dependent metabolic enzymes; sulfite oxidase (SO), xanthine 
dehydrogenase, and aldehyde oxidase.  As a result, there is an accumulation of toxic 
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levels of sulfite in the CNS leading to profound and progressive neuronal damage. 
Sulfite accumulation is accompanied by formation of S-sulfocysteine (SSC), also 
neurotoxic. The clinical presentation is of intractable seizures and encephalopathy.  
 
There are three types of MoCD depending on the genetic defect (Type A, Type B, and 
Type C). MoCD type A, which affects 2/3 of MoCD patients, is due to a mutation in the 
MOCS1 gene. This mutation results in the interruption of step one of four synthetic 
steps in the formation of molybdenum cofactor (MoCo), and prevents the conversion of 
guanosine triphosphate (GTP) to cyclic pyranopterin monophosphate (cPMP). Thirty 
one mutations of this gene have been described.  MoCD Type B is due to a mutation in 
the MOCS2 gene caused by an interruption in step two of the pathway. Consequently 
cPMP cannot be converted to molybdopterin (MPT). MoCD Type C is caused by a 
mutation in the gephyrin gene, and is due to interruption in step three and four of the 
four synthetic steps in the formation of MoCo. Figure 1 shows the pathway for MoCo 
biosynthesis. There are 3 known intermediates (cPMP, molybdopterin, and 
molybdopterin-adenosine monophosphate). Step 1 (guanosine triphosphate to cPMP) is 
catalyzed by proteins expressed from the MOCS1. Steps 3 and 4 are catalyzed by the 
protein gephyrin. 
   
Figure 1 MoCo biosynthesis 

 
Ref: Veldman, A et al. Pediatrics 2010 125(5) e1250. 
 

All three types of MoCD have the same clinical presentation which is the accumulation 
of sulfite and S-sulfocysteine (SSC). However in MoCD Types B and C there is no 
deficiency in the synthesis of cPMP. For this reason ALXN1101, which is a synthetic 
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form of cPMP, is not expected to have an effect on Types B and C, and is being 
developed for MoCD Type A only. 
 
In patients with MoCD Type A the inactivity of MoCo-dependent sulfite oxidase results 
in the accumulation of highly active sulfite in plasma and a reduction in sulfate levels 
through the body. Neurologic damage due to sulfite toxicity, sulfate deficiency, or both, 
is irreversible. In the first few days of life toxicity is manifest as intractable seizures, a 
burst of suppression or multifocal epileptiform electroencephalogram, central hypotonia 
or hypertonia and cytotoxic cerebral edema. Left untreated the metabolic defect will 
progress to severe subcortical cystic cavitation of the white matter and cortical cell 
death.  
 
Fifty-two molybdenum cofactor-deficient patients are described by Johnson et al.1 The 
authors state that most patients come from the Netherlands, Germany, the United 
Kingdom, France, the United States, and Canada, most likely due to greater recognition 
of the disease among clinicians in these countries. The neurologic picture includes 
tonic/clonic seizures, axial hypotonia, and peripheral hypertonicity. Progression is 
variable, but in general the level of mental development is extremely poor. Lens 
dislocation develops in patients who survive the neonatal period. Other ophthalmologic 
abnormalities include spherophakia, nystagmus, cortical blindness, enophthalmos, and 
iris coloboma. A small cohort (<10%) of molybdenum cofactor-deficient patients have 
late-onset presentation, usually after some event, such as infection, precipitates onset 
of the disease.  
 
Current Treatment: 
There are no approved treatments for MoCD. Current management strategies provide 
symptomatic relief of the clinical manifestations of the disease, and palliative care, such 
as placement of a feeding tube and dietary restriction of sulfur-containing amino acids 
(methionine and cysteine). However, these methodologies do not change the 
neurodevelopmental outcome or prognosis.  
 
Clinical Evidence Submitted in Breakthrough Therapy Designation 
Request: 
 
ALXN1101 is a synthetic form of the naturally occurring compound, cyclic pyranopterin 
monophosphate (cPMP). cPMP is a precursor molecule to molybdenum cofactor.  
Clinical development of a recombinant version of cPMP (rcPMP) for treatment of 
                                                           
1 Johnson, Jean, Duran, Marinus. Molybdenum Cofactor Deficiency and Isolated Sulfite Oxidase Deficiency. Chapter 
128 The Online Metabolic and Molecular Bases of Inherited Disease. 
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patients with MoCD Type A was previously pursued by . 
Recombinant cPMP is produced  

 In 2011 Alexion Pharmaceuticals acquired rights to cPMP and has developed a 
chemical synthesis process to produce a drug with the same molecular structure as 
rcPMP.   
 
The preliminary clinical evidence that ALXN1101 may demonstrate substantial 
improvement over existing therapies on a clinical endpoint is derived from data obtained 
by  using rcPMP.  Recombinant E. coli –derived cPMP was 
given to 17 patients with suspected MoCD on a named-patient basis following requests 
from their individual physicians. [source: Investigational Brochure, p.40] Of these 17, 12 
were diagnosed with MoCD Type A, and 5 with MoCD Type B. Because there is no 
deficiency in the synthesis of cPMP in MoCD Type B or C these patients would not 
benefit from cPMP substitution. Therefore the 5 patients with MoCD Type B were 
discontinued from drug after genetic confirmation of their MoCD type was obtained. Of 
the 12 patients remaining, 6 were discontinued due to co-morbid conditions or withdraw 
of consent and six patients with MoCD Type A remain on treatment.  The following 
table, taken from the IND review by Dr. Laurie Muldowney, provides further discussion 
of reason for discontinuation. 
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Table 1: E. Coli-derived cPMP Discontinued Patients 
 

Subject 
Number 

 
Gender 

 
Onset of 

cPMP 
treatment 

(days) 

Duration of 
treatment 

(days) as of 
 

 

 
Reason for Discontinuation 

 
31 

 
444 Pt. had significant brain injuries at the 

time of treatment initiation but tolerated E. 
Coli-derived cPMP. Pt. developed RSV 
infection at  and died of 
respiratory failure. The event was 
reported as unrelated to the study. 

  
5 

 
174 

The E. Coli-derived cPMP appeared to 
be well tolerated. Pt. was lost to follow-
up when family moved. 

 
720 

 
37 Study medication was discontinued due 

to the burden of administration. Pt. had 
tolerated treatment and no drug-related 
adverse events were reported. 

 
11 

 
12 

Pt. had significant brain injuries when 
treatment began. Parents withdrew 
consent. 

     
 

 
5 

 
1 Study medication discontinued 

due to comorbid condition. 
  

6 
 

4 Parents withdrew consent. No 
additional information provided. 

[Ref: Clinical Review IND, Dr. Laurie Muldowney]. 
 
Alexion states that information on the 17 patients has not been audited, and that they 
are in the process of collecting comprehensive data regarding these patients through 
the conduct of a retrospective data collection study (ALX-MCD-501) to confirm the 
reported improvement.   
 
Data from the dosing of pediatric patients with MoCD Type A with rcPMP have been 
reported in the literature as individual case reports. These published case reports are 
summarized below: 
 
• Veldman et al 2010 – Newborn presenting with seizures 60 hours post natal. 

Diagnosed with MoCD Type A at day 6 and rcPMP started on day 36, infused at a 
daily dose of 80 to 320 µg/kg body weight. Urinary biomarkers of sulfite oxidase 
metabolism (sulfite, SSC, thiosulfate) and xanthine oxidase deficiency (xanthine, uric 
acid) improved within 1-2 weeks, and remained stable during 450 days of treatment. 
Clinically the infant was more alert, convulsions and twitching disappeared within 2 
weeks, and the EEG showed markedly reduced epileptiform discharges. The rcPMP 
infusions were well tolerated and no adverse clinical or laboratory events were 
noted. 

• Schwahn et al 2011 – Two children with MoCD Type A were treated with rcPMP. 
Baby 1 was diagnosed on day 1 due to a previously affected sibling and received 
rcPMP for 18 months. The baby tolerated the drug without adverse events except 
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line infections. The baby showed satisfying developmental progress. Baby 2 began 
having intractable seizures on day 1, was diagnosed on day 4, and received rcPMP 
for 15 months. Despite treatment he demonstrated cerebral palsy and cystic 
encephalopathy due to early non-progressive necrotic changes which were thought 
to pre-date rcPMP substitution. 

• Veldman et al 2011- Report use of rcPMP in 6 patients, two of whom were reported 
by Schwahn. These infants had been diagnosed with MoCD Type A in utero and 
rcPMP substitution was initiated on days 0 to 36 with i.v. administration of 80 µg/kg 
to 240 µg/kg. Biomarkers of SO and xanthine oxidase deficiency returned to near-
normal within days and remained low throughout the treatment period. Clinically the 
infants became more alert, convulsions and twitching disappeared within 2 weeks, 
and the EEG showed markedly reduced epileptiform discharges. 

• Hitzert et al 2012 – An infant prenatally diagnosed with MoCD. cPMP infused at a 
dose of 80 to 240 µg/kg was started 4 hours after birth. Within 2 days sulfite dipstick 
test results (for toxic sulfite metabolites) became negative and within days 2 to 9 
hypoxanthine and xanthine normalized.  Within days 2 to 16, the elevated biomarker 
levels for SSC normalized. The baby had a brief period of seizures and cramped-
synchronized general movements on day 1, but did not show further clinical signs of 
neurologic deterioration. The quality of general movements was normal by the end 
of the first week. At 26 weeks of life, the baby revealed dystonia with variable hypo- 
and hypertonia, and with a continuously present tremor, both of which improved 
during the next 6 months. At 21 months corrected age, tremors were no longer 
observed. Cognitive development was mildly delayed. No behavioral problems were 
identified using the Child Behavior Checklist (1.5 to 5 years). Three central venous 
line infections were reported; no other significant adverse clinical events or routine 
laboratory alterations were observed 

 
Below the patients who continue on cPMP are described. A review of their cases 
demonstrates that patients need to be started on treatment immediately in order to 
avoid neurologic catastrophe, and even with treatment they may experience some 
developmental delay.  
 
Patient 1 – Female infant born at  gestation after uneventful pregnancy. Within 
24 hours she demonstrated jerky movement of limbs, muscle twitches and difficulties 
sucking. Seizures were observed at  and required intravenous anti-
seizure medications and mechanical ventilation. After  she was weaned off the 
ventilator. The EEG was markedly abnormal, however, with generalized suppression of 
electrical activity and multiform epileptiform discharges. MRI at  showed diffuse 
cerebral edema. A diagnosis of MoCD type A was established by gene analysis at

 She was started on E. coli derived cPMP treatment at  and 
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the dose progressively increased over a period of 1.5 months. Dosing was guided by 
clinical improvement and urine metabolites SSC and thiosulfate. Treatment had a rapid 
and sustained effect on urine SSC and thiosulfate. On 2nd day of treatment sulfite 
dipsticks were negative, and remained negative. Clinically the infant became more alert 
within 2 days, convulsions disappeared within 2 weeks and EEG showed markedly 
reduced epileptiform discharges. As of  she has been treated for nearly 
5 years. She has been reported to be able to play, smile, and communicate with her 
parents. 
 
Patient 2 – Male infant born at  gestation after uneventful pregnancy. 
Diagnosed with MoCD type A at  due to affected sibling. Was feeding well 
during first few days but became encephalopathic with high-pitched cry and abnormally 
high muscle tone. Had abnormal EEG. Was started on rcPMP at  Clinical 
improvement observed from 2nd day treatment. Patient has been treated for over 3 
years. Has mild degree of gross motor developmental delay but has tolerated rcPMP 
infusions except for recurrent line infections. 
 
Patient 3 – Male patient born at  after uneventful pregnancy. Presented with 
significant brain injuries and diagnosed with MoCD type A at  cPMP started 

. Clinical improvement was observed from the 2nd day of treatment and the 
baby became less irritable, more alert, and convulsions and twitching disappeared 
within first 2 weeks. The baby was self-feeding after 10 days of rcPMP treatment. At

infant had settled down, but was irritable and hyperexcitable.  Has been treated 
for over 3 years. Main AEs are lower respiratory tract infections and line infections. 
 
Patient 4 – Female infant diagnosed prenatally with MoCD type A. Birth induced at  

 gestation. Soon after birth had brief period seizures but no further signs of 
neurologic deterioration.  post birth EEG showed burst suppression without 
electrographic signs of epileptic activity. rcPMP started at . Has been 
on treatment for over 3 years and has never experienced clinical seizures. Central line 
infections reported but no drug-related adverse events or laboratory abnormalities 
observed. 
 
Patient 5 – Female infant diagnosed prenatally with MoCD type A.  E. Coli derived 
cPMP initiated  after delivery. During the  the patient 
displayed normal growth parameters, but hypotonicity and delayed abilities in 
establishing interactions were observed since the initiation of rcPMP. From age

 forward neurodevelopment has been almost normal. She has been seizure free 
and urinary biomarker levels have been normal. 
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Patient 14 – Female infant presented with seizures, brain injury and cytotoxic edema. E. 
Coli derived cPMP initiated at . As for  patient has been treated for 
over 6 months, but otherwise no further information on health status is available. 
 
Conclusion: 
Alexion Pharmaceuticals has applied for breakthrough therapy designation for 
ALXN1101 for the treatment of molybdenum co-factor deficiency (MoCD) type A. MoCD 
is a rare genetic disorder with <200 patients identified world-wide. It’s true prevalence is 
likely greater due non-diagnosis in patients presenting with seizures in the neonatal 
period. MoCD is both serious and life-threatening, and most patients present with and 
succumb to the disease early in their life. The sponsor has provided data on a small 
cohort of patients treated with an E. coli derived recombinant form of cPMP. Six patients 
remain on therapy to date. 
 
Division’s Recommended Regulatory Action: 

The applicant has not provided the link between rcPMP and cPMP because they have 
not supplied data on the structure of rcPMP given to patients. After discussion with the 
Medical Policy Council it was decided that an information request be sent to the sponsor 
to obtain this information. Although the sponsor has not verified the clinical data 
described in the application and provided by  there is 
adequate information to suggest that the drug improves the clinical status of these 
mortally ill patients. Therefore, if the sponsor provides data showing that the structure of 
the drug product given to patients is the same as the drug they are proposing 
breakthrough therapy designation should be given. 

Questions for the Medical Policy Council: 
 
Question 1: 
The Division believes that ALXN1101 meets the criteria for a breakthrough therapy 
designation but requires confirmation that the material given to patients is the same as 
the synthetic version for which they are requesting breakthrough therapy. 
 Does the Council agree? 
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