A Phase Il Trial of Ibudilast in Progressive Multiple Sclerosis
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Progressive Multiple Sclerosis

About half of people living with multiple sclerosis have progressive MS |y P —
(primary and Secondary progreSSive) o rj’ 8.0-8.5 = Confined to bed/chair; self-care with help

* Manifests as gradual decline in neurologic function
* Primary and secondary progressive MS are increasingly recognized

as having more similarities than differences R cosevmmmess
There are limited therapies with demonstrated efficacy in progressive MS s susmons
|deally, a new therapy can be added to other MS therapies pARTSER—

0 = Normal neurologic exam
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Progressive Multiple Sclerosis

About half of people living with multiple sclerosis have progressive MS
(primary and secondary progressive)

* Manifests as gradual decline in neurologic function

* Primary and secondary progressive MS are increasingly recognized
as having more similarities than differences

There are limited therapies with demonstrated efficacy in progressive MS

10.0 = Death due to MS
(J
M 9.0-9.5 = Completely dependent
o

8.0-8.5 = Confined to bed/chair; self-care with help

( ,\ 7.0-7.5 = Confined to wheelchair
°
? 6.0-6.5 = Walking assistance is needed

L T S
R sossoomimese

3.0-3.5 = Disability is mild to moderate

2.0-2.5 = Disability is minimal

|deally, a new therapy can be added to other MS therapies j\FRRER—

0 = Normal neurologic exam

Biomarkers for Phase Il proof-of-concept clinical trials have only partial
validation

* Whole brain atrophy is more widely used outcome
* Is limited to a single value per brain — lacks granularity
* Better phase 2 trial outcome markers could make trials more efficient

|deally, a Phase 2 trial in progressive MS will compare biomarkers

Nakamura et aI in preparation

*
SPRINT-MS



Ibudilast (MN-166, AV411)

Orally-available small molecule
* Phosphodiesterase PDE-4 and PDE-10 inhibitor
* Macrophage migration inhibitor factor inhibitor
* Toll-like receptor 4 inhibitor

* Approved in Japan in 1989

* Bronchial asthma

* Post-stroke dizziness

* Slowed progression of atrophy and reduces black hole formation ..
in relapsing MS, although mechanism of action in MS is
unknown

* Animal models suggest neuroprotection:
* Krabbe's disease
* Spinal cord injury
* Traumatic brain injury
* Chronic neuropathic pain
* Cerebral aneurysm
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LS means (% decrease in brain volume)
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L4 PBO to 30mg
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p=0.013

n=2§
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All patients

RRMS only

Barkhof et al, Neurol 2010
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NN102 / SPRINT-MS Trial Overview

Year 1 Year 2
Ra"d‘:’f‘,:““" | Ibudilast 100 mg per day

N=250 I Placel |
EDSS/MSFC v v v v v
PROMs v v v v v
Bloodtests v v v v v v v v v v ¥
OCT v v v v v
LP (optional) v v v
Study week 0 4 8 12 24 36 48 60 72 84 96 100

96-week, 28-site, phase Il trial utilizing NIH-sponsored
NeuroNEXT network
Inclusion:

* Age 18-65 years

* Primary or secondary progressive MS

* Typical MS lesions on brain MRI

* Expanded Disability Status Scale 3.0-6.5

* Disability progression in the preceding 2 years (EDSS, 25FW, 9HPT)

* Concurrent treatment with IFN or GA allowed
Imaging

« 3T MRIs — GE, Siemens

* Spectral domain optical coherence tomography
1:1 Randomization to ibudilast or matching placebo

e Stratified by disease (PPMS/SPMS) and DMT (untreated or IFN/GA)
Modified intent-to-treat analysis

* Randomized, received study medication, 21 MRI efficacy assessment
Analysis

* Linear mixed effect model (imaging outcomes)

* Logistic regression model or Fisher’'s Exact test (safety and

tolerability) ‘)
* Alpha: 0.1
P Fox et al, Contemporary Clin Trials, 2016 SPRINFMS



Study Endpoints

B_rairL@tterts

o, Diffusion teasor imaging,

* Primary:
* Whole brain atrophy — Brain Parenchymal Fraction
(BPF)
e Safety — Adverse events, Serious adverse events
* Tolerability — early discontinuation

) . AN G_A". & \
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* Secondary | C _
* Diffusion Tensor Imaging in pyramidal tracts IS : _f " f .‘
* Magnetization Transfer Ratio in normal-appearing ot b __
brain tissue NG < I Y :
7

* Retinal Nerve Fiber Layer Thickness - Optical
Coherence Tomography

* Cortical atrophy - Cortical Longitudinal Atrophy
Detection Algorithm

Fox et al, Contemporary Clin Trials, 2016 SPI?INFMS



Baseline characteristics

" Chaacteristic | Placebo (n = 120) budiast (n = 125

Multiple Sclerosis Demographics

Imaging

Age (yrs), mean (SD)
Females, n (%)
Race
Caucasian, n (%)

Black / African American, n (%)

Other, n (%)

Unknown/Not Reported, n (%)
Hispanic/Latino, n (%)

Primary Progressive, n (%)

Use of Injection MS Therapy, n (%)
Glatiramer Acetate, n (%)
Interferon-beta, n (%)

Disease Duration (yrs), median (min, max)

Expanded Disability Status Scale, median (min, max)

Brain parenchymal fraction (unitless), mean (SD)

T2 Lesion volume (cm3), mean (SD)

Magnetization transfer ratio in normal-appearing brain
tissue (normalized units), mean (SD)

Cortical thickness (mm), mean (SD)

Longitudinal diffusivity (10-* mm?/sec), mean (SD)
Transverse diffusivity (103 mm?/sec), mean (SD)
Retinal nerve fiber layer thickness (um), mean (SD)

57 (6.5)
69 (55%)

114 (91%)
7 (6%)
1 (1%)
4 (3%)
3 (2%)

66 (52%)

40 (32%)

24 (19%)

16 (13%)
9 (0,36)

6.0 (3.0, 7.0)

0.80 (0.0295)
10 (11.2)
0.31 (0.31)

3.03 (0.22)
1.24 (0.05)

0.56 (0.04)
81.15 (13.15)

55 (7.8)
67 (52%)

122 (95%)
4 (3%)
3 (2%)
0 (0%)
4 (3%)

68 (53%)

40 (31%)

19 (15%)

21 (16%)

11 (0, 41)

6.0 (2.5, 6.5)

0.80 (0.0298)
10 (11.1)
0.29 (0.25)

3.04 (0.23)
1.25 (0.06)

0.55 (0.04)
83.15 (10.81)

0.02
0.65

0.79

1.00
0.96
0.90

0.64
0.68
0.75
0.99
0.58

0.72
0.15

0.04
0.19
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Participant Disposition

331
screened
76
excluded
255
randomized

12 Early terminations

- 8chose to discontinue

- 2Pl chose to discontinue
- 2Llost to follow-up

9 Discontinued ibudilast

/

129
assigned to ibudilast

e

126
assigned to placebo

.

9 Early terminations

- 7 chose todiscontinue

- 0PI chose to discontinue
- 2Llost to follow-up

18 Discontinued ibudilast

117 completed week 24
assessments
(N =108 on ibudilast)

121 completed week 24
assessments
(N =119 on placebo)

5 Early terminations

- 5chose todiscontinue

- 0PI chose to discontinue
- 0 Lost to follow-up

2 Discontinued placebo

108 completed study
(N =90 on ibudilast)

112 completed study
(N =94 on placebo)

9 Early terminations

- 5chose todiscontinue

- 1PIchose to discontinue
- 3 Lost to follow-up

25 Discontinued placebo

86% overall retention rate through Week 96
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Primary Outcome: Brain Atrophy
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Annualized model adjusted difference in slopes = 0.0890

90% CI (0.0178, 0.1602)
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| Treatment group

Placebo group ]

Compared to placebo, ibudilast treatment was associated with a 48% slowing in rate of

atrophy progression

« There was no evidence for outliers driving the overall result
« A modified per-protocol sensitivity analysis was consistent with findings from the primary

analysis (p=0.02)

« Similarly, analysis to adjust for baseline age was consistent (p = 0.03)
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Primary Outcome: Safety and Tolerability

Adverse events more frequent in one group (p<0.10) or reported in more than =210%

Overall Placebo Ibudilast P value
(N = 255) (N = 126) (N =129)

All Adverse Events 230 (90%) 111 (88%) 119 (92%)
Gastrointestinal

Abdominal pain 6 (2%) 0 (0%) 6 (5%)* 0.03

Abdominal pain upper 5 (2%) 0 (0%) 5 (4%)* 0.06

Diarrhea 30 (12%) 9 (7%) 21 (16%)* 0.03

Nausea 54 (21%) 19 (15%) 35 (27%)* 0.02

Vomiting 12 (5%) 3 (2%) 9 (7%)* 0.10
General

Fatigue 25 (10%) 11 (9%) 14 (11%) 0.57
Infections

Skin infection 8 (3%) 7 (6%)* 1 (1%) 0.06

Upper respiratory tract infection 37 (15%) 24 (19%)* 13 (10%) 0.05

Urinary tract infection 76 (30%) 41 (33%) 35 (27%) 0.34
Injury, Poisoning, and Procedural Comp.

Fall 49 (19%) 20 (16%) 29 (23%) 0.18
Musculoskeletal

Back pain 25 (10%) 15 (12%) 10 (8%) 0.27

Neck pain 4 (2%) 4 (3%)* 0 (0%) 0.06

Pain in extremity 18 (7%) 13 (10%)* 5 (4%) 0.05
Nervous System

Headache 38 (15%) 15 (12%) 23 (18%) t 0.19
Psychiatric

Depression 16 (6%) 4 (3%) 12 (9%)* 0.05

Insomnia 25 (10%) 11 (9%) 14 (11%) 0.57

T A higher rate of headaches was observed in ibudilast group (p=0.09)

*
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Primary Outcome: Safety and Tolerability

Adverse events more frequent in one group (p<0.10) or reported in more than =210%

Overall Placebo Ibudilast P value
(N = 255) (N = 126) (N =129)

All Adverse Events 230 (90%) 111 (88%) 119 (92%) 0.2
Sl e o e — —
Gastrointestinal
Abdominal pain 6 (2%) 0 (0%) 6 (5%)*
Abdominal pain upper 5 (2%) 0 (0%) 5 (4%)*
Diarrhea 30 (12%) 9 (7%) 21 (16%)*
Nausea 54 (21%) 19 (15%) 35 (27%)*
Vomiting 12 (5%) 3 (2%) 9 (7%)*
Nervous System
Headache 38 (15%) 15 (12%) 23 (18%) T
Psychiatric
Depression 16 (6%) 4 (3%) 12 (9%)*
Insomnia 25 (10%) 11 (9%) 14 (11%) 0.57

T A higher rate of headaches was observed in ibudilast group (p=0.09)

0.03
0.06
0.03
0.02
0.10

0.19

0.05
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Primary Outcome: Safety and Tolerability

Adverse events more frequent in one group (p<0.10) or reported in more than =210%
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Diarrhea 30 (12%) 9 (7%) 21 (16%)* 0.03
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Vomiting 12 (5%) 3 (2%) 9 (7%)* 0.10
General
Infections
Skin infection 8 (3%) 7 (6%)* 1 (1%) 0.06
Upper resp. tract infection 37 (15%) 24 (19%)* 13 (10%) 0.05

Musculoskeletal

Neck pain 4 (2%) 4 (3%)* 0 (0%) 0.06
Pain in extremity 18 (7%) 13 (10%)* 5 (4%) 0.05
Depression 16 (6%) 4 (3%) 12 (9%)* 0.05
Insomnia 25 (10%) 11 (9%) 14 (11%) 0.57

T A higher rate of headaches was observed in ibudilast group (p=0.09)
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Primary Outcome: Safety and Tolerability

Adverse events more frequent in one group (p<0.10) or reported in more than 210% [ | overal | Placebo [  ibudilast | Pvalue]

Overall Placebo Ibudilast . 24 (19%) Subjects
(N = 255) (N = 126) (N=129) [P value All Serious 44 (17%) Atrial Fibrillation

All Adverse Events 230 (90%) 111 (88%) 119 (92%) ég;’ﬁg’e L 2elln
Gastrointestinal IEEET PIoEpSE
Abdominal pain 6 (2%) 0 (0%) 6 (5%)* 0.03 Bladder Tra'nsmonal Cell
Abdominal pain upper 5 (2%) 0 (0%) 5 (4%)* 0.06 Carcinoma
Diarrhea 30 (12%) 9 (7%) 21 (16%)* 0.03 Breast Cancer
Nausea 54 (21%) 19 (15%) 35 (27%)* 0.02 Cerebrovascular Accident
Vomiting 12 (5%) 3 (2%) 9 (7%)* 0.10 Cervical Spinal Stenosis
General Choleothiasis
Fatigue 25 (10%) 11 (9%) 14 (11%) 0.57 Colonic Obstruction
Infections Convulsion
Skin infection 8 (3%) 7 (6%)* 1 (1%) 0.06 Cystitis
Upper respiratory tract infection 37 (15%) 24 (19%)* 13 (10%) 0.05 .
Urinary tract infection 76 (30%) 41 (33%) 35 (27%) 0.34 Endometrial Cancer
Injury, Poisoning, and Procedural Comp. Forearm Fracture
Fall 49 (19%) 20 (16%) 29 (23%) 0.18 Gastroenteritis
Musculoskeletal Hyponatremia
Back pain 25 (10%) 15 (12%) 10 (8%) 0.27 Injury
Neck pain 4 (2%) 4 (3%)* 0 (0%) 0.06 Intestinal Obstruction
Pain in extremity 18 (7%) 13 (10%)* 5 (4%) 0.05 Kidney Infection
Nervous System Muscular Weakness
Headache 38 (15%) 15 (12%) 23 (18%) T Parotidectomy
Psychiatric Pneumonia Aspiration
Pyrexia
ili Sepsis (2)
TO I erab : I Ity Skin Infection (2)
Early Termination Due to Thrombocytopenia
J 35 (14%) 14 (11%) 21 (16%) 0.24 Tooth Infection

Any Reason
Early Termination Due to 15 (6%) 5 (4%) 10 (8%) 0.21
Adverse Event

Urinary Tract Infection (2)

20 (16%) Subjects
Asthenia 0.46
Ataxia
Back Pain

Cerebral Hemorrhage

Cervical Carcinoma Stage 0
Clostridium Difficile Colitis

Dehydration (2)
Febrile Neutropenia
Fracture
Hypercalcemia
Hyperkalemia
Metastatic Malignant
Melanoma
Multiple Fractures
Myocardial Infarction
Nephrolithiasis (2)
Pain
Pain in extremity
Rotator Cuff Syndrome
Sepsis (2)

Sinus Tachycardia
Spondylitic Myopathy
Transient Acantholytic
Dermotosis
Urinary Tract Infection (2)
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Key Secondary Outcomes

Change in transverse diffusivity in Change in magnetization transfer ratio in
pyramidal tract normal-appearing brain tissue Change in cortical thickness
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W™ 0,550+, : 90% CI (-0.00622, 0.000387) £ 2’ -0.08- 90% CI (0.003960, 0.04216) 2.984, : 90% CI (0.003760, 0.01346)
Baseline Week 24 Week 48 Week 72 Week 96 ﬂ Week 24 Week 48 Week 72 Week 96 Baseline Week 24 Week 48 Week 72 Week 96
Change in longitudinal diffusivity in _ _ _ _ Ibudilast was associated with:
pyramidal tract Change in retinal nerve fiber layer thickness - No effect on progression of diffusion
4 [} . . .
T _ [ [— Ibudiast group p=0.73 it [— Ibudilast group p =022 +  81% slowing in progression of MTR
0 | eee—e—— lacebo group [} [ — i i
B 8 o] Z 345 e «  No effect on progression of retinal nerve
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Secondary Outcome - Disability

Sustained progression on Expanded Disability Status Scale

1.0 ,111 p=0.29
:‘? 0.8 : t b ; . . - .
= ‘ . TR » Progression of disability changed in
. o a favorable direction with ibudilast
E ' but was not statistically significant
S 04 - -
% * This phase 2 trial was not powered
3, to detect benefit on clinical disability
»n 0.
HR 0.74 (90% confidence interval 0.47 — 1.17)
0.0
Baseline Week 24 Week 48 Week 72 Week 96
Weeks
Placebo 123 118 99 82 60
Ibudilast 121 114 103 91 64
Treatment group Confidence Limits
Placebo group 90% confidence limit Placebo group
Ibudilast group 90% confidence limit Ibudilast group ‘)
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Overall Conclusions

* lbudilast treatment led to a 48% slowing in the progression of whole brain
atrophy in progressive MS

«  Benefit was also seen with magnetization transfer ratio (81% reduction) and cortical atrophy
(80% reduction), but not with diffusion tensor imaging or retinal nerve fiber layer thickness

 The clinical relevance of these imaging effects is unknown
« Adverse events with ibudilast were gastrointestinal, depression, and headache

* No increased rate of serious adverse events

* No statistically significant difference in tolerability
«  ~5% higher discontinuation rate in ibudilast group

« These results suggest activity of ibudilast in progressive MS and warrants
further study in a phase 3 trial

« This study demonstrates the utility of advanced imaging methods in clinical
trials to measure brain tissue integrity

*
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