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Treatment of infantile-onset spinal muscular atrophy with @ ®
nusinersen: a phase 2, open-label, dose-escalation study

mary
ound Nusinersen i 2 2-O-methony ey phosphorothioste- modified antisense drug being developed o treat

stropin N fically des cplicing of SMN 2 pre-mRNA and thus increase the
amount of functional survival motor neuron (SMN) protein that is deficient in patients with spinal muscular atrophy. -

This open-label, phase 2, escalating dose clinical study assessed the safety and tolerability,
pharmacokinetics, and clinical efficacy of muftiple intrathecal doses of nusinersen (6 mg and
12 mg dose equivalents) in patients with infantile-onset spinal muscular atrophy.
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MOTOR FUNCTION AND VENTILATOR-FREE SURVIVAL

DRUG PHARMACOKINETICS
IN INFANT PLASMA,
CEREBROSPINAL FLUID, AND
SPINAL CORD
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Castly Drug for Fatal Muscular Disease Wins FD.A. Approval
cooo

“The drug, called Spinraza, will not come cheap — and, by some estimates, will
be among the most expensive drugs in the world.”

“Biogen, which is licensing Spinraza from lonis Pharmaceuticals, said this week

that one dose will have a list price of $125,000. That means the drug will cost
$625,000 to $750,000 to cover the five or six doses needed in the first year,
and about $375,000 annually after that, to cover the necessary three doses a
year. Patients will presumably take Spinraza for the rest of their lives.”

1 ORIGINAL ARTICLE ”

Nusinersen versus Sham Control
in Infantile-Onset Spinal Muscular Atrophy

coNCLUSIONS
Amang infants with spinal muscular atrophy, those who received nusinersen were
more | to be alive and have improvements in motor function than those in the
contral group. Early treatment may be necessary to maximize the benefit of the
drug. (Funded by Elogen and lonis Pharmaceuticals; ENDEAR ClinicalTrials.gov
number, NCT02193074)
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| Table 2 Primary and Secondary End Points.*
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Table 3. Adverse Events.

Nusinersen  Control

Group Group

Event (N=80) (N=41)

. (%)

‘ Any adverse event™ 77 (96) 40 (98)
Adverse evert leading to discontinuation Y 1639

‘ Severe adverse event} 45 (56) 33 (80)
Serious adverse event} 878 39.35)
Senous adverse evert with fatal outcomet 1308 1609
Respiratory disorder] @ 12029
Cardiac disorder @ im
General disorder 2@ 1@

Nevous system disorder 2@ 0
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Single-Dose Gene-Replacement Therapy for Spinal Muscular
Atrophy

concLusions
In patients with SMA1, a single intravenous infusion of adeno-associated viral vector
containing DNA coding for SMN resulted in longer survival, superior achievement of
motor milestones, and better motor function than in historical cohores. Further studies
are necessary to confirm the safety and efficacy of this gene therapy. (Funded by
AveXis and others; ClinicalTrials.gov number, NCT02122952.)

Fifteen patients with SMA1 received a single dose of intravenous adeno-associated
virus serotype 9 carrying SMN complementary DNA encoding the missing SMN
protein.

Three of the patients received a low dose (6.7X1013 vg per kilogram of body
weight), and 12 received a high dose (2.0X1014 vg per kilogram).

* The primary outcome was safety.

* The secondary outcome was the time until death or the need for permanent ventilatory

assistance.
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ANTERIOR
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DISEASE

NENGL) MED377:2 NEJM.ORG JULY 13, 2017

ALS IS NOT JUST A DISEASE OF THE MOTOR SYSTEM

Cerebellar
degeneration

Parkinsonism LMN degeneration

Ocular
abnormalities
UMN degeneration

Dementia

Sensory abnormalities Autonomic dysfunction
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== Primary lateral sclerosis

4 e Progressive muscular atrophy
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@ M Novel genes associated with amyotrophic lateral sclerosis:
~ diagnostic and clinical implications

¢ Familial ALS cases constitute about 10% of all cases of ALS.

e Of this 10%, about 70% can be explained by genetics.

* Two substantial increases in genetic contribution to ALS

* 2008 : TARDBP (contributes to about 4% of familial and 1% of sporadic cases)

* 2011, C9orf72 (contributing to about 40% of familial cases and 8% of
sporadic cases).

* Since2014, seven novel genes—MATR3, CHCHD10, TBK1, TUBA4A, NEK1,
C21orf2, and CCNF—associated with ALS have been identified
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Amyotrophic lateral sclerosis: moving towards a new
classification system

Lances Neurol 2016; 15: 1182-94

Diagnosis.

Phenotypes
Progressive bulbar palsy Psevdobulbar palsy

FTD Impaired cognition  Normal cognition

Flail arm, flail leg, other informal phenotypic terms

Young onset Old onset

Aggressive disease Slowly progressive disease

Bulbar onset onset

Figure 1: Diagnosis and phenotypes of amyotraphic lateral sclerosis
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Panel 1: Descriptors used in amyotrophic lateral sclerosis Symmetry
Flail-arm synd (also ki as man-in-a-barrel synd flail-leg synd (als
Extramotor features known as syndrome polyneuritique)
Amyotrophic lateral sclerosis (ALS) with d ia, ALS d ti
parkinsonism, autonomic failure Site of onset
Balance of upper and lower motor neuron involvement Bulbar onset, spinal onset, limb onset, respiratory onset
Classic ALS (also known as Charcot ALS), motor neuron disease, motor system disorder, Family history
ALS, primary lateral sclerosis, p ive muscular atrophy, p i upper motor Familial ALS, sporadic ALS
neuron ALS, predominantly lower motor neuron ALS, progressive bulbar palsy, 2
pseudobulbar palsy, Mill's syndrome, El Escorial categories, flail-arm syndrome (also Disease progression
known in-a-barrel flail-leg synd (also known as synd; El Escorial categories, clinical staging. functional staging. pathological staging
polyneuritique)
Age
Sevwtty of symptoass i Young-onset ALS, juvenile ALS
Bulbar palsy, pseudobulbar palsy, progressive bulbar palsy, bulbar ALS, flail-arm syndrome
(also known as in-a-barrel syndrome), flail-} (also known as syndrome Prognosls
lyneuriti ALS, resp y ALS, ALS, wasted leg Rapidly progressive ALS, aggressive ALS, slowly progressive ALS
syndrome, El Escorial categories, clinical staging
DefiniteALS" ProbableALS" ALS  Possible ALS"
PROPOSED CLASSIFICATION SYSTEM FOR ALS S -
BEscoral regun UMN and LN sigrs m ey one (M sgns.
[ ™ clea  thebodyt regins withscme LMN s regan, orUMN sgns skone s bwoce oy
v 54 o to Wi siges mere regens, ox LM sges st
Stage  Phenotype Diagnesis £l Escorial category N sges
& [ — e
EI PR 18N sgns e o regors ::umnq-uum N sigrs
Mandatory terms Symmetry. o i i
EI Young ot evdenc f UNN ard W s
Other (008" o it some ‘only one regpon, cr UMN5iges alore
II] i intwo o mose regions or WM sgns
o outal o UMNsigns
rhagen
[ ore, daphege,

Diagnastic modifiers

Optional terms

The
‘Stage 2 young-onset ALS, fulling EI Escorial citeia for probable ALS”, o
E L to

ful ling €1 possible ALS"

srmen g ot andbemboanl ol e menatd ruace

Tiable:1: The E Escorial riteria and it revisions
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ALS Clinical Trials Review: 20 Years
of Failure. Are We Any Closer to
Registering a New Treatment?

Dmitry Petrov’, Colin Mansfiold"’, Alain Moussy' and Ofivier Herming 2145474

U.S. FOOD & DRUG

Mews & Events
FDA News Release
FDA approves drug to treat ALS
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EDARAVARONE

Edaravone (brand names Radicava, 7HwW K,
Radicut) is a nootropic and neuroprotective agent
used for the purpose of aiding neurological
recovery following acute brain ischemia and
subsequent cerebral infarction.

It acts as a potent antioxidant and strongly
scavenges free radicals, protecting against
oxidative stress and neuronal apoptosis

Safety and efficacy of edaravone in well defined patients @Hh®
with amyotrophic lateral sclerosis: a randomised, o
double-blind, placebo-controlled trial

Lancet N 2017;16:505-12!

The pivotal trial grew out of a larger trial that tested edaravone's ability to slow
functional decline in a larger group of ALS patients within three years of diagnosis,
with forced vital capacity (FVC) of at least 70 percent of expected.

* No benefit was seen in the group as a whole.

But a post-hoc analysis suggested a slowing of decline in a subgroup of patients,
those early in the disease, and with good respiratory and motor function who were
nonetheless progressing.

09/02/61

It enrolled patients

* within two years of diagnosis,

- with FVC of at least 80 percent of expected, and

* who scored at least two points (out of a maximum of four) on each item in the ALS Functional
Rating Scale-Revised (ALSFRS-R).

* The scale ranks function on 12 activities, covering bulbar, gross motor, fine motor, and
respiratory function.

The first round of treatment requires a one-hour infusion every day for 14 days, followed by

14 days off. After that, the infusions are given daily for 10 out of 14 days, with 14 days off.

Observation during a 12-week pre-treatment period ensured that patients were declining
prior to randomization.
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A reduction in ALSFRS-R decline of 33 percent.
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Tabie . Primary and secondary endpoints

A 2010 survey of ALS researchers identified a change of 20 percent or greater in the slope of the
ALSFRS-R as “clinically meaningful.”
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Table

1. Postintervention scale.”

Respense to therapy

Definition of response

Complete stable
remission (CSR)

o No symptoms or signs of MG for at leas
1 year and no therapy for MG during

that time

« No weakness of any muscle on careful

examination by someone skilled in evalu-

ation of neuromuscular disease.

» Isolated weakness of eyelid closure

‘acceptable.

Pharmacologic o Same criteria as for CSR except that
remission (PR) some form of therapy for MG continues

o Patients taking anticholinesterase inhibi-

tors excluded as their use suggests

presence of weakness.

ONSET OF ACTION OF THE DIFFERENT THERAPY
OPTIONS

T
Immunosuppressants
‘A Gurtlccfslur-.uds
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1E
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H Days Weeks Months Yaars

The NEW ENGLAND
JOURNAL of MEDICINE

.............. AOUST 1L, 3918 T e
Randomized Trial of Thymectomy in Myasthenia Gravis
Extended transternal thymectomy plus prednisolone vs

Prednisolone alone

18-65 years old with disease duration less than 5 years,
AchR antibody- positive

MGFA class II-1V (mild to severe generalized disease)
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EMERGING THERAPY OPTIONS

Rituximab:
« Anti CD 20 (pre-B cell and mature B cell) — Lymphocyte depletion

Eculizumab:

« monoclonal Ab- blocks formation of terminal complement complex by selectively
preventing the enzymatic cleavage of C5.

Belimumab:

* Anti B cell activating factor (BAFF-potent B cell survival factor)

y phage colony

factor.
Bortezomib

Etanercept

Schematic diagram outlining the mechanistic hypothesis for the
production of AChR or MuSK MG autoantibodies

s} Rituximab action
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RITUXIMAB TREATMENT OF MYASTHENIA GRAVIS: A SYSTEMATIC
REVIEW

RUP TANDAN, MD, FRCP," MICHAEL K. HEHIR Il, MD," WAQAR WAHEED, MD." and DIANTHA B. HOWARD, MS*

ol Sciences, L -

v { Newr

Muscle Nerve 56: 185-196, 2017
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Table 3. Fituniria

FIGURE 2. Rituximab serum levels and CD20* B-cell counts in
myasthenia gravis patients before, during, and after treatment
with 375-mg/m? rituximab infusions on weeks 4, 5, 6, and 7
(diamonds: CD20" B-cell counts)

CONCLUSION

Response predictors

“ MuSK MG,

*less severe disease,

" younger age at treatment.

“Among a responder subset, 26% of AChR and 82% of MuSK MG
patients showed decreased posttreatment antibody titers.

= Rituximab was generally well tolerated.

D ble serum ri b and depleted CD201 B-cells were observed up to 20
and 16 weeks, respectively, after 4 weekly infusions.

Safety and efficacy of eculizumab in anti-acetylcholine
receptor antibody-positive refractory generalised
myasthenia gravis (REGAIN): a phase 3, randomised, double-
blind, placebo-controlled, multicentre study

The change in the MG-ADL score was not istically
eculizumab and placebo, as i by the ysis.
was well tolerated.

The use of a worst-rank analytical approach proved to be an important limitation
itivi LancetNeurel 2017

of this study since the y and y results were
inconsistent with the primary endpoint result; further research into the role o

complement is needed.

S1474-4422(17)30369-1
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Eculizumab Blocks Terminal Complement

Complement Cascade
P N

+ Eculizumab binds with high affinity
toC5%2

* Terminal complement - C5a and
€5b-9 formation blocked'?

* Proximal functions of complement
remain intact'?
* Weak anaphylatoxini*

* Immune complex clearance’
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.:g.. ™ Eculinmab (n=62) Placebo (n=63) Total (n=125)
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'3 F .| g ¥ Discontinuations because of adverse events a(6%) o A
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FDA APPROVED ECULIZUMAB FOR THE
TREATMENT OF PATIENTS WITH GENERALIZED MG

October 23, 2017

First FDA-approved treatment in more than 6 years for adult GMG patients.
+ Previously failed i i
unresolved disease symptoms.

and continued to suffer from significant

Also approved in Europe (EU) and Japan for refractory GMG in anti AchR
antibody — positive patients

For nonsteroidal IS agents, once treatment goals have
been achieved and maintained for 6 months to 2 years,
the IS dose should be tapered slowly to the minimal
effective amount.

Dosage adjustments should be made no more frequently
than every 3—6 months

Tapering of IS drugs is associated with risk of relapse, which may
necessitate upward adjustments in dose.

The risk of relapse is higher in patients who are symptomatic, or
after rapid taper.

It is usually necessary to maintain some immunosuppression for
many years, sometimes for life.

Neurology® 2016;87:410-425

MULTIDISCIPLINARY NETWORK OF CARE FOR
PEOPLE WITH NEUROMUSCULAR DISEASE

—
Advocacy
Community reseurces
Patient suppon proups

Pritantnvapy, Foundations

DEVELOPING MULTIDISCIPLINARY CLINICS FOR NEUROMUSCULAR
CARE AND RESEARCH

SABRINA PAGANONL MO, PhD,'>? KATIE NICHOLSON, MD,'" FAWN LEIGH, MD,'

KATHRYN SWOBODA, MO (0, DAVID CHAD, MD,' KFESTIN DRAKE, MS, MBA,'* KELLEN HALEY, BA,'?

MERIT CUDKOWICZ, MD, MSc,'” and JAMES D. BERRY, MO, MPH'*

Yet, multidisciplinary care requires substantial commitment of staff time and
resources.

We calculated personnelcosts in our ALS clinic in 2015 and found an

average cost per patient visit of $580, of which only 45% was covered by
nsurance reimbursement.

MUSCLE & NERVE  November 2017
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Table 1. Typical schedule of and possitle o 0 chik] with musculr dystrophy.
Speciity Frequency Asspssment Interventans
Whamichavmobity dne PRN Asastvn ot dewcn Qrotor. power whonthar. shownt
Newrougy Twoe 8 year Dignans medcabans Carticosterodss. art-pieptic dngs ) DME prowiders ansentment Ghar, ransier devwces and 11
antiopatory Quidance: hotpta bed
coongination of care [ — AN [ rp—p—— AFO. back basce, cenionl ol
Twice a year Pumonary function tests Fiu vaccine; nebulzes/irhalers Gastoanmeicgy, spoech  Once 8 year Wit swlowrs Swiow evaLiaton tow marmer:
chest X-ray; deop shudy cough assist device; non-mvasive gy anet ntion corspmtonione O prophisds; fescing tube
arid St vacigtlin o Al dagnoss nd PRN Contaton: gont tests Garetic counseing
Cardology Once a yesr, PAN J for Pttty ard Al bassire wnd PRN Consutaton dvitined saucHlion and behavoal
soctrocardogram and/cr arhytmia rouopctoky pian: simurts. S5
Enctoranigy Onos & yeur, PRN Growth; bone heslth siersd  Caicum; vitamin D; bisphosphanates Social work Toice n e Pyctosoon g [P ——
wihdrawalfstross d0s0 Anoshasa AN Proprocedm Provert nd trost makrant
Orthopedic surgery Once & year Spine fims: bone X-rays MAI Scoloss management s L~ Ryrelbmnis pln ranegiaie
ankiafont surery [ —— ) Conmtson P g, scvarced demcines
Physical therapy and Twice a yewr in ginic and Functional evaluationy Siretching. strengthenng and hospios ondof-Hle care; bioathcs
ccoupationsl therapy PRN in e cammuniy angoing treskment mcbity evahsstion:

equipment need assessment DL Sy = ——
g PRI Do e nata 8. as rencr) S5 SRCIVE SIOION M R

Tables 2. Beyond the cinic walks.
Modsity Foe

Teishest Repiace in-person vsts, recuce ravel eicrts and costs, maitain comecton

wah peopis who have st sbity 10

| 14.8% chane
i b oinb 19%  email
Motk heath Allow for rest-tme access 1o cine: stef using ltvely low-cost techn
decicaten apps can provids patents with nbormetion o mantor function n 19%  pepemork
e patent's ewranment
Remote montorng pltionms Remote montaring of well bang based an information #om teatment devices 48.8% in person
6/3.. G0t Colected by NON-NVESKD O TSNS ventiation Machines, data

colected from eye-gazs or Communication plstionms, o Offver Comecied

dedcea) FIGURE 4. Time stdy of nursirg activies in 3 mutdisciplinary
Patint suppon goups Loaner ciosets, poer 10-pot Suppont gougs, undeng lr teseech nd AL cinic. Data on nursing staf efforts to support 3 physicians
cinca
Adwoacy grams Rase awareness sout ihe dsesse, Lnarsng, advocste far poloy changes
Prvirittvopiy fourdsions. pévete donors) Prowde or help rase fundng far research and cines care
Moottt et Rase awaroness about ihe dsease and irstmert and research opians

FIGURE 3. Age distrbutan of pationts scen a1 13 Massac-
Patent pots

Onine acomss 10 ane's own clinical and research ormation 5015 General Hospaw pesiatre mudiscipinry nevromuscular

THE CHALLENGE AHEAD

NEURGLOGIC agents are among the mast sxpensive drugs
approved In the fast faw years.
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