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Double - Blind ( DB ) with Open Label Extensions (OLE) [ NCT02238626 | for Amyotrophic Lateral Sclerosis (ALS ) Patients
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Objective Adaptive Design Protocol Safety Cohort Review

Describe implementation / safety-results of adaptive-
design / single-center Ibudilast phase-1b/2a clinical
trial | NCT02238626 ] in ALS patients [1] not requiring
non-invasive-ventilation [ no-NIV ] up-to-5-years from
disease onset and [2] requiring non-invasive - venti-
lation [ NIV ] up-to-10 years from disease-onset.

Background

Ibudilast has a known human safety profile and is
effective in two ALS gene-based Drosophila models
permitting assessment of its effectiveness targeting
multiple disease etiological pathways at different

| early-distal axonopathy / late-microglial activation ]
ALS stages [ Fischer, 2004; Frakes, 2014 |.

Ibudilast Effective in Drosophila models

MN-166 Ibudilast Preclinical Studies in ALS Transgenic Drosophila Models
Drosophila Life Cycle
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A fruitful endeavor: Modeling ALS in the fruit fly
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a century Drosophila melanogaster, commonly known as the fruit fly, has been
instrumental in genetics research and disease modeling. In more recent years, it has been

a powerful tool for modeling and studying neurodegenerative diseases, including the
devastating and fatal amyotrophic lateral sclerosis (ALS). The success of this model
organism in ALS research comes from the availability of tools to manipulate gene/protein
expression in a number of desired cell-types, and the subsequent recapitulation of cellular
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MN-166-ALS-1201 Adaptive Design Protocol

Single-Center (2:1) Randomized/ Delayed-Start /
Double-Blind / Placebo-Controlled / Six-Month /
Biomarker-monitored (creatinine) clinical trial
followed by an Open-Label Extension to evaluate the
feasibility / tolerability / safety of Ibudilast assessed
during standard-of-care-encounters at 3-month
Intervals with intervening telephony to assess
adverse events in 60 no NIV [EC ] and 60 NIV [ ANC ]
subjects employing novel statistical techniques.
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Inclusion Criteria Exclusion Criteria

ALS - Early Cohort ALS - Advanced NIV Cohort ALS - Early Cohort ALS - Advanced NIV Cohort
Use of tracheostomy, tracheostomy Use of tracheostomy, tracheostomy
invasive mechanical ventilation invasive mechanical ventilation [ TIMV ]
[ TIMV ] or non-invasive pressure

[ P-NIV ] - or volume [ V-NIV ] - cycled

ventilation

Diagnosis of ALS with onset of less
than 5 years from first clinical
weakness

Diagnosis of ALS with onset of less
than 10 years from first clinical
weakness

Slow vital capacity > 60 % predicted
(Knudsen 1983) within 1 month prior
to Treatment Day 1

Slow vital capacity > 20 % predicted
(Knudsen 1983) within 1 month prior to
Treatment Day 1

No rate of progression exclusion
Greater than 3% predicted loss in
post-diagnosis vital capacity per
month or a greater than 1 unit loss in
the post diagnosis ALSFRS-R total
slope per month (exclusive loss due
to beginning use of assistive devices)

Able to swallow study medication
capsules

Able to swallow study medication
capsules or have gastrostomy tube
access for delivery of contents of
Riluzole use medication capsules

Non-invasive pressure [ P-NIV ] - or
volume [ V-NIV ] - cycled ventilation
stable use for > 4 hours daily for 1
month prior to Treatment Day 1

Riluzole use
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NCT02238626 Clinical Trial Safety Review
Safety Cohort 2

NCT02238626 CONSORT Diagram

Safety Cohort 1

NCT02238626 CONSORT Diagram
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NCT02238626 Tolerabilty Cohort 1
Feasibility = 29/31 =93.5%

Tolerabilty =28 /31 =90.3 %

Safety [ 1 - SAE rate ] =96.8 %

Safety [1-1/31] =96.8 %

NCT02238626 Safety Review Cohort 1

Vital Signs as a Safety Measure
Treated Stage 1 Hypertension present in both active and placebo treatment subjects.

Adverse Events as a Safety Measure
No cluster of adverse events was differentially present in active treatment and placebo
treatment subjects. DVT as Serious Adverse Event occurred at randomization.

Concomitant Medications as a Safety Measure
No cluster of concomitant medications was differentially present in active treatment and
placebo treatment subjects.

Vital Capacity as a Safety Measure
Vital Capacity, measured as Slow Vital Capacity, was not significantly different at month 3
from baseline in active treatment and placebo treatment subjects.

Electrocardiogram as a Safety Measure

No clinically significant electrocardiogram abnormalities were noted in active treatment and
placebo treatment subjects. PR interval prolongation and QT shortening from baseline
through month 3 were not clinically significant and were noted similarly in active treatment
and placebo treatment subjects.

Clinical Laboratory Review as a Safety Measure

Mild clinical laboratory abnormalities - elevation in AST, ALT, GGT, alkaline phosphatase,
total bilirubin at baseline - improved or remained uchanged at month 3. None of these
subjects showed worsening abnormalities at month 3. These minor abnormalities were
distributed evenly among the active treatment and placebo treatment subjects. Creatinine
was mildly elevated at screening in one patient and returned to normal at month 3. No
statistically significant change in creatinine occurred differentially in active treatment and
placebo treatment subjects.
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NCT02238626 Safety Review Cohort 2

initial six months.

Vital Signs as a Safety Measure
Treated Stage 1 hypertension present in 17 / 32 and transient Stage 2 hypertension present in 5/ 32
active and placebo treatment subjects.

Adverse Events as a Safety Measure
No cluster of adverse events was differentially present in active treatment and placebo treatment
subjects.
DVT as Serious Adverse Event (SAE) occurred at randomization. Two falls with fractures requiring
hospitalization occurred at month 4 and month 5. Falls with fracture occurred at 0.016 / patient / month
consistent with other clinical trial SAE reports for this event. ALS disease progression leading to
hospice admission occurred at month 6 with death at month 7.

Concomitant Medications as a Safety Measure
No cluster of concomitant medications was differentially present in active treatment or placebo treatment
subjects.
Electrocardiogram as a Safety Measure
No clinically significant electrocardiogram abnormalities were differentially seen in active treatment and
placebo treatment subjects. QTc prolongation occurred transiently in 3 / 32 subjects and was not seen

differentially in active treatment and placebo treatment subjects. QTc prolongation has been reported in
ALS patients and increases with disease duration.

Clinical Laboratory Review as a Safety Measure

Mild clinical laboratory abnormalities - elevation in creatinine (3/32), AST(5/32), ALT (4/32), GGT
(2/32), alkaline phosphatase ( 1/32 ), total bilirubin( 1/32 ) - were transient and resolved during the

NCT02238626 Creatinine as Biomarker for Progression

El Escorial Criteria ALS Disease Burden Significantly Increases
in EC [ Early Cohort ]
during MN-166-ALS-1201 Double-Blind Epoch 0 - 6 Months
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El Escorial Criteria Disease Burden
=4
Clinically Probable =3

Clinically Definite

Probable Laboratory Supported --- = 2

Clinically Possible =1

Change in El Escorial Criteria ALS Disease Burden in EC
[ Early Cohort ] during MN-166-ALS-1201 Double-Blind Epoch
from Clinically Probable to Clinically Definite
is Significantly Proportionately Higher
in Creatinine Declining than Creatinine Not Declining Sub-Groups

El Escorial Criteria ALS Disease Burden is
Significantly Proportionately Higher in MN-166-ALS-1201
ANC [ Advanced NIV Cohort ] than EC [ Early Cohort ]

ANC [ Advanced NIV Cohort ]
EEC clinically definite =6 /11 -54.5%

EC [ Early Cohort ]
EEC clinically definite =4/31-12.9 %

P =0.005
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Clinical Endpoint Exploratory Analysis

Clinical Endpoint Exploratory Analysis was performed by an independent statistical
consult on 25 subjects with complete spirometry data who completed the double-
blind 6 month clinical trial on MN-166 (lbudilast) plus Riluzole [ N=20 ] or Placebo
plus Riluzole only [ N=5]. ALSFRS-R total, bulbar subscore, arm subscore, leg
subscore and respiratory subscore were analyzed in addition to SVC.

ALSFRS-R Total after 6 month treatment by MN-166 ALSFRS-R subscores after 6 month treatment by MN-166

Total ALSFRS-R

40 Bulbar Arm Leg Respiratory
-
39
38 \
37 \
36
35
34 \ © :x.
33
32 ®
Baseline 6 months _ -
—MN-166 + Riluzole (N=20) —Riluzole only (N=5) Baseline 6 months Baseline 6 months Baseline 6 months Baseline 6 months
——NN-166 + Riluzole (N=20)
——Riluzole only (N=5)
SVC after 6 month treatment by MN-166
90 Clinical Endpoint MN-166 — Placebo | N Patients per Arm
Difference 6 month Clinical Trial
58 Power = 0.8 2P=0.05
40 ALSFRS-R Total 1.25 321
84
ALSFRS-R Bulbar 0.90 102
82
o ALSFRS-R Arm 0.90 84
78 ALSFRS-R Leg 0.30 665
76
ALSFRS-R Respiratory 0.25 567
74
Baseline 6 months SVC 178 375

—NMN-166 + Riluzole (N=20) —Riluzole only (N=5)

Clinical Endpoint Exploratory Analysis analyzed differences between MN-166 and
placebo patients in clinimetric measurements. Directionality of treatment effect and
sample size estimates for a 6 month clinical trial based on each Clinical Endpoint
were analyzed at hitp://hedwig.mgh.harvard.edu/sample size/size.htmi

Clinical Endpoint Exploratory analysis pointed to Bulbar and Arm Clinical Endpoints
that might help forging strategies for focusing this adaptive clinical trial as we move
forward.

Conclusions

Ibudilast administration is feasible / tolerable / safe when
administered over 3 months and 6 months to no-NIV ALS
| EC ] subjects.

Ibudilast administration showed positive trends for effect size
estimates at 6 months in Bulbar and Arm clinical domains that
will help define clinical endpoints for potential phase 3 clinical
trials as well as pathways for adaptive change of this clinical

trial moving forward.

El Escorial Criteria disease burden increases significantly In

EC Cohort — Creatinine Declining .
EEC clin prob ->clindef=6/13-46.1% .

EC Cohort - Creatinine Not Declining | [
EEC clin prob ->clindef=2/18-11.1% ’

P =0.028

Chi-square Calculator

ALS patients over 6 months and occurs significantly more In

ALS patients showing decreased serum creatinine.

Success! The contingency table below provides the following information: the observed cell totals, Creat Dwn
(the expected cell totals) and [the chi-square statistic for each cell].

The Chi-square statistic, P value and statement of significance appear beneath the table. Blue
means you're dealing with dependent variables; red, independent.

6 (3.35) [2.09] 7 (9.65) [0.73]

n not 2 (4.65) [1.51] 16 (13.35) [0.52] 18

Advanced NIV [ ANC ] ALS subjects have a higher proportion of

El Escorial clinically definite disease and, as an enriched

cohort, are safely participating in this clinical trial.

1Al
——

Treatment N VC % Predicted | VC % Predicted / month
+SD +SD
by 122 85+ 20 -46+ 29
e s 88 83+ 18 -35+ 53
e 87 + 24 59+ 48
ot sobort| 52 85 + 13 83+ 50
< 8404 86 + 24 -22+ 6.9
RHSDare Sonott 34 95+ 19 -3.1+ 3.7
i1 139 93 + 16 -24+ 4.1
5 85 To+ 2 -3.1+ 18.3
e 63 93+ 16 -26+214
Bgf*;i:‘;‘r‘ifogz",j}(,‘ 31 89 + 22 -2.8+13.2
Or?:l'::c':;t;eN(l:\'l‘if 2?1?73 55 77+18 -1.2+20.5
Charlotte g:fjt;bgz‘,'f,} 33 88 + 15 -1.3% 7.7
Before Trilogy NIV

UNC

SCHOOL OF MEDICINE
CHARILOTTE CAMPUS

Supported By

Medicinova and Carolinas ALS Research Fund Carolinas HealthCare Foundation



http://hedwig.mgh.harvard.edu/sample_size/size.html

