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Ibudilast - Glial Pathology MS, ALS, Glioblastoma Treatment Development

Ibudilast Pharmacology - Target Engagement

Adaptive Protocol - Early Cohort (EC)
- Advanced Non-Invasive Ventilation Cohort (ANC)

- Vital Status post Ibudilast Washout
Un-Blinded Tolerability and Safety Analysis - 0-6 and 6-12 months
Un-Blinded Clinical Endpoint Exploratory Analysis - 0-6 and 6-12 months

Manual Muscle Testing No Progression
- MMT Responders

ALS Quality of Life No Progression
- ALSAQ-5 Responders

ALS Functional Rating Scale - Revised No Progression
- ALSFRS-R Responders

Survival Per Protocol Completion - due to ALSFRS-R responders

Conclusions

V¢ MDA :: $ | ;
h e i
Carolinas HealthCare System =3

ALS DIVISION



D I'he Carolinas Neuromuscular
) ALS - MDA Center

- : L= 3
oy MEDICINOVA Azs @ MBR

Carolinas Medical Center

Stimulus

" Neuro ...
N“ NEXT wies

NN102 SPRINT-MS

Glial nhibit glial activation: 3- *>
activation isobutyryl-2- SPRINTMS
isopropylpyrazolo-[1,5- A L S

a]pyridine] (Ibudilast)
572, Carolinas

N2, C .
. m U.S. National Library of Medicine %’g) 5“‘l('-“l]lh(-:lm
System

N ClinicalTrials.gov
N \

Inhibit microglia
activation:
minocycline

Microglia

Pro-inflammatory}

Ibudilast (MN-168} in Subjects With Amyotrophic Lateral Sclerosis (ALS) (BU-ALS-

cytokines
— . ~ 1201)
Inh I b|t t°||-|lke A trOc \v te This stutly is ongoing, but not racruiting participants. ClinicalTrials.gov Identifier:
receptors e ¢ Sy NeTozzs8ezs
b MediciNova First Posted: September 12, 2014
: Last Update Posted: October 20, 2017
Endothelial
ce I I U.S. National Library of Medicine @
ClinicalTrials.gov

A Biomarker Study to Evaluate MN-166 (Ibudilast) in Subjects With Amyotrophic
Literal Sclerosis (ALS)

PAR-2 a ntago n i St: N 1 -3 3 This study is currently recruiting participants. ClinicafTrials.gov Identifier:
methylbUtyryl'N4'6' oo > Contacts nd Locations NoTear14088

Veriiac August 2017 by MediciNova First Posted: March 21, 2016

aminohexanoyl- - —————
piperazine (ENMD-1068) Vescoa

Basement
membrane

Loss of BBB
integrity

° Muscular
s MDA ;. @
Association ¢
ALS DIVISION Carolinas HealthCare System |




- @ The Carolinas Neuromuscular
sympesium ALS - MDA Center !
- MEDICINOVA AZs @ MDA

NCT02238626 ot

i n ==
B T
EUROPEAN COMMITTEE FOR TREATMENT
AND RESEARCH IN MULTIPLE SCLEROSIS

aCt r?m S 7™ JOINT ECTRIMS — ACTRIMS MEETING
25-28 OCTOBER 2017, PARIS, FRANCE

Primary Objective 1: BPF

Estimated Rate of Annual BPF Change

SPRINT-MS/NN 102 Phase Il Trial of Ibudilast
in Progressive MS: Top-Line Results
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The challenges associated with molecular targeted therapies

for glioblastoma

Toni Rose Jue' * Kerrie L. McDonald'

Received: 30 Seplember 2015/ Acepied: 15 Febroary 2016/ Poblished online: 22 Febroary 2016

D Spdnger Science+Business Media New York 2016

Absiract Glioblastoma (GEM) is the most aggressive
malignant brain wmor in adults. Improvements in the
treatment of GBM have remained static zince the advent of
the standard therapy which includes radiation with con-
current and adjuvant temozolomide reatment. Developing
treatment and disgnosic or companion biomarker combi-
nations is transforming e way we theat numerous Cancers.
However, can this emerging paradigm be also effectve for
GEM? Can GEM be treated the same way a8 other can-
cers? Here we neview the chalenges for a personalized
maolecular targeted therapeatic approach in GBEM. The
specific challenges for establishing & personalized molec-
ular targeted madicine program for GEM patients include
overooming the blosd brain barier, unravelling the intra-
and inter-heterogeneity that exists and the imporance of
developing more relevant animal models that recapitulate a
patient’s GBM tumor,
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5 years. GBM are highly refractory o treatment with local
tumar recumence occuming -3 em from the origina
resgction cavity (te area exposed to radistion teatment)
frequently oheerved. Relapsed GEMs are difficult tomanage
with a median survivalofonly afew monthzafier recumence
[ 1] Increasingly, the de velopment of novel therapies nvolve
defining drug-diagnostic combinations where e presnce
of & molecular target or marker identifies patents who are
met likely o respond to a specific therapy. This mode] of
developing treatment and diag nostic/ocompanion biomarker
combinations is the emerging paradigm for novel dng and
diagnostic development [2—4] with 2 recent example being
the use of BRAF inhibitors, whichtarget aspecific activating
mutation of BRAF (VOIE) in melanoma [5]. GBEM iz
characterized by inter- and intra-patient gemomic and
histopathological diversity, anzing from the complex
dynamics that underpin its development Given this, a single
“bullst” approach is unrealistic,
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P01.20 Treatment of recurrent glioblastoma with the
cytokine inhibitor, ibudilast in combination with

temozolomide
K. L. McDonald, W. Ha, M. Khasraw

@ The Carolinas Neuromuscular

Neuro-Oncology

Neuro-Oncology, Volume 19, Issue suppl_3, 1 May 2017, Pages iii27,
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Abstract

BACKGROUND: Recurrence in patients with glioblastoma (GBM) is inevitable, even in
patients with 0-6-Methylguanine-DNA Methyl Transferase (MGMT) methylation. We
identified increased expression of the inflammatory cytokine, Macrophage Inhibitory
Factor (MIF) and its receptor CD74 in patients with recurrent tumours. High levels of
MIF and CD74 were associated with poor overall survival in GBM patients. This study
aims to determine efficacy of Ibudliast (AV411; 3-isobutyryl-2-isopropylpyrazolo-[1,5-
a]pyridine) to block MIF expression and decrease tumour burden. Tbudilast is an anti-
inflammatory drug that was developed for the treatment of bronchial asthma.
METHODS: The patient derived cell lines (PDCLs) RN1 (MGMT unmethylated), BAH1
(MGMT methylated), and HW1 (MGMT methylated) were treated in vitro with different
concentrations of ibudilast in combination with temozolomide (TMZ). Patient derived
xenograft (PDX) models of GBM were developed and treated with the combination of

Sk

HARVARD MEDICAL SCHOOL
'\-;"Il: TEACHING HOSPITAL

Dana-Farber/Harvard
Cancer Center

Nartional
Comprehensive
Cancer

Nerwork®

Designated
Comprenensive
Cancer Center

_ CarolmasHealthCareSysm _ - _



- (,(-\ I'he Carolinas Neuromuscular
Sympésium () ALS - MDA Center
g = P Im
b MEDIC[NOVA 74[‘5- lg’%' ALS DIVISION
Carolinas Medical Center

NCT02238626

Ibudilast Pharmacology

Target Engagement




(() D et
NCT02238626 Background MEDICINOVA Als @ MR

Riluzole Pharmacology

Riluzole currently slows the rate of loss of ALSFRS-R by 25-28%
when administered at 50mg-twice-daily to achieve levels of 30-
1552 ng/mL corresponding to 0.15-6.6 pM ( Groeneveld, 2003 ).

Tissue levels are 10-fold higher ( Milane, 2009 ) providing in vivo
levels that permit multiple pharmacological activities including

CREB-mediated enhancement of neurotrophic factors
( Tsuchioka, 2011)

CREB-mediated glutamate transport activation
( Hayashida, 2010 )

Riluzole has weak phosphodiesterase (PDE) inhibitor activity (
Duprat, 2000 ).
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Enhance Riluzole Pharmacology

Both riluzole and some PDE inhibitors reduce infarct size
following transient cerebral artery occlusion ( O’Neill, 1997 ).

Ibudilast, achieves this reduced infarct size at serum levels
achievable in humans ( Lee, 2011).

Decreased Cytokine Production by Microglia

Reduction in TNFalpha production by activated microglia
(Kiebala,2011, Hama,2012) and astroctyes ( Yoshikawa, 2002 ).

Inhibition Matrix Metalloproteinase-9

Inhibition of matrix metallo-proteinase-9 ( Yagi, 2010 ) which may
be a key factor in ALS progression ( Kaplan, 2014 ).
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Ibudilast Pharmacology - Target Engagement

Ibudilast
Biochemistry |C5o

PDE4A - 0.05 pM
PDE4B - 0.06 uM
PDE4C - 0.24 uM

Chronic daily oral administration of Ibudilast at
30mg twice-daily in humans can achieve peak |
0.25 uM ] and trough [ 0.15 uM ] serum levels (
Yoon, 2009 ). Brain and spinal cord levels of
Ibudilast are higher ( Sanftner, 2009 ).
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tion on day 1, followed by n =10 subjects receiving 30 mg b.i.d. from day
3 to day 16. Data represents mean (+ SD)
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Adaptive Protocol Adaptive Protocol

Months - rvival Follow-
Clinic Visits |0 |3 |6 |9 | 12 survival Follow-up
— — ; . 2 Week Safety
Telephone Visits I 1 |2 |4 |5 I 7 I 8 |10 | 1
- Riluzole inclusion criteria 10
- Advanced ALS on NIV lbudilast-drug Safety Vital Signs TEAEs TESAEs Labs
30 BID — >
_5 Rirlr:gole Feasibility # 3 mon / Starts
ﬁ 50mg BID Tolerability # 12 mon / Starts
5 20
B .
c Ibudilast-pbo
&“ 30mg BID
Riluzole —> Rate of VC change
50mg BID

Rate of ALSFRS-R change
NIV Utilization # 3 mon # 6 mon # 9 Mon # 12 mon / Starts

Survival

ALS Biomarker
Rate of Creatinine Change
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NCT02238626 Protocol Milestones
MN -166 - ALS - 1201

Randomization
ClinicalTrials.gov

A service of the U.S. National Institutes of Health

Trial record 1 of 1 for:  ibudilast ALS

MN-166 Ibudilast

2 MN-166 Ibudilast

Previous Study | Returnto List | Next Study

Ibudilast (MN-166) in Subjects With Amyotrophic Lateral Sclerosis (ALS) (IBU-ALS-1201)

ClinicalTrials.gov Identifier:
NCT02238626

This study is currently recruiting participants. (see Contacts and Locations)

Safety Cohort 1 to continue MN-166 in MN-166 / Placebo Treated Subjects at 6 months

Verified September 2014 by MediciNova
First received: September 4, 2014
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Sponsor:
1 MN-166 Placebo MN-166 Ibudilast
* Information provided by (Responsible Party):
MediciNova
| | Safety Cohort 2 to continue MN-166 in MN-166 / Placebo Treated Subjects at 12 months
Screen | g
o |0 Aan 2015 T MND 2015 T AAN 2016 MND 2016 YT —
Analysis Analysis
¢ e == e Gotiort Cohort
Safety Cohort 1 Safety Cohort 2 40 MN-166
40 MN-166 20 PBO Syt on'fe montls
21 20 MN-166 10 PBO Subjects 20 PBO
Subjects Subjects completing Subjects on 6 months
completing completing first 6 months MN-166
first3 months first 6 months onTizanen Treatment
on Treatment on Treatment
Clinic Clinic |® Clinic | ™ Clinic | ¥ Clinic | ™
Mon Mon . Mon . Mon . Mon .
0 3 A 6 A 9 A 12 A
G e G o G o [E
[ = J O O J = = J ] (] J [}
2 4 8 12 16 20 24 28 32 36 40 44 48 52
A A A A A A A A A A

@ Telephone Visits every Four ( 4 ) Weeks

Clinical and Laboratory Outcomes entered into StudyTrax Clinical Trial Database
N HPI PMH @ PEx NEx MMT ALSFRS-R PFTs ALSAQ-5 GCIC A IMH ALS Milestones TEAEs TESAEs Con Meds @ Lab CBC CMP CKUA & EKG

D



A I'he Carolinas Neuromuscular
() ALS - MDA Center

NCT02238626 MEDICINOVA AZs @ MBR

cal Center

Inclusion/Exclusion Criteria

Inclusion:
®* Age 18-80 years
® Diagnosis of familial or sporadic ALS
®* ALS with onset of <5 yrs for EC
* SVC=>60%
® Currently on stable dose of Riluzole

Exclusion:

® Use of Tracheostomy, invasive mechanical ventilation, Non-invasive
ventilation NIV

* > 3% predicted loss in post-diagnosis VC per month or a > 1 unit loss
in post diagnosis ALSFRS-R total score per month
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EC Baseline characteristics
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Placebo Ibudilast
(N=17) (N=34)

Age 57.5
Female 5(29.4%)
Ethnicity
eCaucasian 15 (88.2%)
*African American 2(11.8%)
*Asian 0%
*Unknown 0%
Baseline ALSFRS-R 39.0
Baseline SVC 97.2
Baseline MIP/NIF -98.1
Baseline MMT (Right) 4.08
Baseline MMT (Left) 3.97
Baseline ALSAQ-5 6.4

59.2
11 (32.4%)

31 (91.2%)
1(2.9%)
1(2.9%)
1(2.9%)

39.3

92.0
-86.0
4.16
4.15
6.4
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Early Cohort

Screen Failure =4 | €

NCT02238626

Randomized = 51

Placebo
N=17

Early Terminate 2

\ MN-166
N=34

Early terminate 5

Month 6 completer
on study drug
N=15

Month 6 completer
on study drug
N= 29

Early Terminate 3

Early Terminate 6

Month 12 completer
on study drug
N=12

Month 12 completer
on study drug
N= 23
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DB OL WO PWO i b1
| 6 | |7 12 || |14 18-37  Months

DB OLE Post OLE
Feasibility Feasibility Progression Progression
Tolerability Tolerability NIV GT Survival NIV GT Survival
Safety Safety MMT Modifiers

AEs SAEs AEs SAEs ALS-FRS-R Age Sex
Progression Progression SVvC Site Onset

NIV GT Survival NIV GT Survival change from BL Onset-Dx Dx-BL
MMT, ALSAQ-5 MMT, ALSAQ-5 change from DB ALS-FRS-R
ALS-FRS-R ALS-FRS-R change from OLE delta ALS-FRS-R
SvC SvC Modifiers Onset-Dx Dx-BL
change from BL change from BL Age Sex Randomization
Modifiers change from DB Site Onset

Age Sex Modifiers Onset-Dx Dx-BL

Site Onset Age Sex ALS-FRS-R

Onset-Dx Dx-BL Site Onset delta ALS-FRS-R

ALS-FRS-R Onset-Dx Dx-BL Onset-Dx Dx-BL

delta ALS-FRS-R ALS-FRS-R Randomization

Onset-Dx Dx-BL
Randomization

delta ALS-FRS-R
Onset-Dx Dx-BL
Randomization
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EC Clinical Trial Endpoints
Primary:
* Tolerability — early discontinuation from study or drug
®* Safety — AEs, SAEs

Secondary Clinical Endpoint Responsiveness

* MMT( Manual Muscle Test) DB | OLE epochs

* ALSAQ-5 DB | OLE epochs

® ALSFRS-R DB | OLE epochs

® Survival DB | OLE epochs | Post Wash Out Follow-Up
* Respiratory Function DB | OLE epochs

°* NIVGT DB | OLE epochs | Post Wash Out Follow-Up
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EC Data Analysis Population

ITT ( Intention-To-Treat) population

= all randomized patients
Total =51 ( Placebo = 17; MN-166 = 34 )

PP (Per-Protocol) population
= completed study

Double-blind phase
Total = 44 ( Placebo = 15; MN-166 = 29 )
Open Label Extension

Total = 35 ( Placebo = 12; MN-166 = 23 )




- (,(-\ I'he Carolinas Neuromuscular
Sympésium () ALS - MDA Center
g = P Im
b MEDIC[NOVA 74[‘5- lg’%' ALS DIVISION
Carolinas Medical Center

NCT02238626

Primary Endpoints

Tolerability / Safety

DB - OLE -12 months
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Primary Endpoints : Tolerability

EC Safety Analysis ITT Population
# of subjects early study or drug termination
Double-Blind Epoch (0 - 6 month)

Placebo Ibudilast

(N=17) (N=34)
Early Study Termination 2 p.
*Due to AEs 1 1
*Any Reason 1 1
Early Drug Termination 0 3
*Due to AEs 0 2
*Any Reason 0 1
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Primary Endpoints : Safety

EC Safety Analysis ITT Population
Treatment Related AEs ( TRAEs ) # of subjects, # of events
Double-Blind Epoch (0 — 6 month)

# of Subjects or
# of Events

Placebo Ibudilast
N=17 N=34
# of Subject with at Least one TRAEs n=3 n=4
Total events # of TRAEs 5 8
Severe or Life-threatening TRAEs 0 0
Serious TRAEs 0 0
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Primary Endpoints : Safety

EC Safety Analysis ITT Population
Treatment Related AEs ( TRAEs ) # of events
Double-Blind Epoch ( 0 — 6 month)

Placebo (n=3) Ibudilast (n=4)
Gastrointestinal system 1 P
Nervous system disorder 3 0
Metabolism and Nutrition 0 4
Investigation 1 1
Injury 0 1
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Primary Endpoints : Safety

EC Safety Analysis ITT Population
Treatment Emergent AEs (TEAEs) # of subjects
Entire Study ( 0-12 months )

Placebo Ibudilast
N=17 N=34
At Least one TEAEs n= 17 n= 34
Severe or Life threatening TEAEs n= 2 nN= 4
Serious Adverse Events n= 1 n= 5
Treatment Related Adverse Events n= 10 n= 13
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Primary Endpoints : Safety

EC Safety Analysis ITT Population Serious Adverse Events
Double-Blind and Open Label Extension ( 0- 12 months )

Subject Reference # “ Treatment related ?

022 DVT No
027 Leg fracture No
028 Dysphagia No

Bowel obstruction

029 Ankle fracture No
049 Ureteral stone No
052 Pneumonia No
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Secondary Endpoints

Clinical Endpoint
Responsiveness

DB OLE 12 months
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Secondary Endpoints

Manual Muscle Testing MMT
Responder =
O unit loss or gain per 6 months change
Non-Responder =
> 1 unit loss per 6 months change

DB - OLE -12 months
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MMT score

EC ITT population

% of subjects stable or improved (same or higher score ) on
6 months treatment

Double-Blind Phase Open-Label Phase Ibudilast
Ibudilast treatment combined

Placebo Ibudilast 6-12 mon
treatment (N=51)
(N=17) (N=34) (N=17)
4/17 11/34 6/17 17 / 51
(23.5%) (32.4%) (35.3%) (33.3%)
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Secondary Endpoints

ALSAQ-5
Responder =
O unit loss or gain per 6 months change
Non-Responder =
> 1 unit loss per 6 months change

DB - OLE -12 months
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EC ITT population

% of subjects stable or improved (same or lower score)
on 6 month treatment

Double-Blind Phase Open-Label Phase Ibudilast
Ibudilast treatment combined
6-12 mon

IbUdiIaSt treatment ( N=51 )

(N=34) (N=17)
4/17 17 / 34 5/17 22 /51
(23.5%) (50.0 % ) (29.4% ) (43.1%)

MDA ® | ;

3 h Mot
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Secondary Endpoints

ALSFRS-R total

Responder =
<l unitloss per 6 months change
Non-Responder =
> 1 unit loss per 6 months change

DB - OLE -12 months
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ALSFRS-R Score NCT02238626 ‘" CE®iE

EC ITT population

% of subjects with less than 1 unit change in 6 months stable or improved
on 6 or 12 months treatment

Double-Blind Phase Open Label Phase m

Placebo Ibudilast Ibudilast Ibudilast Ibudilast
0-6 mon 6-12 mon 0-12 mon

treatment treatment treatment

combined

(N=17) (N=34) (N=51)

3/17 10 / 34 6/17 3* /34 19 * /51
(17.6 %) (29.4 %) (35.3%) (8.8%) (37.3%)

* Removed 2 overwrapped subjects
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ALSFRS-R Score NCT02238626 ‘" CE®iE
EC PP population

% of subjects with less than 1 unit change in 6 months stable or improved
on 6 or 12 months treatment

Double-Blind Phase Open Label Phase m

Ibudilast Ibudilast Ibudilast Ibudilast

0-6 mon 6-12 mon 0-12 mon

treatment treatment treatment

combined

(N=12) (N=23) EEL)

3/15 10/ 29 6/12 3* /23 19 * / 35
( 20.0%) (34.5%) (50.0%) (13.0%) (54.3 %)

* Removed 2 overwrapped subjects
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ALSFRS-R Responder Analysis - Comparison

0-6 or 6-12 month Non-Decline ITT
3/17=17.6% pbo 0-6 mon
29.4% Ibd 0-6 mon
35.3% pbo-lbd 6-12 mon
8.8 % pbo-lbd 6-12 mon
19*/51 =37.3% Ibd 0-12 mon

10/ 34
6/17
3*/34

How common

reversals?

ALS plateaus and

Richard 5. Bedlack, MDD,  ABSTRACT
FHD Objective: To determine the frequency of amyatrophic lateral sclerasis (ALS plateaus and rever-

mﬂv‘;) “:‘a‘: PAD  salsin the Posled Resoures Open-Ascess ALS Clinieal Trisls (PRO-ACT) database.

Jamie 1 o Methods: We malyzed Amyctrophic Lateral Sclerosis Functional Rating Scale [ALSFRS) and

Frvin S : i ALSFRS-revised (ALSFRS-R) data from FRO-ACT particigants. The frequendies of participants

R S esperiencing plateaus (periods where scones did nat change) were calculated over §-, 12-, and

Pt ﬁﬂ' i, PR 18-month epachs. The percertage of particpants ever experiending reversals (periods where

Thartd Schmenid scores improved) of dif ferent lengthe were also calculsted and plotted.

Merit Cudkowics, MDD Results Over & rronthe, 25% of 3,132 participants did rot decline Over 12 manths, 16% of

Alex Shemnan 2105 participants did not decline. Over 18 months, 7% of 1 218 participants did not dedline
Small ALS reversals were also commeon, especially over shorter follow-up itervals 14% of
1,343 particpants had s 180-day interval where thesr ALSFRS-R sope was graster than sero.

of 4 or more ALSFRS-R points

L Fewer than 1% of participants ever experk

D Bl Listing at beast 12 months

S0 e e achs
< don: ALS platess are common, especk Erief intervals. in light
of these data, stable disease, especially for ashort pericd of time, should ot be interpreted as an
ALS treatment effect Large sustained ALS reversals, on the other hand, are rre, potentislly
Enpartant, and warant further study. Neurology® 201 6.86-808-812

Placebo Non-Decline PP
782 /3132=25% 6 mon
337 /2105 =16 % 12 mon

85/1218 = 7 % 18 mon

Muscular
1 Dymvhy
! S Association
ALS DIVISION

Randomized phase 2 trial of NP0OO1—a

novel immune regulator: Safery and early
efficacy in ALS
[orEn] &

Rober G. Miller, MD  ABSTRACT
Gilbers Block, MD. PhD  Objecive: To assess the safety, tolersbility, and prefiminary efficacy of NPOOL, & novel irerune
Jonathan & Kare. MD pagrilator of inflamarstony: momocytesinacy cphages, for & owing prograsssan of smyotrophac Lat-
Fichard J. Barohn, MDD aral sclerosis (ALS).
Vidhya Gapal akrishnan.

P
Meric Cud karwice., MDD
Jane R_ Zhang, BS
Michacl 5. Matirarh,

Methods: Ths was aphase 2 wial of NPOOL i 136
paTents with ALS of <3 years” diration and fao=dvil& cagacily =7 0%. Paricgants recaied
NPOOL 2 rghkg, NPOOL L gk, or placebe for & months . Safety, tolerakbility, andinfarmmatony
Eomarkers were assessed tircughout the study. Preliminarny efficacy was evalisted using the
ALS Funetional Rating Scsle-Revised (ALSFRS-R) slope and changs frombaseline, with andwith-

EI_";'{’-:'{&_ aut matehed historseal placelbo controls, after 6 months of reatment. A post hoe analysis of the

rane ingran.. parcantage of patbents frespondaers”) whose ALSE RS- did not change from Baselme was slso
Sean 1L Appl, M cordusted

‘Ari Ackir, Rauls NPOOL was generslly safe and welk-tolerated, except for fusion site pain and

dlizziress. Ne significant slowing of dedine i the prmary or seconder y messures was observed

Hommer, showing of progresson was sbserved o the highdose o aup in patsmts with greater

oo g e lrremation (wide range Creactive proten). Mo esver, NPOOL may have dose dapendantly

e mide Falted symptom progression ina subset of patients. More than 2 times as many patients en
Figh-dose NPOOL (25%) dd not progress during 6 months of treatment compared with those
e placebo (1196 Meost “res porder s~ had an elvated biomarker of sflarmation. terieukin-1 8
and were positive for lipapolysacchande at baseine, which decreased after reatment with
NPOOL.

Conclmion: The amesting of progressenaf ALS symptems by NPOO1 n a subset of patents with
Frerked neurcinflarenation, as observed here, will repre sent s novel therapeutic spprosch for pa-
thexvts with ALS, if confirmed

=t ion of evidence: “lass | evidence that for patients
is safe and did not sqlflt_ﬂrw o progrension of the dizease (ciff eere
ALSFRS Rimeanth 0.12 favering NPOOL, p = 0.55). The study lacks the precision

@ wrgnetant effect of NPOOL Neural Neoraimmena! Neur sinflamm 201.8:2-a100; dot 10.1212]
X LOOOOODDDOO0G0100

6 month Non-Decline PP
4/35=11% pbo

8/42 =19 % NP0OO1 1mg
9/36

25 % NPO0O01 2mg
@

Carolinas HealthCare System

6 month Non-Decline PP
3/15=20.0% pbo 0-6 mon
10/29=34.5% Ibd 0-6 mon
6/12=50.0% pbo-lbd 6-12 mon
3*/23=21.7% pbo-Ibd 6-12 mon
19*/35=54.3% Ibd 0-12 mon

Taylor & Francis

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 2017; 18: 11-19
ot s Grouas

) Crocx tor upciates

RESEARCH ARTICLE

A post-hoc subgroup analysis of outcomes in the first phase III clinical
study of edaravone (MCI-186) in amyotrophic lateral sclerosis

THE EDARAVONE (MCI-186) ALS 16 STUDY GROUP*

Abstract

Our first phase 11T study failed to d efficacy of ed for phic lateral sclerosis (ALS) compared to
placebo. Here, we performed post-hoc subgroup analysis to identify a subgroup in which edaravone might be expected ta
show efficacy. W focussed on two newly defined subgroups, EESP and dpEESP2y. The EESP was defined as the efficacy-
expected subpopulation with % forced vital capacity of >80%, and >2 points for all item scores in the revised ALS
functional rating scale (ALSFRS-R) score before treatment. The dpEESP2y was defined as the greater-efficacy-expected
subpopulation within EESP having 4 diagnosis of “definite’ or ‘probable’ ALS according to the El Escorial revised Airlie
House diagnostic criteria and caset of disease within two years. The primary endpoint of the post-hoc analysis was the
change in the ALSFRS-R score during the 24-week treatment period. The of the least-squares mean
change in the ALSFRS-R score + standard error during treatment were 0.65 + 0.78 (p=0.4108) in the full analysis set,
220+1.03 (p=0.0360) in the EESP, and 3.01 + 1.33 (p=0.0270) in the dpEESP2y. Edaravone ambjmdefﬁmcvm the
pEESP2y subgroup. A further clinical study in patients meeting dpEESP2y criteria is warranted.

6 month Non-Decline PP
26 /104 =25.0% pbo
25/101 =24.7 % Edaravone

B s
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ALSFRS-R Total

0 3 6 9 12
Months post Randomization
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Adaptive Protocol

Per Protocol Analysis
Survival
OLE and Post OLE
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Months post Randomization
Number at risk

Group: Per-Protocol Completers

35 35 34 30 21 14 5 o
Group: non Per-Protocol Completers

16 14 10 9 2 0 o 0
Factor Mean SE 95% Cl forthe mean | Median 95% Cl for the median
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Covariate

P

Exp(b) 95% ClI of Exp(b)

Nullmodel-2 Log Likehood | 185569
Fullmodel-2 Log Liefhood | 171,518
Chi-squared 1,050
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MN-166 ( Ibudilast ) bi-modal therapy with riluzole in ALS
subjects is

- feasible, tolerable, and safe,

- Is associated with the proportion of subjects with no decline
In ALSAQ - riluzole-ibudilast responders

- Is associated with the proportion of subjects with little or no
decline in ALSFRS-R total - riluzole-ibudilast responders.

ALS subjects who successfully complete bi-modal therapy per
protocol with riluzole and ibudilast display improved
survival compared with non-per-protocol completers.

Improved survival in these patients is associated with having had
no progression in ALSFRS-R when on ibudilast and riluzole.

VORI ¢
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MN-166 ( Ibudilast ) bi-modal therapy with riluzole in ALS
subjects needs further evaluation to assess the potential effect of
Ibudilast treatment protocols on function and survival in ALS
patients and to explicitly exclude biased selection.

The novel statistical analysis employed in this phase 1b/2a
clinical trial should be considered as an algorithm to provide a
link between functional change with different treatments to later
Improved survival in ALS patients.

Change in function has been related to survival in cross-
sectional and longitudinal clinical studies. This report identifies
that ibudilast treatment with stabilization of function during an
earlier time epoch may possibly be linked to improved survival
during a subsequent off-treatment time epoch. To confirm this
observation will need further clinical trials with attention to the
correct comparator group.
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Clinical Trials Database Development / Support
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Benjamin Rix Brooks MD
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CMC - Department of Neurology

benjamin.brooks@carolinashealthcare.org
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