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MEETING MINUTES

Eiger BioPharmaceuticals Inc.
Attention: Amy Ding, PhD, RAC
Associate Director, Regulatory
2155 Park Boulevard
Palo Alto, CA 94306

Dear Dr. Ding:1

Please refer to your investigational new drug application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for Lonafarnib.

We also refer to the meeting between representatives of your firm and the FDA on
October 8, 2019. The purpose of this pre-NDA meeting was to discuss and reach the 
agreement with the Agency on the format and content of the planned NDA. 

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 me at (301) 796-1023.

Sincerely,

{See appended electronic signature page}

Jenny Doan, BSN, MSN, PMP
CAPTAIN, U.S. Public Health Service
Regulatory Health Project Manager
Division of Gastroenterology and Inborn Errors
Products
Office of Drug Evaluation III
Center for Drug Evaluation and Research

1 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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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: October 8, 2019, 1:00 – 2:00 PM EST
Meeting Location: 10903 New Hampshire Avenue

White Oak Building 22, Conference Room: 1421
Silver Spring, Maryland 20903

Application Number: IND 139923
Product Name: Lonafarnib
Indication: Treatment of Hutchinson-Gilford Progeria Syndrome (HGPS) 

and progeroid laminopathies
Sponsor Name: Eiger BioPharmaceuticals

Meeting Chair: Kathleen Donohue, MD
Meeting Recorder: Jenny Doan, RPM

FDA ATTENDEES 

Office of New Drug/Division of Gastroenterology and Inborn Errors Products
Dragos G. Roman, M.D., Acting Director
Kathleen Donohue, M.D., Medical Officer Team Leader
Jane Filie, MD, Medical Officer
David Joseph, PhD, Pharmacology Team Leader
Ke Zhang, PhD, Pharmacology Reviewer
CAPTAIN Jenny Doan, BSN, MSN, Regulatory Project Manger

Office of Clinical Pharmacology/Division of Clinical Pharmacology III
Insook Kim, Ph.D., Clinical Pharmacology Team Leader
Dilara Jappar, Ph.D., Clinical Pharmacology Reviewer

Office of Biostatistics/Division of Biometrics III
Yan Wang, Ph.D., Statistical Team Leader
Hengrui Sun, Ph.D., Statistical Reviewer

Office of Safety and Epidemiology (OSE)
Lindsey W. Crist, PharmD, Risk Management Analyst, Division of Risk Management
Ivone Kim, MD, DPV
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SPONSOR ATTENDEES

David Cory, RPh MBA, Chief Executive Officer, Eiger
Ingrid Choong, Ph.D, Senior VP, Operation, Eiger 
David Apelian, MD PhD MBA, Board Member, Eiger
Rich Franco, Senior VP, Clinical Strategy and Program Lead, Eiger
Colin Hislop, MD, Senior Medical Advisor, Eiger

Amy Ding, PhD RAC, Director, Regulatory Affairs, Eiger

1.0 BACKGROUND

Eiger BioPharmaceuticals (Eiger) plans to submit a New Drug Application (NDA) for 
lonafarnib (LNF) for the treatment of Hutchinson-Gilford Progeria Syndrome (HGPS) 
and progeroid laminopathies (PL) in Q4, 2019, based on the clinical data collected by 
study investigators and funded by The Progeria Research Foundation (PRF) and 
National Institutes of Health (NIH). The purpose of this pre-NDA meeting is to seek the 
Agency’s agreement on the format and content of clinical sections of the planned NDA.

Lonafarnib is a tricyclic farnesyltransferase inhibitor, and the indication the Applicant 
seeks is the treatment of Huntington-Gilford Progeria Syndrome (HGPS) and progeroid 
laminopathies (PL) in children 12 months of age and older. The formulations intended 
for marketing are 50 mg and 75 mg oral capsules.

Lamins are structural protein components of the nuclear lamina, a protein network 
underlying the inner nuclear membrane that determines nuclear shape and size and 
three types of lamins, A, B and C have been described in mammalian cells. The LMNA 
gene encodes lamin A and lamin C. Laminopathies are rare diseases caused by 
mutations in LMNA or other nuclear envelope genes or in genes structurally or 
functionally related to the nuclear envelope.

Hutchinson-Gilford Progeria Syndrome affects approximately one in twenty million, and 
at any given time approximately 350-400 children live with progeria worldwide, and the 
estimated birth rate is one in four million births. HGPS is the most prevalent of the 
premature-aging syndromes and it results from the production of a truncated prelamin 
A, called progerin, which is farnesylated at its C terminus and accumulates at the 
nuclear envelope, causing misshapen nuclei. Non-progerin-producing progeroid 
laminopathies are various phenotypes that overlap with HGPS, in which pathogenic 
variants in LMNA result in a variety of lamin A abnormalities.

The phenotype of the HGPS is variable. Typical childhood-onset phenotype includes 
postnatal growth retardation, midface hypoplasia, micrognathia, osteoporosis, absence 
of subcutaneous fat, low body weight, lipodystrophy, decreased joint mobility, alopecia, 
and premature aging. Median life expectancy is approximately 13 years. The major 
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direct causes of death are cardiovascular problems. For progeroid laminopathies the 
time of onset of the disease, set of symptoms and severity depend on the type of 
mutations. There are no available treatments for HGPS or progeroid laminopathies.  

FDA sent Preliminary Comments on October 3, 2019.  The meeting took place as 
scheduled on October 8, 2019.

2.0 DISCUSSION

Meeting Discussion: Refer to Eiger’s slide presentation attached.

The Sponsor agreed to include in the NDA all of the FDA suggested 
analyses in the survival analysis SAP. The sponsor also mentioned that 
their proposed least favorable matching methodology represented the 
most conservative analysis within the SAP. When combined with FDA’s 
recommended matching methods, the results can serve as a “tipping 
point” analysis. FDA agreed this was acceptable.

The Sponsor clarified that they understand that all analyses are post-hoc 
and will contribute collectively to the evaluation of efficacy. They 
proposed to use a random matching method applied to ProLon1 and 
ProLon2 monotherapy data as the key analysis. FDA agreed this was
acceptable.

FDA noted that a successful NDA will need to include 1) a robust 
discussion of potential for selection bias, including a summary of key 
measures in the study design and conduct that were aimed at minimizing
selection bias; 2) sensitivity analyses exploring the degree to which the 
results are robust to potential imbalances between treatment and control 
groups; 3) and provide Eiger’s best argument that the results are robust 
to the limitations of an externally-controlled study.

The Sponsor clarified that so far they have only brief summary reports 
but no patient-level data either in line listings or data sets for four clinical 
pharmacology studies (P00042, P00260, P02673, P00393). The Sponsor 
has contacted Merck to try to locate data sets for these studies and will 
submit them if they can be located. The FDA agreed that lack of patient-
level data would be a review issue rather than a filing issue for these four 
studies, and noted that it may limit labeling. 

The Sponsor commented that lonarfarnib is a sensitive CYP3A4 substrate 
and rifampin, a CYP3A4 inducer, substantially decreased the systemic 
exposure to lonarfanib, and plans to contraindicate concomitant use of 
strong CYP3A4 inducers.  FDA recommended that the sponsor address 
the effects of moderate CYP3A4 inducers on lonafarnib systemic 
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exposure in the labeling.  Eiger stated they’re planning PK modeling and 
simulation to address the effects of moderate CYP3A4 inducers and 
added that this was also requested by another regulatory agency.

The Sponsor offered to submit the clinical and in vitro data to support a 
Progeroid Laminopathy indication no later than 30 days after NDA 
submission, and the FDA agreed that this was acceptable. 

FDA agreed with Eiger’s proposed plan to provide a complete safety data 
package for lonafarnib monotherapy at the time of NDA submission. 
Eiger requested and the FDA agreed to offer regulatory flexibility 
regarding the timeline for submission of the non-serious AEs from the 
triple therapy study and all safety data from the everolimus study (at the 
120-day safety update).

Post-Meeting Comment: We note on slide 7 for our recent Pre-NDA meeting that 
 

 Please provide additional justification for this 
recommendation in your NDA.

Question 1: 
Based on the criteria that HGPS and PL are fatal diseases, and lonafarnib has 
demonstrated the potential to provide a significant improvement in effectiveness with 
favorable safety results, Eiger plans to submit a Priority Review request at the time of 
filing NDA.

Does the Agency agree the Progeria program meets the required criteria for Priority 
Review?

FDA Response:
You may request priority review when you submit your NDA, however we do not make a 
determination regarding priority review until filing.

Question 2: 
2a) Does the Agency agree with the proposed RMP outline, including the use of a 
global disease registry to support monitoring of long-term efficacy and safety of 
lonafarnib?

FDA Response:
Your proposal appears reasonable. The risk mitigation plan will be a review issue.

2b) Does the Agency need a full RMP submitted for review?

FDA Response:
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You are not required to submit a formal risk mitigation plan with the NDA, however, your 
overall approach to risk management will be a review issue.

Question 3: 
In addition to the clinical study data available for 3 PL patients that will be submitted in 
original NDA, Eiger also plans to submit data demonstrating the effects of lonafarnib on 
human fibroblast cell lines from patients with HGPS and various PLs to support the 
mechanistic (molecular) rationale for lonafarnib for the treatment of PL. The final study 
report for this study is expected to be available late in 2019 or the start of 2020.

If the study report is not available at the time of submission of the NDA, does the 
Agency agree the study report can be submitted as an Information Amendment during 
the review of NDA?

FDA Response:
Your NDA has to be complete at the time of submission. We recommend that the NDA 
contain all information necessary to support the indication you are seeking. If the study 
report is not available at the time of NDA submission, you may submit it as an efficacy 
supplement later on to support expanding the indication.

Question 4: 

4a) The current analysis of the survival results have been obtained using multiple
matching methodologies and various proxies intended to characterize any differences
in the general healthcare environment of those countries with treated and untreated
HGPS patients. The draft results demonstrate that patients treated with lonafarnib 
realize a survival benefit. Does the Agency agree that given the various methods and
matching criteria used there is sufficient evidence to assess the survival benefit
associated with lonafarnib treatment?

FDA Response:
Your proposed matching methods are reasonable. Please see our comments on the 
Statistical Analysis Plan (SAP). We will review and evaluate whether there is sufficient 
evidence for survival benefit in association with lonafarnib treatment after receiving the 
submission.

4b) Mortality data from ProLon 1 and ProLon 2 patients treated with lonafarnib in
combination with other therapeutics will also be presented in the NDA. Because of
the potential confounding effects arising from the simultaneous administration of
multiple therapeutics, these analyses will be regarded as exploratory in nature. Does
the Agency agree with this approach?

FDA Response: 
Your proposed plan to conduct analyss on all-cause mortality from ProLon1 and 
ProLon2 patients treated with lonafarnib in combination with other therapies is 
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acceptable. However, we prefer not to define this analysis as exploratory because all 
the analyses in the SAP are post-hoc and will contribute collectively to the evaluation of 
the treatment effect of lonafarnib.  For the same reason, we prefer to avoid using the 
term “primary analysis” in the SAP.  

Question 5: 
The efficacy (mortality analysis) results will be presented in appropriate Tables, Listings 
and Figures (TLFs) as TOC of TLFs provided in Appendix 9.

Does the Agency agree with the proposed format for efficacy data presentation?

FDA Response: 
Your proposed format for efficacy presentation is reasonable in general. See our 
comments on the SAP. Additionally, we recommend that you graphically present the 
patient profiles of the follow-up periods for four cohorts of the treated patients (see 
mockup figure below) for ProLon1 (n=28), ProLon2 (n=36), New Triple Therapy Patients 
(n=19), New LNF+ Everolimus Patients (n=10). These four cohorts were described in 
Figure 7 on page 42 of the briefing document.

Question 6:
6a) Does the Agency concur with the pooling strategy and the data presentation plan for
primary and supportive analysis of safety for the ISS?

FDA Response: 
Your approach is acceptable. 

6b) Does the Agency agree with the proposal to only include the narrative summaries of
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data from the completed studies for HDV program and oncology program in the ISS?

FDA Response: 
Your approach is acceptable.

Question 7: 
Does the Agency agree with Eiger’s approach for case report tabulation submission as 
described above? 

FDA Response:
Your question asks about case report tabulation and refers the reader to section 5.5.5 of 
the briefing package, but this section does not describe case report tabulations. Rather, 
it describes the plan for submitting CDISC data packages for the studies outlined in 
Table 15. Your plan to submit CDISC data packages for the studies described in Table 
15 is acceptable. 
However, below Table 15, you note that you intend to submit only study reports, and not 
electronic datasets, for the following four clinical pharmacology studies, and this is not 
acceptable.

1. P00042 Bioavailability (BA) Study: Food effect studies
2. P00260 Healthy Subject PK and Initial Tolerability Study (Module 5.3.3.1)
3. P02673 Intrinsic Factor PK Study Reports (Module 5.3.3.3) 
4. P00393 Extrinsic Factor PK Study Reports (Module 5.3.3.4) 

See additional clinical pharmacology comments below.

Question 8:
During the compilation of the NDA, if Eiger has urgent clarifications/questions that need 
the Agency’s input, can Eiger expect a quick response from the Agency by email and/or                       
phone?

FDA Response:
The Agency would be glad to provide quick responses by email and/or phone for minor 
procedural questions. Substantive scientific questions should be submitted as a formal 
meeting request. 

Additional Clinical Pharmacology Comments:

Based on the Table 4, Summary Table of all Clinical Studies to be Included with the 
NDA (page 20-25) and Appendix 1 (Example of The ECTD Submission Table of 
Content on page 57-63), we could not identify studies that address several clinical 
pharmacology issues (see list below).  Please submit in the NDA all relevant clinical 
pharmacology studies to address the following:

Impact of hepatic impairment on exposure of lonafarnib  
Impact of renal impairment on exposure of lonafarnib
QT prolongation potential of lonafarnib. 
Impact of CYP3A inducer on lonafarnib exposure
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Effect of lonafarnib on OATP1B1 substrate (study EIG-LNF-009) and BCRP 
substrate (study EIG-LNF-008) as lonafarnib appears to be an inhibitor of 
OATP1B1 and BCRP
Dose linearity and drug accumulation upon multiple dosing. 

Please submit a tabulated list of all formulations (if different from the to-be-marketed 
formulation) that were used in each clinical trial with the corresponding study number.

In your NDA submission, we request you to provide the summary of in vitro drug-drug 
interaction study results by enzyme or transporter and the assessment of in vivo drug-
drug interaction potential in a tabulated format.

For all of the PK/PD studies that you plan submit in the NDA, provide electronic 
datasets containing individual plasma concentrations and PD data, as well as datasets 
for individual PK and PD parameters along with its corresponding define files.  For the
analysis datasets for additional analyses for PK and PD parameters such as statistical 
analyses for bioequivalence tests, provide the files in a readily analyzable format with 
each PK parameter in a distinct column.  In addition, the PK parameter dataset should 
also include subject ID, treatment, period, and sequence in different columns.  

Additional Statistical Analysis Plan (SAP) Comments:

1. The SAP (page 7) stated there are 27 patients in ProLon1 and 34 patients in 
ProLon2. However, Figure 7 on page 42 of the briefing document showed that 
those numbers were 28 and 36, respectively. Please clarify.

2. We have concerns regarding your proposed primary efficacy endpoint because it 
yielded substantially different follow-up times for the matched pairs. As a result, it 
is difficult to interpret the analysis results. For example, although only 2 patients in 
the treated cohort had a follow-up time beyond 3 years (Figure 1 on page 32 of the 
briefing document), this cohort had an estimated mean survival time beyond 6 
years (Table 5 on page 31 of the briefing document). Therefore, we do not 
recommend this primary endpoint. Instead, we recommend 3-year all-cause 
mortality and all-cause mortality as the key endpoints.

3. For the 3-year all-cause mortality endpoint prior to initiation of triple therapy or 
everolimus therapy, we recommend that you conduct survival analyses using the 
three matching methods (“random untreated”, “random within upper 50th percentile 
in untreated”, “least favorable match”) defined on page 9 of the SAP.  In these 
analyses, both patients in a matched pair should keep their own follow-up time if 
less than 3 years; otherwise the follow-up time will be censored at 3 years. 

4. For the all-cause mortality endpoint, we recommend that you conduct survival 
analyses using the three matching methods defined on page 9 of the SAP.  These 
analyses should include all deaths that occurred after the initiation of triple therapy 
or everolimus therapy.   
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5. For both the 3-year all-cause mortality endpoint and the all-cause mortality 
endpoint, we recommend that you conduct additional survival analyses using the 
following three fixed matching methods: (1) the first method selects the 50th

percentile of the untreated patients as the match, (2) the second method selects 
the upper 75th percentile of the untreated patients as the match, and (3) the third 
method selects the upper 100th percentile of the untreated patients as the match. 

6. In addition to the matched pair analysis, we recommend that you conduct survival 
analyses without matching for both the 3-year all-cause mortality endpoint and the 
all-cause mortality endpoint. These analyses should exclude the untreated patients 
who died at the age younger than the minimum age at treatment initiation in the 
treated cohort. These analyses should include sex and continent of residency as 
covariates.

7. For the above analyses # 3-6, we recommend that you provide the Kaplan-Meier 
survival curves with 95% confidence intervals at each event time point for the two 
cohorts (treated and untreated cohorts).  

3.0 OTHER IMPORTANT INFORMATION

DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION

As stated in our July 30, 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, as 
well as a timeline for review activities associated with a scheduling recommendation 
under the Controlled Substances Act for drugs with abuse potential. 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. 
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Information on the Program is available at FDA.gov.2

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. Please include a statement that confirms this finding, 
along with a reference to this communication, as part of the pediatric section (1.9 for 
eCTD submissions) of your application. If there are any changes to your development 
plans that would cause your application to trigger PREA, your exempt status would 
change.

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. Please include a statement that confirms this finding,
along with a reference to this communication, as part of the pediatric section (1.9 for
eCTD submissions) of your application. If there are any changes to your development
plans that would cause your application to trigger PREA, your exempt status would
change.

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 

2 https://www.fda.gov/ForIndustry/UserFees/PrescriptionDrugUserFee/default.htm
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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 
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.

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. 

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)

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. 
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Please refer to 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.

4.0 ATTACHMENTS AND HANDOUTS
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CDER Breakthrough Therapy Designation Determination Review Template (BTDDRT) 

 
IND/NDA/BLA # 139923 
Request Receipt Date November 2, 2018 
Product Lonafarnib 
Indication Hutchinson-Gilford Progeria Syndrome (HGPS) and Progeroid 

Laminopathies (PL) 
Drug Class/Mechanism of 
Action 

Farnesyl Transferase Inhibitor 

Sponsor Eiger Biopharmaceuticals 

ODE/Division ODE III/DGIEP 
Breakthrough Therapy  
Request(BTDR) Goal Date 
(within 60 days of receipt)  

January 2, 2019 

Note: This document must be uploaded into CDER’s electronic document archival system as a clinical review: 
REV-CLINICAL-24 (Breakthough Therapy Designation Determination) even if the review is attached to the 
MPC meeting minutes, and will serve as the official primary Clinical Review for the Breakthrough Therapy 
Designation Request (BTDR). Link this review to the incoming BTDR. Note: Signatory Authority is the Division 
Director. 
 
Section I: Provide the following information to determine if the BTDR can be denied without Medical 
Policy Council (MPC) review. 

 
1. Briefly describe the indication for which the product is intended (Describe clearly and concisely since the 

wording will be used in the designation decision letter): 
 

Hutchinson-Gilford Progeria Syndrome (HGPS)  is a rare, autosomal dominant, multisystem disease resulting from 
mutation of the LMNA gene that codes for lamin A, one of the proteins that form the nuclear lamina. The LMNA gene 
mutation results in the synthesis and accumulation of an abnormal farnesylated lamin A (progerin) which associates with 
the inner nuclear membrane and causes cellular damage and structural instability (Eriksson, Brown et al. 2003, Goldman, 
Shumaker et al. 2004, Cao, Capell et al. 2007). The disease manifests as “premature aging,” with clinical features that 
present within a few months after birth, including severe atherosclerotic disease, lipodystrophy, bone and cartilaginous 
changes (resorption of clavicles and distal phalanges, coxa valga, and beaked nose), short stature, delayed dentition, skin 
and ligamentous changes (scleroderma and joint contractures), graying hair, and hair loss (Gordon, Brown et al. 1993, 
Merideth, Gordon et al. 2008). Death occurs at an average age of 14.6 years and is predominantly due to myocardial 
infarction, stroke, or congestive heart failure secondary to atherosclerosis (Gordon, Shappell et al. 2018). The estimated 
incidence is 1 in 4 million births. Progeroid Laminopathies (PL) are caused by mutations in LMNA or proteins affecting 
the post-translational pathway of LMNA resulting in the formation of progerin-like proteins. PL present with similar 
phenotype and pathophysiology to HGPS (Gordon, Brown et al. 1993). Currently, there are no approved therapies for 
HGPS or PL; disease management is limited to supportive care. 
 
2. Are the data supporting the BTDR from trials/IND(s) which are on Clinical Hold? 
         YES  NO 
 
3. Was the BTDR submitted to a PIND?    YES  NO 

If “Yes” do not review the BTDR. The sponsor must withdraw the BTDR. BTDR’s cannot be submitted to a PIND. 
 

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

 
4. Consideration of Breakthrough Therapy Criteria:  
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a. Is the condition serious/life-threatening1)?   YES  NO  

  
 

If 4a is  checked “No,” the BTDR can be denied without MPC review. Skip to number 5 for clearance and sign-off.  If 
checked “Yes”,  proceed with below: 
 

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

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

   
i. Only animal/nonclinical data submitted as evidence   

ii. Insufficient clinical data provided to evaluate the BTDR 
(e.g. only high-level summary of data provided, insufficient information 
 about the protocol[s])       

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

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

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

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

If 4b is checked “No”,  BTDR can be denied without MPC review. Skip to number 6 for clearance and sign-off  (Note: 
The Division always has the option of taking the request to the MPC for review if the MPC’s input is desired. If this is 
the case, proceed with BTDR review and complete Section II).  If the division feels MPC review is not required, send 
the completed BTDDRT to Miranda Raggio for review. Once reviewed, Miranda will notify the MPC Coordinator to 
remove the BTDR from the MPC calendar. If the BTDR is denied at the Division level without MPC review, the BTD 
Denial letter still must be cleared by Miranda Raggio, after division director and office director clearance. 
 
If 4b is checked  “Yes” or “Undetermined”,  proceed with BTDR review and complete Section II, as MPC review is 
required. 

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

 
Deny Breakthrough Therapy Designation   
 
Reviewer Signature:  {See appended electronic signature page} 
Team Leader Signature:  {See appended electronic signature page} 
Division Director Signature: {See appended electronic signature page} 

                                                 
1 For a definition of serious and life threatening see Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf 
2 For a definition of available therapy refer to Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf 
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__________________________________________________________________________________________________ 
Section II: If the BTDR cannot be denied without MPC review in accordance with numbers 1-3 above,  
or if the Division is recommending that the BTDR be granted, provide the following additional 
information needed by the MPC to evaluate the BTDR. 
 
7. A brief description of the drug, the drug’s mechanism of action (if known), the drug’s relation to existing 

therapy(ies), and any relevant regulatory history.  Consider the following in your response.  
 
Lonafarnib is a farnesyltransferase inhibitor. In patients with HGPS or PL, the persistent farnesylation of progerin and 
progerin-like proteins permits association with the inner nuclear membrane and subsequent cellular damage (Gordon, 
Brown et al. 1993, De Sandre-Giovannoli, Bernard et al. 2003, Eriksson, Brown et al. 2003). By inhibiting 
farnesylation, lonafarnib prevents accumulation of pre-progerin and progerin-like proteins. Lonafarnib has been 
shown in in vitro studies to normalize nuclear deformations in HGPS fibroblasts. Studies in an HGPS mouse model, 
have shown that lonafarnib can improve vascular disease, reduce fractures, increase weight, and prolong life(Capell, 
Erdos et al. 2005, Fong, Frost et al. 2006, Capell, Olive et al. 2008).  
 
Currently there are no approved treatments for HGPS and PL. Standard of care includes symptomatic relief and 
treatment of secondary complications. HGPS and PL are fatal conditions, and death occurs at an average age of 14.6 
years (Gordon, Shappell et al. 2018). 
 
Lonafarnib has been studied for HGPS and PL under INDs . For a review of 
regulatory interactions under these development program, see clinical review March 29, 2018 under IND  

 
 

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

a. Describe the endpoints considered by the sponsor as supporting the BTDR and any other endpoints the sponsor 
plans to use in later trials. Specify if the endpoints are primary or secondary, and if they are surrogates. 

The primary endpoint considered by the sponsor as supportive of the BTDR is all-cause mortality. The supportive 
data was provided by a prospectively designed observational cohort study (Gordon, Shappell et al. 2018) which 
compared all-cause mortality in patient treated with lonafarnib monotherapy from one completed phase 2 clinical 
trial (ProLon1 cohort) and an ongoing extension study (ProLon 2 cohort) with contemporaneous, age-, gender-, 
and continent- matched untreated patients. As published, this study demonstrated an 88% reduction in the risk of 
dying over the 2.2 year follow-up period [hazard ration of 0.12 (95% CI 0.01-0.93; p=0.04)]. This finding was 
supported by a decrease in cardiovascular events in the treatment groups, which is known to be the predominant 
cause of mortality in the population.  
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Figure 1: Kaplan-Meier Survival Curves for Untreated and Treated Hutchinson-Gilford Progeria 
Syndrome Cohorts 

 
Source: Gordon, L. B., et al. Association of Lonafarnib Treatment vs No Treatment With Mortality Rate in Patients With Hutchinson-Gilford Progeria Syndrome. 
2018. JAMA, 319(16), Figure 3. 1687-1695.  

 

b. Describe the endpoint(s) that are accepted by the Division as clinically significant (outcome measures) for 
patients with the disease. Consider the following in your response: 

Mortality has been accepted as a clinical endpoint for patients with HGPS and PL. Additional endpoints that have 
been accepted by the Division from other INDs for treatments for HGPS and PL include:  

1. Incidence of: alive at end of study and annual increase in weight gain > 50% larger than the weight gain 
in the year prior to the study (or any weight gain if the subject lost weight in the year prior), and 

2. Incidence of alive at end of study and decrease in pulse wave velocity of 1 m/s from baseline to end of 
study. 
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c. Describe any other biomarkers that the Division would consider likely to predict a clinical benefit for the 
proposed indication even if not yet a basis for accelerated approval. 

A novel assay to detect progerin has been presented by the Progeria Research Foundation and has been accepted 
into the Biomarker Qualification Program. The Letter of Intent Decision Letter was issued on September 5, 2018. 
The clinical significance or utility as a pharmacodynamic biomarker of this assay has not yet been established.   

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

There are currently no available therapies for the treatment of HGPS and PL.  
 

10.  A brief description of any drugs being studied for the same indication, or very similar indication, that  
      requested breakthrough therapy designation3.   
  
 There are no additional drugs being studied for HGPS or PL that requested BTD. 
 
 
11.  Information related to the preliminary clinical evidence:  
  

a. Table of clinical trials supporting the BTDR (only include trials which were relevant to the designation 
determination decision), including study ID, phase, trial design4, trial endpoints, treatment group(s), number of 
subjects enrolled in support of specific breakthrough indication, hazard ratio (if applicable), and trial results.   
 
Table 1. Table of clinical trials 
Study ID Phase Trial Design Endpoints Treatment Groups Results 
Prolon 2 Historical 

controls 
All-cause 
mortality 

ProLon1 (n = 27)  
ProLon2 extension (n = 36) 
Natural history controls (n = 103) 

hazard ration of 0.12 (95% 
CI 0.01-0.93; p=0.04) 

 
 

b.    Include any additional relevant information. Consider the following in your response: 
 

 Explain whether the data provided should be considered preliminary clinical evidence of a substantial 
improvement over available therapies. In all cases, actual results, in addition to reported significance 
levels, should be shown.  Describe any identified deficiencies in the trial that decrease its persuasiveness . 

 Identify any other factors regarding the clinical development program that were taken into consideration 
when evaluating the preliminary clinical evidence, such as trial conduct, troublesome and advantageous 
aspects of the design, missing data, any relevant nonclinical data, etc. 

 Safety data: Provide a brief explanation of the drug’s safety profile, elaborating if it affects the Division’s 
recommendation. 

The Sponsor performed an observational cohort study in patients with HGPS and PL from 1991 to 2018. The 
study compared two cohorts of patients treated with lonafarnib (ProLon 1, n=27 and ProLon2, n=36), to a third 

                                                 
3 Biweekly reports of all BTDRs, including the sponsor, drug, and indication, are generated and sent to all CPMSs. 
4 Trial design information should include whether the trial is single arm or multi-arm, single dose or multi-dose, randomized or non-
randomized, crossover, blinded or unblinded, active comparator or placebo, and single center or multicenter. 
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cohort of contemporaneous untreated controls with HGPS and PL (n=103). Patients were recruited from a 
Progeria registry and publicly available databases, publications and news articles (See Figure 2 below). The 
investigators took several steps to minimize selection bias, including access to logistical assistance, no-cost 
availability of genetic testing, interpreters, and coverage of trial-related expenses for travel, lodging, research 
testing, and medications for patients in the treatment and control cohorts. Lonafarnib was administered every 12 ( 
± 2) hours orally at 115mg/m2 for 4 months and then escalated to 150mg/m2 for the trial duration. To minimize 
confounding, treated children were matched to untreated children by age, sex and continent of residency, and 
from this group of untreated potential matches, one was randomly selected for the analysis. The primary outcome 
was all-cause mortality. 

The primary analysis compared untreated patients to the ProLon1 cohort, and the secondary analysis compared 
untreated patients to patients from the Prolon1 and ProLon2 combined cohort. Unadjusted Cox proportional 
hazards regression, conditioned on the matched pair, was used to compare treated and untreated matched groups 
on mortality rates. Treated patients who were living at completion of the trial were censored at that time, and 
his/her untreated match was censored at the same length of follow-up. If any patient in the matched pair was lost 
to follow-up, the corresponding match was censored at the same follow-up time, and status was imputed as death 
for both patients for the analysis.  

As expected, treated and untreated pairs were well matched for age, sex and continent (See Table 2 below). The 
percentage of patients with a known genotype was higher for the treated cohort (100%) compared to the untreated 
cohort (41%). When identified (n = 73), the primary cause of death was heart failure (79.4%). The median 
treatment duration was 2.2 years. Median age at start of follow-up was 8.4 (interquartile range [IQR], 4.8-9.5) 
years in the first trial cohort and 6.5 (IQR, 3.7-9.0) years in the combined cohort. There was 1 death (3.7%) 
among 27 patients in the first trial group and there were 9 deaths (33.3%) among 27 patients in the matched 
untreated group. Treatment was associated with a lower mortality rate (hazard ratio, 0.12; 95%CI, 0.01-0.93; P = 
.04). In the combined cohort, there were 4 deaths (6.3%) among 63 patients in the treated group and 17 deaths 
(27.0%) among 63 patients in the matched untreated group (hazard ratio, 0.23; 95%CI, 0.06-0.90; P = .04) (See 
Figure 1 above). 

The study had several strengths. It demonstrated a statistically significant improvement in mortality despite a 
small sample size. Though the study relied on external controls, they were contemporaneous rather than historical. 
They were matched based on key confounders such as age, sex, and continent. The match was chosen randomly 
after selecting a pool of eligible patients based on those three characteristics. Furthermore, the analysis specified 
conservative assumptions for patients lost to follow-up. 

There are several limitations. Given the small sample size, it is unclear how many treated patients had more than 
one potential match available for randomized selection. Patients were not matched by birth year; whether the 
constancy assumption is met will be a review issue during the NDA. Though the investigators assert that the 
proportional hazards assumption was met citing a p-value > 0.2, details are not provided and it is unclear to this 
reviewer whether that is because of the small sample size or because indeed, the proportional hazards assumption 
was met. This too will be an NDA review issue. Lastly, though the effect size appears large, it is based on a fairly 
small number of events, and the correspondingly wide confidence intervals suggest that the true effect size may 
well be more modest.  

Lonafarnib has been studied for HGPS and PL under INDs  as both 
monotherapy and in combination with other therapeutic agents. Serious adverse events across the development 
programs include deaths (primarily cardiovascular), hip dislocation, nausea/vomiting, stroke, myocardial 
infarction, migraine, osteomyelitis, and heart failure. The most common treatment related adverse events in 
patients with HGPS and PL treated with lonafarnib monotherapy (IND ) were diarrhea, fatigue, nausea, 
vomiting, anorexia, and anemia. 
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Table 2. Patient Characteristics 
 No.(%)        
 Full Natural History 

Cohort (n = 258) 
Untreated 
(n = 195)b Treatment Trial 1 

(n = 27) 
Matched Untreated 
for Treatment Trial 
1 
(n = 27) 

Treatment Trial 2 
(n = 36) 

Matched Untreated 
for Treatment Trial 
2 
(n = 36) 

Treatment Trial 1 + 
Treatment Trial 2 
(n = 63) 

Matched Untreated  
for Treatment Trial 1 
+ 
Treatment Trial 2 
(n = 63) 

Female 123 (47.7) 93(47.7) 16(59.3) 16 (59.3) 14(38.9) 14 (38.9) 30 (47.6) 30 (47.6) 
Age, y         
   Mean (SD) NAc NAc 7.6 (3.2) 7.6 (3.2) 6.4 (4.0) 6.4 (4.0) 6.9 (3.7) 6.9 (3.7) 
   Median (IQR) NAc NAc 8.4 (4.8-9.5) 8.4 (4.8-9.5) 5.2 (3.6-8.4) 5.2 (3.6-8.4) 6.5 (3.7-9.0) 6.5 (3.7-9.0) 
Born 
≥1991d 166 (64.3) 103(52.8) 27(100.0) 27 (100.0) 36 (100) 36 (100.0) 63 (100.0) 63 (100.0) 

Known 
genotype 141 (54.7) 79(40.5) 27(100.0) 13 (48.1) 36 (100) 19 (52.8) 62 (98.4) 34 (54.0) 

Mutationd         
c.1824C>T; 
p.G608G 125 (88.6) 66 (83.5) 26 (96.3) 13 (100.0) 33 (94.3) 17 (89.5) 59 (95.2) 28 (82.4) 

Continente         
   Africa 12 (4.7) 10 (5.1) 0 0 2 (5.6) 1 (2.8) 2 (3.2) 1 (1.6) 
   Asia 67 (26.0) 50 (25.6) 4 (14.8) 4 (14.8) 13 (36.1) 12 (33.3) 17 (27.0) 19 (30.2) 
   Australia 3 (1.2) 2 (1.0) 0 0 1 (2.8) 0 1 (1.6) 0 
   Europe 48 (18.6) 38 (19.5) 8 (29.6) 8 (29.6) 2 (5.6) 4 (11.1) 10 (15.9) 15 (23.8) 
  North America 85 (33.0) 63 (32.3) 11 (40.7) 8 (29.6) 11 (30.6) 11 (30.6) 22 (34.9) 13 (20.6) 
  South America 43 (16.7) 32 (16.4) 4 (14.8) 7 (25.9) 7 (19.4) 8 (22.2) 11 (17.5) 15 (23.8) 
Source Gordon et al. JAMA 2018  Abbreviation: IQR, interquartile range 
a. Unless otherwise indicated.  
b. Of the 195 patients, 16 were treated in a separate combination therapy trial and were included in the overall assessment of untreated survival (Figure 3, A and B), in which they were censored at the time of combination 

trial treatment initiation; these 16 patients were not included in any analyses comparing lonafarnib-treated with completely untreated patients in this investigation.  
c. Data not applicable (NA) because not all untreated patients were included in the matched treated vs untreated analysis (born before 1991 or not matched to an untreated patient); hence, age at start of follow-up in treated vs 

untreated comparisons is not applicable for the populations that contain all untreated patients. In Figure 3A (overall untreated survival), these patients, as with all patients described in Figure 3, were followed up from birth.  
d. Patients with known genotype.  
e. For 5 of 27 treated patients in the treatment trial 1 analysis, 16 of 63 treated patients in the treatment trial 1 + treatment trial 2 analysis, and 4 of 36 treated patients in the treatment trial 2 analysis, an exact match on 

continent of residency could not be found, so the requirement for matching on continent was relaxed for these patients; the overall distribution of continents between the treated and untreated groups was still similar (P2: 
.20). 
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Figure 2. Flow of Patients Through the Study 

 

 

Source: Gorden et al. JAMA 2018 Two hundred fifty-eight patients were used to construct the untreated natural history analysis (panel A). Of these, 87 
patientswere both contemporaneous with the treatment trial patients and not included in a treatment trial at any time. To compare mortality rates among 
treated vs untreated patients, random matchingwas performed whereby (panel B) 27 patients from treatment trial 1, 63 patients from treatment trial 1 plus 
treatment trial 2, and 36 patients from treatment trial 2were randomly matched on age, sex, and continent of residency in 3 separate analyses. 
a These are the treated patients used in treatment trial 1–treated vs matched untreated comparison of mortality rates. 
b These are the treated patients used in the treatment trial 2–treated vs matched untreated comparison of mortality rates. 
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12. Division’s recommendation and  rationale (pre-MPC review): 
GRANT : 

Provide brief summary of rationale for granting:  

Preliminary clinical evidence indicates that lonafarnib treatment may provide a substantial improvement in mortality for 
Progeria, a serious and life-threatening disease with no approved therapies. The criteria specified in our guidance5 for 
Breakthrough designation note that a single-arm study compared to well-documented historical experience can provide 
preliminary clinical evidence if the treatment effect is large. Since both historical controls and a contemporaneous cohort 
both are forms of external controls, and this program relied on the latter, the Division concludes that this criteria is 
addressed. Furthermore, the treatment effect appears substantial. Though study design and conduct were marked by 
several limitations as discussed above, we believe the results provide sufficient preliminary clinical evidence to support 
Breakthrough designation.  
 
 
            DENY:  

Provide brief summary of rationale for denial: 

Note that not looking as promising as other IND drugs is not a reason for denial; the relevant comparison is with 
available (generally FDA-approved) therapy. If the Division does not accept the biomarker/endpoint used as a basis for 
traditional approval or accelerated approval or as a basis for providing early clinical evidence of a substantial 
improvement over available therapy, explain why: 

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

a. If recommendation is to grant the request, explain next steps and how the Division would advise the sponsor (for 
example, plans for phase 3, considerations for manufacturing and companion diagnostics, considerations for 
accelerated approval, recommending expanded access program):   

The Division has provided advice to the sponsor regarding the necessary components and analysis plans for a 
marketing application. An NDA for lonafarnib for the treatment of HGPS and PL is anticipated in 2019. 

b. If recommendation is to deny the request and the treatment looks promising, explain how the Division would 
advise the sponsor regarding subsequent development, including what would be needed for the Division to 
reconsider a breakthrough therapy designation: 

14. List references, if any:  
References:  
Cao, K., B. C. Capell, M. R. Erdos, K. Djabali and F. S. Collins (2007). "A lamin A protein isoform 
overexpressed in Hutchinson-Gilford progeria syndrome interferes with mitosis in progeria and normal cells." 
Proc Natl Acad Sci U S A 104(12): 4949-4954. 
Capell, B. C., M. R. Erdos, J. P. Madigan, J. J. Fiordalisi, R. Varga, K. N. Conneely, L. B. Gordon, C. J. Der, A. 
D. Cox and F. S. Collins (2005). "Inhibiting farnesylation of progerin prevents the characteristic nuclear 
blebbing of Hutchinson-Gilford progeria syndrome." Proc Natl Acad Sci U S A 102(36): 12879-12884. 
Capell, B. C., M. Olive, M. R. Erdos, K. Cao, D. A. Faddah, U. L. Tavarez, K. N. Conneely, X. Qu, H. San, S. 
K. Ganesh, X. Chen, H. Avallone, F. D. Kolodgie, R. Virmani, E. G. Nabel and F. S. Collins (2008). "A 
farnesyltransferase inhibitor prevents both the onset and late progression of cardiovascular disease in a progeria 
mouse model." Proc Natl Acad Sci U S A 105(41): 15902-15907. 

                                                 
5 Guidance for Industry Expedited Programs for Serious Conditions – Drugs and Biologics 
https://www.fda.gov/downloads/Drugs/Guidances/UCM358301.pdf 
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Moses, P. Berglund, A. Dutra, E. Pak, S. Durkin, A. B. Csoka, M. Boehnke, T. W. Glover and F. S. Collins 
(2003). "Recurrent de novo point mutations in lamin A cause Hutchinson-Gilford progeria syndrome." Nature 
423(6937): 293-298. 
Fong, L. G., D. Frost, M. Meta, X. Qiao, S. H. Yang, C. Coffinier and S. G. Young (2006). "A protein 
farnesyltransferase inhibitor ameliorates disease in a mouse model of progeria." Science 311(5767): 1621-1623. 
Goldman, R. D., D. K. Shumaker, M. R. Erdos, M. Eriksson, A. E. Goldman, L. B. Gordon, Y. Gruenbaum, S. 
Khuon, M. Mendez, R. Varga and F. S. Collins (2004). "Accumulation of mutant lamin A causes progressive 
changes in nuclear architecture in Hutchinson-Gilford progeria syndrome." Proc Natl Acad Sci U S A 101(24): 
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15. Is the Division requesting a virtual MPC meeting via email in lieu of a face-to-face meeting?  YES    NO 

 
 
16. Clearance and Sign-Off (after MPC review): 
 
Grant Breakthrough Therapy Designation   
Deny Breakthrough Therapy Designation  
 
Reviewer Signature:              Erica Lyons 
Team Leader Signature:  Katie Donohue 
Division Director Signature: Dragos Roman 
 
 
 
 
Revised 10/3/18/M. Raggio 
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