IcC

SMA Summit on Drug Development

Saturday, September 29, 2007

Use of a Drosophila SMN Model in a High Throughput Small Molecule Screen to
Identify Novel Therapeutics for SMA

Jon Tinsley, Ph.D.

Summit, plc

Biography

Dr. Tinsley completed his undergraduate and postgraduate education at Leeds and Birmingham University
respectively in the field of molecular virology and cell biology, receiving his PhD in 1991. He continued in
academia which included several years in the laboratory of Prof. Kay Davies FRS working primarily on
utrophin upregulation therapy for Duchenne Muscular Dystrophy, but also SMA, resulting in 30 publications
and three patents. Dr. Tinsley received a prestigious MRC Non-clinical Senior Fellowship developing
proteomic and transcriptomic technologies for neurological diseases. His next move took him into Biotech
arena with Oxagen, as Head of Biology implementing and running a multi-faceted biology group. He worked on
a number of target identification and drug discovery projects identifying novel therapeutic targets and saw the
progression of a number of compounds into preclinical development. He joined Summit plc (formerly VASTox)
as Head of Biology (now Director Therapeutic Programmes) in the spring of 2005, tasked with developing the
biology platform, particularly the in vivo screening platform, for internal drug discovery programs and external
client work. Summit plc now has several large compound screens running through in vivo models utilising both
zebrafish and Drosophila for a number of indications including SMA, cancer and osteoporosis. Currently
Summit plc’s DMD programme is progressing through preclinical development with first in man studies
planned for early 2008.

Abstract

We are currently utilising high throughput model organism screens to identify modulators of
Smn protein deficiency. The model system described utilises the novel well validated smn
mutant Drosophila line originally developed by Dr. Marcel van Heuvel, at the University of

Oxford.

Current pharmacological strategies for SMA therapies are specific upregulation of SMN2 in
order to generate functional levels of SMN or the development of non-specific
neuroprotective agents. This approach differs from both by identifying compounds which
have the ability to drive alternative pathways to protect specifically against Smn deficiency.
Utilising the model system described above potentially allows for a unique screening
paradigm where one could modify cellular adaptive mechanisms to bypass the Smn
deficiency with resultant protection of the motor neurons and neuromuscular junctions.

We have identified a number of hit compounds from our small molecule library capable of
suppressing the motility defects seen in the SMN deficient larvae using proprietary imaging
techniques to firstly identify gross larval motility by food churning, followed by assessment
of frequency of muscle body wall contractions in the Smn protein deficient larvae. We have
identified a number of analogues from some of the original hits and confirmed that a subset
of these chemical series also reduces the disorganisation of the SMN deficient NMJ.

This data will be presented and potential next steps in the programme discussed.
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Identifying Novel SMA Drug Targets and Therapeutics
Leo Liu, M.D.

Cambria Biosciences

Biography

Leo Liu, M.D., is the President and CEO of Cambria Biosciences, a Boston-area biotechnology company. Dr.
Liu has led Cambria from inception through technology development and revenue-generating stages to its
current focus on the discovery of novel therapeutics for serious neuromuscular diseases and other brain
disorders. He received his medical education at Stanford and postdoctoral clinical and research training in
internal medicine, infectious diseases, and molecular biology at Beth Israel Hospital and Imperial College
(London). He subsequently served an Assistant Professor of Medicine at Harvard Medical School, specializing
in tropical medicine and emerging infectious diseases. Dr. Liu has been a recipient of multiple grant awards
from the NIH and is an author of over 50 scientific publications. Prior to founding Cambria Biosciences, Dr.
Liu was Director of Scientific Strategy at Axys Pharmaceuticals (now Celera Genomics). He also serves as a
trustee of the Boston Museum of Science and an overseer of the Jackson Laboratory, a genetics research
institute in Maine. Leo and his wife Dr. Penny Noyce have five children with whom they enjoy skiing, cycling,
horseback riding, and adventure travel.

Abstract

Most therapeutic discovery efforts for SMA have focused on identifying agents that increase
expression and/or proper splicing of SMN2. However, no drugs have previously been
successfully developed that selectively upregulate a single target gene, and effective
treatment of SMA is likely to require medicines that act via complementary “modifier”
pathways. We are pursuing potential genetic and chemical suppressors of SMN deficiency
by exploiting the invertebrate model animals Caenorhabditis elegans and the fruit fly
Drosophila melanogaster, which offer industrially scalable advantages of rapid generation
times, large brood sizes, and adaptability to high-throughput microplate assays. We
performed a forward genetic screen for suppressors of the C. elegans null mutant smn-1A
(0k355), but found no suppressors after screening 175,000 diploid genomes. We have
subsequently performed genetic screens for temperature-sensitive mutants that fail to
complement and for missense mutations within the smn-1 coding region. We have identified
>15 mutants predicted to alter the SMN-1 protein, and are characterizing these mutants with
academic collaborators. We have also performed a chemical screen for rescue of SMN
deficiency using the Drosophila null mutant smn”>*°, but found no phenotypic rescue of
larval lethality after screening ~50,000 diverse small molecule compounds. We therefore
plan to develop improved Drosophila SMA disease models which incorporate temporally and
spatially regulatable expression of the SMN gene. These initial results indicate that “bypass”
suppression of a null allele of SMN is extremely difficult, and underscore the need to develop
and characterize a broad range of SMN partial loss-of-function alleles in multiple
invertebrate and vertebrate model organisms.
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Sodium Phenylbutyrate (NaPB) for the Potential Treatment of SMA
Lou Barbato, M.D.
Tikvah Therapeutics

Biography

Lou Barbato, MD is Vice-President Research & Development, Chief Medical Officer at Tikvah Therapeutics
Inc. Dr. Barbato is responsible for all U.S. and global preclinical, and clinical research and development
programs in the company’s therapeutic areas of psychiatry and neurology. Dr. Barbato is a global industry
veteran with a track record of accomplishments as an executive manager with extensive experience in the
design, development, execution, monitoring and reporting of clinical trials in various therapeutic areas
including numerous CNS disorders as well as in oncology and infectious diseases. He has demonstrated broad
based expertise in both the clinical and preclinical realms, working in a global company leading teams and
providing strategic medical direction for the commercialization and medical marketing of products.
Additionally he has experience in coordinating major clinical development programs with international
development partners and interfacing with international regulatory agencies.

Lou previously served as Director, Neuroscience-U.S. Clinical Development and Medical Affairs for Marietta-
based Solvay Pharmaceuticals, Inc., where he directed the global strategic development and medical activities
related to new product development and support for medical marketing. He led Phases 11 and I11-1V clinical
trials to evaluate psychiatric compounds for the treatment of obsessive compulsive disorder, anxiety, and
schizophrenia, neurological compounds for migraine and Parkinson’s disease, and oncology compounds for
nausea/vomiting cancer chemotherapy and appetite/weight loss in patients with AIDS. Prior to his role with
Solvay Pharmaceuticals, Barbato served as Senior Program Manager/Chief Safety Officer and Medical
Director of Oxford Pharmaceuticals in the therapeutic areas of psychiatry, respiratory and analgesia and with
medical devices and was involved in the successful launch of products. He has been responsible for the filing of
several NDAs.

Abstract
Sodium phenylbutyrate (NaPB) for the potential treatment of spinal muscular atrophy (SMA)
and allied neurodegenerative diseases (ALS and MS).
e A proprietary oral formulation with additional IP covering classes of compounds and
mechanisms of action in treatment of SMA
e Efficacy demonstrated in proof of concept trials in SMA patients; additional trials in
progress with varying results
e Safety demonstrated in use of current product
e Mechanism of action is to increase protein production
e Confirmed ex vivo in cells from SMA patients and genetically engineered SMA
animal models
e Potential label expansion opportunities in ALS and MS
e Unique formulation offers significant advantages in accurate dosing, compliance, and
routes of administration
e Intellectual Property is secure
e Formulation and method of use
e Additional IP covering various classes of compounds and mechanisms of action in
treatment of SMA
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Families of SMA - deCODE - Quinazoline Drug Discovery Program
Mark Gurney, Ph.D., M.B.A.
deCODE genetics, Inc.

Biography

Dr. Gurney joined deCODE in August 2000. He was formerly Director of Genomics Research at Pharmacia
Corporation. Prior to his positions at Pharmacia, Dr. Gurney held academic appointments in the Department
of Pharmacological and Physiological Sciences at the University of Chicago and in the Department of Cell,
Molecular and Structural Biology at the Northwestern University Medical School. He received his B.A. in
Biology from the University of California at San Diego in 1975 and his Ph.D. from the California Institute of
Technology in 1980. In 1994, he completed his M.B.A. at Northwestern University's Kellogg School of
Management.

Abstract

A series of C5-subsitituted quinazolines have been developed for Families of Spinal
Muscular Atrophy which potently induce transcription of the mouse and human SMN genes
by about 2 fold. Lead compounds increase SMN protein and nuclear GEMs in SMA Type |
patient fibroblasts. These also increase lifespan of SMN mutant mice. The compounds have
good oral bioavailability, blood-brain-barrier permeability, long half-life in brain, are AMES
negative, and have acceptable hERG and hCYP profiles.
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Identification of Tetracycline Compounds that Correct Defective SMN2 Splicing
Paul Higgins, Ph.D.
Paratek Pharmaceuticals

Biography

Paul Higgins is Director of Inflammation Drug Discovery at Paratek Pharmaceuticals in Boston, MA. His focus
is the discovery and development of tetracycline derivatives for non-antibacterial uses such as inflammation,
autoimmunity and genetic diseases. Dr. Higgins received his PhD in cell biology at Boston University and held
postdoctoral positions at Brigham and Women’s and Massachusetts General Hospitals, both in Boston. He has
been employed in the biotech industry for the past 18 years, including tenures at Repligen and UCB.

Abstract

Incorrect splicing of the SMN2 gene excludes exon 7 and results in insufficient expression of
full-length SMN protein in SMA patients. Aclarubicin, a toxic anthracycline compound, has
been demonstrated to increase the efficacy of exon 7 inclusion. We therefore screened a
library of novel tetracyclines in a cell-free in vitro splicing assay in partnership with Adrian
Krainer at Cold Spring Harbor Laboratory. Several tetracycline analogs were found to exhibit
splice-correcting activity. The most active compound, PO01033, increased exon 7 inclusion
by greater than 6-fold above background (19.2% vs 3.1%) at a concentration of 10 uM in the
splicing assay. In whole cell assays using 3813 fibroblasts, P001033 increased the expression
of SMN protein as assessed by Western blot (40 % increase at 10 uM) and gems assay (2.8-
fold increase at 2.5 uM). Although P001033 does not penetrate the BBB, an experiment was
performed in adult SMN2 transgenic mice to determine whether the compound increases
SMN expression in non-CNS tissues in vivo. After four daily i.p. administrations of 50 mg/kg
compound, expression of SMN mRNA in was increased by 23% in the kidney and by 74% in
the liver. These results demonstrate that a tetracycline compound can correct defective

SMN?2 splicing and increase the expression of full-length SMN mRNA and protein in vitro
and in vivo. Tetracyclines therefore show promise as an effective class of drugs for SMA
therapy.
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Drug Screening for Spinal Muscular Atrophies
Rebecca Pruss, Ph.D.
Trophos

Biography

Rebecca Pruss received a PhD in biochemistry from UCLA for her studies on the mechanism of action of
epidermal growth factor. She then spent two years as a postdoctoral fellow with Dr. Martin Raff at University
College London developing methods to identify and study neurons and glial cells in culture. Dr. Pruss then
returned to the NIH where her work focused on the regulation of neuropeptide biosynthesis. After joining the
pharmaceutical industry in 1986, Dr. Pruss’ responsibilities evolved from group and discovery project team
leader through to head of the Exploratory Research department for what is now Sanofi-Aventis. In 2002 Dr.
Pruss joined Trophos where for the past 5 years she has applied her experience in drug discovery and
development to pilot the rapid identification, characterization and development of a pipeline of novel and
promising drug candidates for both neurological and non-neurological indications including orphan diseases
like ALS and SMA.

Abstract

Therapeutic approaches for SMA will ideally, (i) restore SMN protein levels, by gene
therapy, upregulation of SMN2 promoter or modulation of SMN2 splicing; (ii) restore SMN
function in RNA processing and transport, or other cellular processes; (iii) prevent
motoneuron degeneration and death. While Trophos has developed drug discovery strategies
targeting SMN expression and function as well as non-targeted motoneuron protective
approaches, the non-targeted approach based on the selection of molecules for their ability to
rescue motoneurons in a pathophysiological model has proved most successful. This
approach, based on the hypothesis that insufficient trophic factor support or signalling is a
consequence of poor neuromuscular connections or neuromuscular junction breakdown,
which in turn leads to progressive motor nerve degeneration in SMA, led to the selection of
TRO19622, a cholesterol-like compound that targets two mitochondrial outer membrane
proteins. Invivo, TRO19622 rescued facial motoneurons from axotomy-induced death in
neonatal rats, accelerated nerve regeneration following nerve crush in adult mice and
increased survival of ALS (SOD1G93A) and SMA (Nse-Cre;F7/F7) mice. Because of its
neuroprotective and regenerative properties, TRO19622 is expected to delay disease
progression in SMA patients.

In parallel, we have addressed the need to develop better mouse models of SMA to test the
activity of drug candidates. We recently generated a new hSMN2;mSmn-/- line on a pure
C57Bl/6 background. Following the completion of histological and functional
characterization we expect this new mouse model of SMA will be a valuable addition to the
SMN drug discovery toolbox.

With generous support from Association Francaise contre les Myopathies.
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Brain-Penetrant, Isotype-Selective HDAC Inhibitors as Novel Therapeutic Agents for
Spinal Muscular Atrophy

Zuomei Li, Ph.D.

MethylGene, Inc.

Biography

Dr. Li is the Executive Director of Molecular Biology at MethylGene Inc. and is responsible for the
identification and preclinical development of the Company’s histone deacetylase (HDAC) inhibitors for cancer,
which include MGCDO0103 that is currently in Phase |1 clinical trials. In addition, Dr. Li oversees
MethylGene’s HDAC program for neurodegenerative diseases such as Huntington’s disease. Dr. Li is a
member of American Association of Cancer Research and Society of Neuroscience. She obtained her Ph.D. in
Biochemistry from the University of Toronto and completed her post-doctoral training at the University of
California, Los Angeles.

Abstract

Inhibitors of histone deacetylases (HDACS) induce transcription, change dynamics of
microtubules and affect stability of proteins, depending on the HDAC target spectrum. Early
preclinical evidence, which supports the use of HDAC inhibitors as a treatment strategy for
human spinal muscular atrophy (SMA), was generated using a non-selective and
pharmacologically non-favorable HDAC inhibitor (TSA) or non-specific weak HDAC
inhibitor (valproic acid) in SMA mice (SMN2"*, SMNA7"", Smn™) in vivo. In addition, the
clinical use of valproic acid in patients has limitations due to its side profile. Therefore, there
is a need to identify specific HDAC isotype(s) involved in the pathogenesis of SMA as well
as a need to develop drug-like, brain-penetrant HDAC inhibitors solely targeted to these
isotypes for better efficacy and safety. A panel of brain-penetrant, isotype-selective HDAC
inhibitors was tested in SMA mice (SMN2"*, SMNA7"*, Smn™) in vivo for impacts on
survival and motor performances. Pharmacokinetics and pharmacodynamic effects of these
inhibitors were analyzed and monitored in normal littermates to ensure drug exposure and
provide a dosing protocol in the efficacy study. Preliminary results from SMA mice have
yielded early evidence that toxicity and efficacy can be separated, if isotype-selective
inhibition of HDAC in the brain of mice is achieved.
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An Innovative and Integrated Approach to Identify Compounds that Modulate SMN
Protein Expression at the Post-transcriptional Level

Sergey Paushkin, M.D., Ph.D.

PTC Therapeutics, Inc.

Biography

Dr. Paushkin joined PTC Therapeutics in 2002 following postdoctoral training in the laboratory of Dr. Gideon
Dreyfuss at the Howard Hughes Medical Institute/University of Pennsylvania, where he conducted research on
spinal muscular atrophy (SMA). Dr. Paushkin received his M.D. in Medical Biochemistry from the Russian
State Medical University (Moscow) in 1995. In 1998, he received his Ph.D. in Biochemistry from the
Cardiology Research Center in Moscow, where he studied molecular basis of neurodegenerative prion diseases
using yeast as a model organism. Currently Dr. Paushkin is leading the SMA group at PTC.

Abstract

PTC Therapeutics, Inc. (PTC) has established a new program to identify compounds that
modulate the levels of the survival of motor neuron (SMN) protein at the post-transcriptional
level. The program is driven by three innovative approaches. The first approach utilizes
PTC’s proprietary drug discovery platform technology called GEMS (Gene Expression
Modulation by Small-molecules) to identify small molecules that up- or down-regulate the
production of proteins, such as SMN, via the untranslated regions of mRNAs. The GEMS
technology has proven to be very robust and has been applied successfully by PTC to address
challenging drug targets across multiple therapeutic areas. The second approach utilizes
PTC’s nonsense suppression platform to identify compounds that read through the aberrant
stop codon present in the SMNAEx7 mRNA, which it is believed could improve the stability
of the abnormal SMNAEX7 protein that is present in all SMA patients. In the third approach,
we are screening for small molecules that alter the splicing pattern of the SMN2 RNA and
increase inclusion of exon 7 into SMN2 transcripts therefore increasing the level of the SMN
protein. We have implemented and run high-throughput screens based on these three
approaches and have identified compounds that increase the levels of functional SMN. The
molecules identified in each of the three screens are being characterized for biological,
pharmacological and pharmaceutical properties. The next stage of this drug discovery effort
will include medicinal chemical optimization of the most promising lead molecules with the
ultimate goal of identifying a drug candidate for preclinical and clinical development.
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¢ Session 8 ¢
Evaluating Pre-clinical and Clinical Compounds

Moderated by Darryl De Vivo

11:00 AM Panel Discussion and Q&A Session

Panelists: C. Frank Bennett, John McCall, Paul McGonigle, Thomas Meier, Robert Pacifici,
Charlotte Sumner
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Biographies

Moderator

Darryl De Vivo, M.D.

Columbia University Medical Center

Dr. De Vivo currently serves as the Associate Chairman (Neurology) for Developmental Neurosciences at the
Columbia University Medical Center in New York City. He has been a Professor of Pediatrics and Sidney
Carter Professor of Neurology at the College of Physicians and Surgeons since 1979, and has served as
Director of Pediatric Neurology for 22 years (1979-2000), Director of the Pediatric Neuromuscular Disease
Program, Founding Director of the Colleen Giblin Research Laboratories for Pediatric Neurology, and Co-
Director of the Center for Motor Neuron Biology and Disease. He co-directs the SMA Clinical Research Center
at Columbia University with Dr. Petra Kaufmann, and serves as the Network Director for the PNCR Network
for SMA Clinical Trials, a clinical research initiative supported by the SMA Foundation. Dr. De Vivo’s
research interests have focused on metabolic diseases that affect the developing brain with a specific focus on
energy failure syndromes, and neuromuscular diseases of infancy and childhood with a specific focus on SMA
and DMD. He has received funding from the National Institutes of Health, SMA Foundation, Colleen Giblin
Foundation and the Will Foundation to support these clinical research programs.

Panelists
C. Frank Bennett, Ph.D.
Isis Pharmaceuticals, Inc.

Dr. Bennett is Senior Vice President of Research at Isis Pharmaceuticals. He is responsible for preclinical
antisense drug discovery research, manufacturing and pharmaceutics. Dr. Bennett is one of the founding
members of the company. He has been involved in the development of antisense oligonucleotides as therapeutic
agents, including research on the application of oligonucleotides for inflammatory and cancer targets,
oligonucleotide delivery and pharmacokinetics. He also runs the company's antisense mechanism program
which is focused on the development of oligonucleotides that modulate expression of genes based upon RNase
H, RNAI, micro-RNA and splicing. Dr. Bennett has published more than 120 papers in the field of antisense
research and development and has more than 110 issued U.S. patents. Prior to joining Isis , Dr. Bennett was
Associate Senior Investigator in the Department of Molecular Pharmacology at Smith Kline and French
Laboratories, GlaxoSmithKline (currently, GlaxoSmithKline). Dr. Bennett received his B.S. degree in
Pharmacy from the University of New Mexico, Albuquerque, New Mexico and his Ph.D. in Pharmacology from
Baylor College of Medicine, Houston, Texas. Dr. Bennett performed his postdoctoral research in the
Department of Molecular Pharmacology at Smith Kline and French Laboratories. Dr. Bennett is a member of
the board of directors for Antisense Therapeutics Ltd. and a member of the scientific advisory board for Ercole
Biotechnology and Keystone Symposia. Dr. Bennett serves as an editor for Oligonucleotides and as member of
the editorial board for several journals.

John McCall, Ph.D.
PharMac LLC

Dr MccCall is President of PharMac LLC, a drug discovery, project management, project evaluation and
research organization. He is a member of the Scientific Advisory Boards for MHTSC (Michigan High
Throughput Screening Center), CINRG (Co-operative International Neuromuscular Research Group),
Deciphera, Verseon, Reaction Biology, CeeTox, Lycera, Scripps, and PharmOptima. He is a founding member
of the Scientific Advisory Board of Avaant Pharmaceuticals, an Anglo/Indian drug development company. He is
Chairman of the Development Team and a member of the Steering Committee of the NINDS Spinal Muscular
Atrophy Initiative. He is a member of the Board of Directors of ADMETRX.
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He previously worked for Pfizer Inc. as Vice President Global Research and Development. During this time he
was a member of the Pfizer Discovery Management Committee, Global Discovery and Global Research
Technology Boards, a member of the Research Technology Leadership Team and Global Discovery Chemistry.
Prior to Pfizer, he was Vice President Global Discovery Chemistry at Pharmacia, where he was responsible for
Structural and Analytical Chemistry, Medicinal and Combinatorial Chemistry, Computational Chemistry and
Cheminformatics.

Paul McGonigle, Ph.D.
PsychoGenics, Inc.

Dr. Paul McGonigle is currently the CSO of PsychoGenics Inc., a behavioral neurobiology company, where his
efforts are focused on the development and application of proprietary technologies to discover novel drugs for
CNS disorders. He also serves on the Board of Directors of Brain Cells Inc., a neurogenesis-based drug
discovery company. Prior to joining PsychoGenics, he co-founded and served as the CEO of NeuroGenix
Corp., a biopharmaceutical company established to use neurogenesis as the basis for the discovery of new
treatments for psychiatric and neurodegenerative disorders. Before forming NeuroGenix, Dr. McGonigle was
the Director of Psychiatric Disorder Research at Wyeth where he supervised all aspects of drug discovery
related to psychiatric disorders and advanced several compounds to clinical trials. Before joining Wyeth, he
was on the faculty of the Department of Pharmacology at the University of Pennsylvania where his research
focused on neurotransmitter receptors involved in psychiatric and neurodegenerative disorders. Dr.
McGonigle has served on a number of NIH advisory panels and is currently an adjunct Professor of

Pharmacology at the University of Pennsylvania.

Thomas Meier, Ph.D.
Santhera Pharmaceuticals, Inc.

Dr. Meier is Chief Scientific Officer of Santhera Pharmaceuticals (SWX: SANN), a Swiss specialty
pharmaceuticals company focusing on the research, development and commercialization of small molecule
therapies for the treatment of rare neuromuscular diseases. Dr. Meier studied biology and neurosciences in
Germany and Switzerland and in 1992 received his Ph.D. from the University of Basel. As a postdoctoral
scientist at the University of Colorado Health Sciences Center in Denver, CO he studied the biochemical basis
of nerve-muscle interactions. After his return to Switzerland in 2000, Dr. Meier founded and became the CEO
of MyoContract Ltd., which he merged in 2004 with Heidelberg-based Graffinity Pharmaceuticals to form
Santhera Pharmaceuticals. Dr. Meier has published several high-impact papers in the field of neuromuscular
research during his career as an academic scientist. He won the International Research Fellowship Award from
the US National Institutes of Health and has received a long-term fellowship from the Human Frontier Science
Foundation.

Robert Pacifici, Ph.D.
CHDI, Inc.

Dr. Pacifici is currently the Chief Scientific Officer for CHDI, Inc. a privately-held, not-for-profit organization
that is pursuing a biotech approach to rapidly discover and develop drugs that prevent or slow Huntington
Disease. Dr. Pacifici was formerly in Pharmaceutical & Biotechnology sector with Eli Lilly and Company,
Xencor and Amgen where he held positions of increasing responsibility including leadership for their
automation, high throughput screening, and information technologies groups. Dr. Pacifici received a B.S. in
Biochemistry from the University of Massachusetts, Amherst, and his Ph.D. in Biochemistry from the University
of Southern California. He holds an adjunct appointment at the University of Southern California’s Department
of Molecular Pharmacology and is the Chair for the National Institute on Neurological Disorders and Stroke
(NINDS) Spinal Muscular Atrophy Project’s Scientific Steering Committee. He currently sits on several
additional external boards and advisory committees including the Cooperative International Neuromuscular

Research Group, TREAT ALS Steering Committee, SMA Foundation, and the Cure Dystonia Initiative.
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Charlotte Sumner, M.D., Ph.D.
The Johns Hopkins University

Dr. Sumner is an assistant professor of neurology at Johns Hopkins University. She received her B.A. from
Princeton University and her M.D. from the University of Pennsylvania School of Medicine. She completed
internal medicine internship and neurology residency at the University of California San Francisco and
neuromuscular fellowship at Johns Hopkins University. Her scientific training included a neurogenetics
fellowship at the National Institute of Neurological Disorders and Stroke. Dr. Sumner cares for patients with
inherited diseases of motor neurons and peripheral nerves such as spinal muscular atrophy (SMA) and
Charcot-Marie-Tooth (CMT) disease. Dr. Sumner’s research focuses on the molecular pathogenesis of SMA
with particular attention to therapeutics development for this disorder. Recent work has explored the efficacy
of histone deacetylase inhibitors in SMA. Dr. Sumner’s laboratory research is funded by the National Institute
of Neurological Disorders and Stroke, Families of Spinal Muscular Atrophy, and the Howard Hughes Medical
Institute.
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¢ Session 9 ¢

Endpoints for SMA Clinical Trials
[Including Working Lunch]

Moderated by Leslie Morrison

12:30 PM Introduction to Talks on Current Outcome Measures Leslie Morrison
12:40 PM Functional Testing Kristin Krosschell
12:50 PM Electrophysiological Testing Kathryn Swoboda
1:00 PM Type 1I/11I-specific Measures Marion Main
1:10 PM Type I-specific Measures Richard Finkel
1:20 PM Pulmonary Assessment Anita Simonds
1:30 PM Quality of Life Linda Hynan

1:40 PM Biomarkers / Surrogate Markers Louise Simard
1:50 PM Q&A and Panel Discussion: Clinically Meaningful Endpoints for SMA Clinical Trials

Panelists: Wilson Bryan, Julaine Florence, David Jacoby, Kathryn Swoboda
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Functional Outcome Measures and Timed Tests of Function in SMA Type Il and Type 111
Subjects

Kristin Krosschell, P.T., M.A., P.C.S.

Northwestern University

Biography

Kristin J. Krosschell, PT, MA, PCS is an Assistant Professor in the Department of Physical Therapy and
Human Movement Sciences at Feinberg School of Medicine, Northwestern University. She is a practicing
clinical pediatric physical therapist with a specific interest in children and adolescents with neuromuscular
disorders. She has been a member of the Project Cure Clinical Trials Group since its inception, with expertise
in functional outcome measures for SMA. In addition, she has participated in the International Coordinating
Committee for SMA Clinical Trials (ICC) and is a member of the ICC Outcomes group and was a contributing
member to the recently published SMA standard of care consensus document. She is also a member of the
FSMA Medical Advisory Board and a member of the NIH Task Force on Childhood Motor Disorders.

Abstract

Outcome measures currently in use to assess motor function in SMA in both natural history
studies and clinical trials include the Gross Motor Function Measure (GMFM), the
Hammersmith Functional Motor Scale (HFMS) and the Modified Hammersmith Functional
Motor scale (MHFMS). The GMFM is in use at AmMSMART, PNCR and Stanford sites; it
includes 88 items and requires 20-60 minutes to administer. AmMSMART investigators have
demonstrated inter- and intra-rater reliability and validity of the GMFM in children with
SMA types II and III. The HFMS is in use at TREAT-NMD sites (UK and Italy). Project
Cure SMA has adopted a modified version of the HFMS incorporating the same 20 easy-to-
administer items. Both scales have demonstrated inter- and intra-rater reliability, validity and
sensitivity. Due to floor and ceiling effects, the Hammersmith scales are most appropriate for
use in non-ambulatory SMA subjects. Work by the Project Cure SMA, PNCR and TREAT-
NMD networks to incorporate modules for children at the weaker and stronger ends of the
spectrum is ongoing; one extended scale model is currently in use in the CARNI-VAL trial.
Timed tests in use in SMA natural history studies and trials include: time to rise from the
floor, time to climb 4 standard stairs, time to walk/run 100 feet and time to remove pegs.
Attempts to validate and ascertain reliability for these and other timed tests is ongoing by all
groups in order to assess sensitivity and ability to detect clinically meaningful and
functionally relevant change for the ambulatory SMA population.
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Electrophysiologic Outcome Measures of Nerve and Muscle Function in SMA
Kathryn Swoboda, M.D.
Primary Children’s Medical Center, Salt Lake City

Biography

Kathryn J. Swoboda received her M.D. from Northwestern University in 1990 and pursued subspecialty
training in neurology, genetics and neurophysiology at Harvard Medical School and Affiliated Programs. She
is currently an associate professor of Neurology and Pediatrics at the University of Utah, where she directs the
Pediatric Motor Disorders Research Program and EMG Laboratory at Primary Children’s Medical Center in
Salt Lake City. The primary focus of her research efforts over the past decade have been directed to better
understand the pathophysiology and genotype-phenotype correlates underlying motor dysfunction in children
with spinal muscular atrophy (SMA) and other motor disorders of childhood onset. She is the principal
investigator for the Project Cure SMA Investigator’s Network, an international multi-center clinical research
collaboration intended to facilitate the rapid translation of new therapies for treatment trials.

Abstract

Electrophysiologic measures validated for use as outcome measures in SMA and other
neuromuscular disorders include maximum compound muscle action potential (CMAP)
amplitude and motor unit number estimation (MUNE) techniques. In SMA, maximum ulnar
CMAP amplitudes and ulnar MUNE studies using a surface multipoint assessment technique
have demonstrated reliability when used in a single-site setting. Assessment of reliability and
validity in a multi-center clinical trial setting is in progress. A motor unit consists of a single
axon and all of the muscle fibers it innervates within a given muscle group. CMAP amplitude
provides a combined assessment of nerve and muscle function, while MUNE provides an
estimate of the number of motor units present in the muscle group of interest. Maintenance of
innervation is a dynamic process, and a large body of evidence supports an interdependence
of motor nerve and muscle function. Measures which allow us a window to assess the results
of a given therapeutic strategy as they more directly impact a single nerve-muscle group are
of potentially independent value and may provide complementary data to outcome measures
assessing global motor function or strength. In an open label trial using valproic acid and
carnitine, we observed significant increases in ulnar CMAP amplitudes over the course of 6-
12 months. Amplitudes declined to baseline when therapy was discontinued in a subset of
cases for various reasons. Should this observation be replicated in a placebo-controlled trial,
it may provide insights into mechanism and provide an independent means of assessing nerve
and muscle function in SMA patients.
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Type /Il - Specific Measures, Strength Testing and Walking
Marion Main, M.A., M.C.S.P.
Hammersmith Hospital, London

Biography

Ms. Marion Main has worked as head of physiotherapy in the Paediatric (Dubowitz) Neuromuscular Service at
Hammersmith Hospital in London for 18 years. She has collaborated on several studies in Spinal Muscular
Atrophy and developed with colleagues the Hammersmith functional Scale for SMA. She has extensive
experience in treating children with Spinal Muscular Atrophy and for 8 years was a Trustee of the Jennifer
Trust For SMA, being for part of that time, the Chair of the research sub-committee.

Abstract

Measurements of muscle strength are used widely where children and adults with Spinal
Muscular Atrophy (SMA) are assessed and treated. The most frequently-used scale
internationally is the MRC grading®, which is a descriptive scale of power and therefore
grossly subjective with limited reliability.

More specific measures of muscle strength, e.g. QMT and myometry, have been shown to
give more objective results and can be used to detect small changes in power. The
disadvantages of these systems are the costs of equipment, training and ongoing costs,
discouraging units with small numbers of patients.

The major criticism of any measure of power is its lack of correlation with gross and fine
motor function. Even relatively large changes in power can show no change in function and
the starting point for measurement will be a major confounding variable.

Motor function scales have become preferred outcome measures as they can have visible and
meaningful results for the patients. These and timed tests are reliably used to show
improvement and deterioration in conditions but in reality, testing in any clinical situation
merely shows a snapshot in time and does not give an overall daily picture of difficulties of
stamina and endurance.

It is therefore important to ensure that a range of reliable and validated outcome measures is
available to ensure that the most appropriate tests are used for the age and functional level of

the patients in specific trials.

(*Medical Research Council 1942)
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Type-1 Specific Measures (TIMP, CHOP TOSS, CHOP INTEND)
Richard Finkel, M.D.
The Children’s Hospital of Philadelphia

Biography

Richard Finkel is director of the Neuromuscular Program at The Children’s Hospital of Philadelphia and
Clinical Professor in Neurology and Pediatrics at the University of Pennsylvania School of Medicine. He has
participated in the AMSMART and PNCR SMA clinical trial study groups and has had research support from
the Families of SMA. Areas of interest in SMA include clinical trials, outcome measures, biomarkers and
standard of care.

Abstract

Objective: Patients with SMA-I present difficulty in motor testing because of their limited
repertoire of motor behaviors, fragile medical state, and poor tolerance to handling. These
factors make measuring motor skills in this group of infants particularly problematic. We
developed a reliable motor assessment, the “CHOP INTEND”, a 16-item, 64-point motor
scale, to evaluate motor skills in patients with severe neuromuscular disorders.

Design/Methods: Several established infant motor scales were tested initially in SMA-I
infants. The Test of Infant Motor Performance (TIMP) better captured the range of
movement in this population than the Alberta Infant Motor Scale, Peabody DMS or Bayley
Scale, but still had limitations. A new test measure was created, the CHOP TOSS, and
compared to the TIMP. Selected items from the TOSS and TIMP were then combined in the
CHOP Infant Test of Neuromuscular Disorders (INTEND). This new scale was designed to
capture functionally important motor responses at a reflex, spontaneous or active level; be
independent of developmental factors, sensitive to small change and well tolerated.

Results: The CHOP INTEND is a reliable test measure (ICC 0.98, 0.97 in 2 reliability
sessions) in SMA-I and weak type II (and congenital myopathies). Construct and
discriminant validity was demonstrated in SMA, Pompe and infantile botulism.

Conclusions/Relevance: The CHOP INTEND is a safe, easily administered, reliable and

valid motor test measure in weak infants with SMA-I. It may serve as a useful motor
function scale for clinical trials in SMA-I.
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Pulmonary Assessment
Anita Simonds, M.D.
Royal Brompton Hospital, London

Biography

Anita Simonds MD, FRCP is a Pulmonary Physician in the Clinical and Academic Dept of Sleep & Breathing
at Royal Brompton Hospital, London UK. She has responsibility for the sleep laboratories, and the home
ventilation service for children and adults which cares for 1500 individuals receiving home ventilatory support.
Dr. Simonds has a long-standing interest in pulmonary and ethical aspects of neuromuscular disease and has
published research on the outcome of non-invasive ventilation in childhood neuromuscular disease, Duchenne
muscular dystrophy and other causes of sleep disordered breathing. Before transferring to Pulmonary medicine
Dr. Simonds trained in Anaesthesia and Intensive Care medicine. She is a director of the European School of
Respiratory medicine and chief editor of the European Respiratory Society educational journal Breathe.

Abstract
Inspiratory and expiratory weakness in SMA causes the key pulmonary problems of :
1. impaired cough and poor clearance of lower airway secretions 2. hypoventilation during
sleep 3. chest wall and lung underdevelopment 4. recurrent infections that exacerbate
muscle weakness. There are limited data on the natural history of pulmonary function, or
impact of interventions, and these mostly relate to FVC and/or short term trials which include
heterogeneous patient groups.
Simple measures

1. Forced vital capacity

2. Peak cough flow

3. Spot SpO2, Overnight oximetry
Others: Chest radiograph (scoliosis, chest wall configuration), bulbar function (swallowing
assessment)
Vital capacity and peak cough flow measurements possible in age >5-6 years. In younger
children: clinical index of respiratory effort, oximetry, chest radiograph
Considerations: respiratory muscle strength measurement, respiratory inductive
plethysmography (non-sitters)
Additional outcome measures: Mortality. Ventilatory dependency.
Frequency of chest infections, pulmonary admissions, ICU admissions, intubations
Importance of standardisation of routine pulmonary care: acute and chronic indications, non-
invasive ventilation and cough assistance.

1. Toos C, Leclair-Richard D, Mrad S, Barois A, Estournet-Mathiaud B. Respiratory capacity course in patients with
infantile spinal muscular atrophy. Chest 2004;126:831-7.

2. Samaha FJ, Buncher CR, Russman BS, While ML, Iannaconne ST, Barker L. Pulmonary function in spinal muscular
atrophy. J Child Neurol 1994;9:326-9.

3. Bertini E, Burghes A, Bushby K, Estournet-Mathiaud B, Finkel RS, Hughes RAC et al. Outcome measures and treatment
of spinal muscular atrophy: 134th ENMC International Workshop. Neuromusc Disord 2005;15:802-16.

4. Wang CH, Finkel RS, Bertini E, Schroth M, Simonds A, Wong B et al. Consensus Statement for Standard of Care in
Spinal Muscular Atrophy. J Child Neurol 2007;22:1027-49.
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Peds-QL™ Neuromuscular Module: Development of an Outcome Measure for Pediatric
Spinal Muscular Atrophy

Lynda Hynan, Ph.D.

University of Texas Southwestern Medical Center, Dallas

Biography

Linda S. Hynan, Ph.D. is the biostatistician for the American Spinal Muscular Atrophy Randomized Trial
(AmSMART) Group led by Susan T. lannaccone, MD. With the AmMSMART Group, she has been a co-author on
seven peer-reviewed articles and abstracts as well as numerous presentations at national and international
meetings. She is a member of the International Coordinating Committee for Clinical Trials in SMA, of two
subcommittees (Protocol Development and Registry), and an advisor to the Outcome Subcommittee.

Dr. Hynan is an associate professor in Clinical Sciences (Biostatistics) and Psychiatry at the University of
Texas Southwestern Medical Center in Dallas. She has published more than 150 peer-reviewed articles and
abstracts, is the biostatistician for three NIH grants (as well as two other grants), the statistical review editor
for Pediatric Infectious Diseases, and an ad hoc reviewer for other journals. Her Ph.D. in Quantitative
Psychology is from the University of Illinois-Urbana.

Abstract

There are few tools available for measuring quality of life (QOL) in children and there is
currently no validated assessment instrument that addresses quality of life issues specific to
children with SMA. The AmMSMART group has developed a questionnaire adapted
specifically for a neuromuscular population from the PedsQL™ Generic QOL Inventory
(James Varni). Early results have found the Peds-QL™ Neuromuscular Module for Parents
reliable. However, we found that stratification for age meant that we did not have enough
patients to validate or to measure reliability for the whole PedsQL™. We are currently
completing the administration of this tool to 320 SMA patients in order to establish validity
and reliability (Table). This will be an important step in the creation of an assessment
instrument that reliably and validly identifies and evaluates relevant aspects of quality of life
for children with Spinal Muscular Atrophy.

ICC

Enrollment (August 31, 2007) — Number of Patients by protocol for each version of Peds-QL™

Generic Parent (child’s age) Generic Child (age) Neuromuscular (age)
Protocol 2t04 5to7 [8tol12 |13t0o18 [5to7 |[8to12 [13to 18 |Parent |5to7 |8to 18
Part | - Inter-Rater |3 1 3 2 1 3 1 11 1 5
Part Il - Intra-Rater|15 5 11 4 5 11 4 36 4 15
Part 11l - Drug 12 3 7 5 3 7 6 28 3 13
Rilutek Trial 18 18
QOL Test 43 40 32 41 39 35 39 158 38 74
Total 91 49 53 52 48 56 50 251 46 107
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Biomarkers / Surrogate Markers for SMA Clinical Trials
Louise Simard, Ph.D.
University of Manitoba

Biography

Dr. Simard has recently taken the position of Professor and Head of the Dept. Biochemistry & Medical
Genetics at the University of Manitoba in Winnipeg, Canada. Dr. Simard’s group has made many contributions
to SMA research including: pivotal linkage studies that facilitated fine-mapping the SMN gene, cloning the
mouse ortholog, validating a SMN diagnostic test, identification of SMN mutations and their relationship with
SMA severity, SMN gene regulation studies, localization of SMN protein in neuronal growth cones and, most
recently, the development and validation of a quantification assay of SMN mRNA for use as a biomarker in
SMA clinical trials.

Abstract

The identification of FDA approved drugs capable of modulating SMN expression in vitro
has led to a number of SMA clinical trials. To meet this challenge, we developed and
validated a multiplex real-time (qQRT-PCR) assay to quantify SMN transcripts in whole blood
samples from SMA patients. Because SMN expression varies minimally over time, this assay
can be used as a secondary measure of drug response. The patient cohort for this study was
drawn from two treatment trials: the AmMSMART Open Label Pilot Trial of Rilutek in infants
with SMA (S. Iannaccone, PI) and the Project Cure VPA Phase 1 trial of SMA types 2 and 3
(K. Swoboda, PI). The AmMSMART trial involved 8 centers and Project Cure was conducted
entirely in Salt Lake City. Clinical results will be presented by the Principal Investigators.
We have analyzed SMN qRT-PCR data for a total of 174 RNA samples. Because only 4
patients completed the AMSMART trial (other patients provided 1 (n=12), 2 (n=1) or 3 (n=2)
samples), the effect of rilutek on SMN expression could not be evaluated. However, this
initiative demonstrated the feasibility of collecting blood RNA using a multi-centre format.
Project CURE yielded baseline and 3 treatment points for 27 SMA participants; 3 samples
were obtained for 10 patients. Unexpected changes in expression were observed, however not
in all SMA patients, suggesting that SMN mRNA may be a useful biomarker of drug
response. Issues relating to experimental design and the need for additional surrogate
markers will also be presented.
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Panel Discussion: Clinically Meaningful Endpoints for SMA Clinical Trials

Biographies

Moderator

Leslie Morrison, M.D.

University of New Mexico Medical Center

Dr. Leslie Morrison is a Professor of Neurology and Pediatrics at the University of New Mexico. She graduated
from the University of New Mexico School of Medicine, with residency and fellowship at Johns Hopkins in
Pediatrics and Child Neurology. She was a pediatric physical therapist for five years prior to medical school.
She has been at UNM for 15 years, and currently serves as Assistant Dean of Academic Affairs, Vice Chair of
Neurology, Division Chief of Child Neurology, and medical director of the pediatric neuromuscular service.
Nationally, she chairs the United Council of Neurological Subspecialties, serves as Counselor from the West of
the Child Neurology Society, and as the CNS representative for the Quality Standards Subcommittee of the
American Academy of Neurology. She serves on the national medical advisory board of the Angioma Alliance,
and on the International Coordinating Committee for research in Spinal Muscular Atrophy. She is on the
editorial board of the Journal of Child Neurology, and Pediatric Neurology, and as an ad hoc editor for
Neurology. In 2003 she was elected as advisor to the president of the Professors of Child Neurology. She was a
member and Chair of the General Clinical Research Center advisory committee. Her clinical expertise is in
genetic neuromuscular and neurogenetic disorders, directing the only US clinic exclusively for
oculopharyngeal muscular dystrophy. Her clinical research projects include myotonic and other muscular
dystrophies and neurogenetic disorders that disproportionately affect New Mexicans. She mentors numerous
undergraduate and medical students, residents and faculty. Her educational expertise is in specialty education
for primary care, and family conferences for neurogenetic disorders.

Panelists
Wilson Bryan, M.D.
Biologics Consulting Group

Wilson Bryan is a consultant for the Biologics Consulting Group. Dr. Bryan provides expertise in the clinical
development of drugs and biologics for neurological disorders. From 1987 — 2000, Dr. Bryan was on the
faculty of the Department of Neurology of the University of Texas Southwestern School of Medicine. At
Southwestern, he served as principal investigator for clinical trials in ALS and SMA. From 2000 - 2007, Dr.
Bryan served as Medical Officer and Clinical Team Leader in the Center for Biologics Evaluation and
Research (CBER/FDA) and in the Division of Neurology Products, Center for Drug Evaluation and Research
(DNP/CDER/FDA). At the FDA, Dr. Bryan was responsible for the clinical review of drugs and biologics
(including cell and gene therapies), at all stages of clinical development, for the treatment of ALS, SMA,
muscular dystrophy, multiple sclerosis, Alzheimer's disease, Parkinson’s disease, cerebrovascular disease,

headache, and other neurological disorders.

Julaine Florence, P.T., D.P.T.
Washington University School of Medicine, St. Louis

Dr. Florence is Associate Professor in the Department of Neurology at Washington University School of
Medicine, St. Louis, MO. She presently serves as Director of Clinical Studies for the Neuromuscular Division.
Her training was at Washington University School of Medicine and includes a bachelors in Physical Therapy,
masters in Health Science and doctorate in Physical Therapy. Dr. Florence has been active in the design,
implementation and documentation of the reliability, sensitivity and validity of outcome measures and endpoints
in the assessment of individuals with neuromuscular diseases as well as serving as a clinical evaluator or
coordinator in multiple therapeutic trials. Besides her activity in clinical trials Dr. Florence is on faculty at the
WU Program in Physical Therapy and serves as a consultant on outcome measure design and implementation
to a variety of academic institutions, biotech and pharmaceutical companies.
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David Jacoby M.D., Ph.D.
Repligen Corporation

Dr. Jacoby is currently leading the clinical development programs at Repligen Corporation, a small
biotechnology company with clinical stage and preclinical programs in neuroscience. He has worked in
biotechnology for the past 7 years, directing both clinical and development programs in different areas of
neurology. Prior to his experience in industry, Dr. Jacoby was a resident, fellow and faculty member of the
neurology department at Massachusetts General Hospital, with clinical specialization in Movement Disorders
and a research group within the Molecular Neurogenetics Unit. He received his M.D. and Ph.D. in Molecular
Virology at the University of Pennsylvania.

Kathryn Swoboda, M.D.
Primary Children’s Medical Center, Salt Lake City

Kathryn J. Swoboda received her M.D. from Northwestern University in 1990, and pursued subspecialty
training in neurology, genetics and neurophysiology at Harvard Medical School and Affiliated Programs. She
is currently an associate professor of Neurology and Pediatrics at the University of Utah, where she directs the
Pediatric Motor Disorders Research Program and EMG Laboratory at Primary Children’s Medical Center in
Salt Lake City. The primary focus of her research efforts over the past decade have been directed to better
understand the pathophysiology and genotype-phenotype correlates underlying motor dysfunction in children
with spinal muscular atrophy (SMA) and other motor disorders of childhood onset. She is the principal
investigator for the Project Cure SMA Investigator’s Network, an international multi-center clinical research
collaboration intended to facilitate the rapid translation of new therapies for treatment trials.
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¢ Session 10 ¢

Conclusions
Moderated by Kenneth Fischbeck
3:00 PM Overview of the Meeting Kenneth Fischbeck
3:30 PM Panel Discussion: Advancing SMA Drug Development: Challenges, Funding Priorities and Next Steps

Panelists: Petra Kaufmann, Edward Kaye, John Kissel, Langdon Miller, Tan Nguyen, Robert Pacifici
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Overview of the Meeting and Panel Discussion: Advancing SMA Drug Development:
Challenges, Funding Priorities and Next Steps

Biographies

Moderator

Kenneth Fischbeck, M.D.

National Institute of Neurological Disorders and Stroke, National Institutes of Health

Dr. Fischbeck received A.B. and A.M. degrees from Harvard University and an M.D. degree from Johns
Hopkins. After a medical internship at Case Western Reserve University and a neurology residency at the
University of California in San Francisco, he did postdoctoral research on muscular dystrophy at the
University of Pennsylvania. In 1982 he joined the faculty in the Neurology Department at the University of
Pennsylvania Medical School. In 1998 he came to the NINDS as Chief of the Neurogenetics Branch. He
received the Cotzias Award from the American Academy of Neurology and was elected to the Institute of
Medicine of the National Academy of Sciences. His laboratory is studying the mechanisms of hereditary
neurological and neuromuscular disorders, particularly the polyglutamine expansion neurodegenerative
diseases.

Panelists
Petra Kaufmann, M.D., M.Sc.
Columbia University

Dr. Kaufmann is a clinical researcher with expertise in neuromuscular disease. She completed her Neurology
residency and subspecialty training in EMG at Columbia University. She is board certified in Neurology,
Clinical Neurophysiology and Electrodiagnostic Medicine. In addition to her training she has 2 years of
postdoctoral laboratory research experience in molecular biology of mitochondrial disorders working in the
Merritt Center at Columbia University. Dr. Kaufmann received her M.D. degree and a doctorate from the
University of Bonn, Germany. She graduated from Columbia University’s School of Public Health with a
Masters degree in Biostatistics/Patient Oriented Research. Dr. Kaufmann is co-director of the Columbia
University SMA Clinical Research Center. As member of the PNCR, she is conducting a natural history study
in SMA. She is leading a multi-center, NIH-funded Phase Il trial for ALS and is involved in clinical research in
muscle disease and mitochondrial encephalopathies. Her research interests are in clinical trial design,
outcome measures and neurorehabilitation.

Edward Kaye, M.D.
Genzyme Corp.

Edward M. Kaye, M.D. is currently Group V.P. of Clinical Research at Genzyme Corporation where he
supervises the clinical research in the lysosomal storage disease programs and in the genetic neurological
disorders. He received his medical school education and pediatric training at Loyola University Stritch School
of Medicine and University Hospital, Child Neurology training at the Boston City Hospital, Boston University,
and completed his training as a Neurochemical Research Fellow (Geriatric Fellow) at the Bedford VA
Hospital, Boston University in 1983. He was head of the section of Neurometabolism, Pediatric Neurology at
The Floating Hospital for Children (Tufts University) and research fellow in gene therapy at the Massachusetts
General Hospital until 1996 when he moved to Philadelphia to become Chief of Pediatric Neurology and
Director of the Barnett Mitochondrial Laboratory at St. Christopher’s Hospital for Children. In 1998, he
accepted the appointment as Chief of Biochemical Genetics at the Children’s Hospital of Philadelphia and
Associate Professor of Neurology and Pediatrics until moving to Genzyme Corporation at the end of 2001. He
continues as a Neurological Consultant at the Children’s Hospital of Boston and is on the editorial boards of a
number of journals including Annals of Neurology, Journal of Child Neurology, and Pediatric Neurology. He
is also on the Medical Advisory Board of the United Leukodystrophy Foundation.

51

ICC




IcC

SMA Summit on Drug Development

Saturday, September 29, 2007

John Kissel, M.D.
The Ohio State University

Dr. John Kissel is Professor of Neurology and Director of the Division of Neuromuscular Disease at The Ohio
State University in Columbus, Ohio. He did his neurology training at Washington University in St. Louis,
followed by a clinical neuromuscular fellowship and two years of research fellowship at Ohio State. He has
been at Ohio State since 1985 and is director of the MDA and ALS clinics there, as well as the SMA Clinic at
Columbus Children’s Hospital. He has directed and conducted clinical trials in a variety of muscle, peripheral
nerve, and anterior horn cell diseases, is a member of the Project Cure Clinical Research Group in SMA, and is
Principle Investigator for the VALIANT trial of valproic acid in adults with SMA. He is the immediate Past-
President of the Neuromuscular Section of the American Academy of Neurology, a Fellow in the AAN, and a
member of the American Neurological Association.

Langdon Miller, MD
PTC Therapeutics, Inc.

Dr. Langdon Miller is Chief Medical Officer at PTC Therapeutics, Inc in South Plainfield, NJ. Dr. Miller
received his MD from Northwestern University Medical School and completed an internal medicine residency
at the University of Minnesota and a medical oncology fellowship at Stanford University. From 1989 to 1995
he served as a Senior Investigator at the National Cancer Institute. From 1995 until 2003, Dr. Miller worked in
oncology clinical development at the Pharmacia Corporation, eventually heading the worldwide cancer drug
development group. Since joining PTC Therapeutics in 2003, he has led the company’s clinical development
programs in genetic disorders and oncology. Dr. Miller has >15 years of experience in the design and
implementation of multiple successful drug development projects and in interactions with regulatory
authorities, advisory committees, investigators, advocacy organizations, and the investment community.

Tan T. Nguyen, M.D., Ph.D.
FDA Office of Orphan Product Development

Dr. Tan Nguyen is a Medical Officer who has been with the FDA Office of Orphan Product Development for 7
years, following a 3-year assignment in the FDA Division of Antiviral Drug Products. He is also an Associate
Professor of Pathology at the Uniformed Services University and a Staff Pathologist at Walter Reed Arm
Medical Center.

Robert Pacifici, Ph.D.
CHDI, Inc.

Dr. Pacifici is currently the Chief Scientific Officer for CHDI, Inc. a privately-held, not-for-profit organization
that is pursuing a biotech approach to rapidly discover and develop drugs that prevent or slow Huntington
Disease. Dr. Pacifici was formerly in Pharmaceutical & Biotechnology sector with Eli Lilly and Company,
Xencor and Amgen where he held positions of increasing responsibility including leadership for their
automation, high throughput screening, and information technologies groups. Dr. Pacifici received a B.S. in
Biochemistry from the University of Massachusetts, Amherst, and his Ph.D. in Biochemistry from the University
of Southern California. He holds an adjunct appointment at the University of Southern California’s Department
of Molecular Pharmacology and is the Chair for the National Institute on Neurological Disorders and Stroke
(NINDS) Spinal Muscular Atrophy Project’s Scientific Steering Committee. He currently sits on several
additional external boards and advisory committees including the Cooperative International Neuromuscular

Research Group, TREAT ALS Steering Committee, SMA Foundation, and the Cure Dystonia Initiative.

*CLOSE OF MEETING*
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ICC Mission and Goals for 2007

The ICC is a volunteer committee composed of stakeholders from the spinal muscular atrophy (SMA)
community who have agreed to work together to address the opportunities and challenges associated
with effectively organizing clinical trials of potential new treatments for SMA.

The mission of the Committee is to facilitate the conduct of fast, efficient and effective clinical trials
in SMA that lead to new treatments, and ultimately improve care for people living with SMA.

ICC Operating Principles

Seek representation and participation of international stakeholder groups including
relevant networks, clinical investigators, families and patients, industry, and regulatory
agencies

Ensure that ICC discussions are open, transparent and accessible

Identify working committees to address the recommendations of the workshop

Meet regularly by teleconference or in person to report on progress and identify and address
emerging issues

Agree to work toward consensus on ICC recommendations to the clinical community

ICC Accomplishments 2004-2006

Successfully applied for a NPTUNE project allocation from NINDS

Coordinated support for the International Patient Registry at the University of Indiana;
established an independent Oversight Committee for this project

Organized reliability studies for various strength and functional outcome measures
Supported the development and submission for publication of an international Consensus
Statement on SMA Standard of Care

Supported the publication of a journal article on clinical trial protocol design:

Kaufmann P. and Muntoni F. (2007), “Issues in SMA clinical trial design The International

Coordinating Committee (ICC) for SMA Subcommittee on SMA Clinical Trial Design,”
Neuromuscular Disorders

Coordinated SMA presence at scientific and medical meetings

2007 ICC Goals for the SMA Community

1.

2.
3.

o1

Encourage assessment of patients eligible for clinical trials by facilitating enrollment in
the International Patient Registry

Host a SMA Summit on Drug Development September 28 & 29 in Bethesda, MD
Facilitate an ongoing discussion of potential and validated outcome and biomarker
measures

Support publication and dissemination of ICC-facilitated manuscripts on

e Consensus Statement on SMA Standard of Care

e Family Survey

e Protocol Design Issues

Build awareness of SMA clinical trial initiatives at professional meetings

Engage with the European TREAT-NMD clinical network of excellence (funded by the
European Community through 2012)
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Working Committee Goals for 2007

Patient Advisory Group
1. Host the SMA Summit on Drug Development
0 Organize a steering committee and facilitate planning of the meeting
0 Drive fundraising for the meeting
0 Raise awareness about the summit and ensure that essential attendees are present
2. Increase enrollment in the International Patient Registry
0 Post Registry information on websites
0 Notify treating physicians about this effort (neurologists, pulmonologists, therapists and
genetic counselors)
0 Notify patients and families
0 Foster collaborative efforts across all stakeholder groups to support this process
0 Work with diagnostic labs to provide registry information upon diagnosis
3. Discuss potential options for other services the registry could provide the community and how to
fund these
4. Educate patients/families about the importance of participation in clinical trials
5. Build awareness about SMA at professional meetings (AAN, ICNC, World Muscle Society
Meeting, and SfN) in part through representation at an SMA exhibitor’s booth

Outcomes Measures

1. Facilitate an ongoing dialog and exploration of outcome measures

2. Achieve international agreement on a common set of outcome measures for each different
functional status

3. Organize a summary chart of measures, reliability and validity statistics, and power calculations
for easy reference

Biomarker Committee

1. Identify members of biomarker committee and establish modality and schedule of contacts (e-
mails/conference calls/meetings)

2. Achieve general agreement on blood sample collection and conservation

Achieve consensus on RNA/protein extraction from samples

4. Exchange samples and compare data on SMN mRNA quantification obtained with different
methods

5. Search for biomarkers other than SMN

Identify sources other than blood as biological material

7. Determine feasibility of establishing a virtual bank of biological samples from SMA patients by
committee members

W

a

Protocol Design
1. Disseminate publication on SMA trial design

2. Explore opportunities to create an international data warehouse for placebo data

Standard of Care

Publish the Consensus Statement on SMA Standard of Care

Disseminate the publication to all care providers and advocacy groups

Assist clinical trial groups in establishing a care standard to facilitate drug discovery
Monitor the effects of the Consensus Statement on clinical outcomes

Explore issues associated with the off-label use of clinical trial drugs

MRS
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Jean-Louis Abitbol, MD
Chief Medical Officer
Trophos
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abitbol@sent.com

Gyula Acsadi, MD, PhD
Associate Professor, Vice Chief
Director of Residency Training
Children's Hospital of Michigan
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gacsadi@med.wayne.edu

Duane Alexander, MD
Director

NICHD, NIH

Ph. (301) 496-3454
Fax (301) 402-1104
alexandd@mail.nih.gov

Mariam Andersen, CCRP

Clinical Research Coordinator
University of Texas Southwestern
Ph. (214) 456-5489

Fax (214) 456-5221
MXANDE@childrens.com

Lou Barbato, MD

Vice President of Clinical Research &
Development, Chief Medical Officer
Tikvah Therapeutics, Inc.

Ph. (404) 920-3180
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Ibarbato@tikvahtherapeutics.com
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Associate Research Professor
University of Miami
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President & CEO

Cystic Fibrosis Foundation
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Senior Vice President, Research
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