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Ibudilast Pharmacology - Target Engagement

NCT02238626 

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

Conclusions

Un-Blinded Clinical Endpoint Exploratory Analysis - 0-6 and 6-12 months

Survival Per Protocol Completion - due to ALSFRS-R responders

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

Ibudilast  - Glial Pathology  MS, ALS, Glioblastoma Treatment Development
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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 μM ( 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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IC50

PDE4A - 0.05 μM

PDE4B - 0.06 μM 

PDE4C - 0.24 μM

PDE4D - 0.17 μM

Ibudilast

Biochemistry

Ibudilast

Pharmacology

Chronic daily oral administration of Ibudilast at 

30mg twice-daily in humans can achieve peak [ 

0.25 μM ] and trough [ 0.15 μM ] serum levels ( 

Yoon, 2009 ).   Brain and spinal cord levels of 

Ibudilast are higher ( Sanftner, 2009 ). 

Ibudilast Pharmacology - Target Engagement



NCT02238626 Protocol Outcome Measures

Adaptive Protocol

DB OLE Post OLE

2 Week Safety

Adaptive Protocol

- Riluzole inclusion criteria

- Advanced ALS on NIV

Adaptive Protocol

- Survival Follow-up



NCT02238626 Protocol Milestones

AAN 2015 AAN 2016MND  2015 MND 2016 MND 2017



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 

NCT02238626



EC Baseline characteristics 
Placebo 
(N=17)

Ibudilast
(N=34) 

Age 57.5 59.2

Female 5 (29.4%) 11 (32.4%)

Ethnicity 
•Caucasian
•African American
•Asian
•Unknown

15 (88.2%)
2 (11.8%)

0%
0%

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

Baseline ALSFRS-R 39.0 39.3

Baseline SVC 97.2 92.0

Baseline MIP/NIF -98.1 -86.0

Baseline MMT (Right) 4.08 4.16

Baseline MMT (Left) 3.97 4.15

Baseline ALSAQ-5 6.4 6.4
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CONSORT
Diagram

DB - OLE -12 months
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Month 6 completer

on study drug  
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on study drug  
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Early Terminate 3 Early Terminate 6 
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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

• NIV GT     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 )

NCT02238626 
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Primary Endpoints

Tolerability / Safety

DB - OLE -12 months



Primary Endpoints : Tolerability

# of Subjects

Placebo
( N = 17 )

Ibudilast
( N = 34 ) 

Early Study Termination 

•Due to AEs
•Any Reason 

2 

1 
1

2

1
1

Early Drug Termination 

•Due to AEs
•Any Reason

0

0
0

3

2 
1

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

NCT02238626 



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
N=17

Ibudilast
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)

NCT02238626 

System Organ Code # of Events 

Placebo  (n=3) Ibudilast (n=4)

Gastrointestinal  system 1 2

Nervous system disorder 3 0

Metabolism and Nutrition 0 4

Investigation 1 1

Injury 0 1



Primary Endpoints : Safety
EC Safety Analysis ITT Population 
Treatment Emergent AEs (TEAEs) # of subjects

NCT02238626 

# of Subjects 

Placebo
N = 17

Ibudilast
N = 34

At Least one TEAEs n =  17 n =  34

Severe or Life threatening TEAEs n =    2 n =    4

Serious Adverse Events n =    1 n =    5

Treatment Related Adverse Events n =  10 n =  13

Entire Study ( 0-12 months ) 



Subject Reference # SAEs Treatment related ?

022 DVT No

027 Leg fracture No

028 Dysphagia 
Bowel obstruction

No

029 Ankle fracture No

049 Ureteral stone No

052 Pneumonia No

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

Clinical Endpoint 

Responsiveness

DB - OLE -12 months
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Secondary Endpoints

Manual Muscle Testing MMT
Responder =

0 unit loss or gain per 6 months change

Non-Responder =

> 1 unit loss per 6 months change

DB - OLE -12 months



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 
6-12 mon 
treatment

( N = 17 ) 

Ibudilast
treatment combined

( N = 51 ) 
Placebo

( N = 17 )

Ibudilast

( N = 34 ) 

4 / 17
( 23.5 % )

11 / 34
( 32.4 % ) 

6 / 17
( 35.3 % )

17 / 51
( 33.3 % )
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Secondary Endpoints

ALSAQ-5
Responder =

0 unit loss or gain per 6 months change

Non-Responder =

> 1 unit loss per 6 months change

DB - OLE -12 months



ALSAQ-5 score
EC ITT population  
% of subjects stable or improved (same or lower score) 
on 6 month treatment 

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

( N = 17 ) 

Ibudilast
treatment combined

( N = 51 ) Placebo

( N = 17 )

Ibudilast

( N = 34 ) 

4 / 17
( 23.5 % ) 

17 / 34
( 50.0 % ) 

5 / 17
( 29.4% )

22 / 51
( 43.1 % ) 
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Secondary Endpoints

ALSFRS-R total
Responder =

< 1 unit loss per 6 months change

Non-Responder =

> 1 unit loss per 6 months change

DB - OLE -12 months



ALSFRS-R Score 
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 Overall 

Placebo

( N = 17 ) 

Ibudilast

( N = 34 ) 

Ibudilast 
0-6 mon 

treatment 

( N = 17 ) 

Ibudilast
6-12 mon 

treatment

( N = 34 ) 

Ibudilast
0-12 mon 
treatment 
combined 

( N = 51 ) 

3 / 17
( 17.6 % )

10 / 34
( 29.4 % )

6 / 17 
( 35.3 % ) 

3 * / 34
( 8.8 % )

19 * / 51
( 37.3 % ) 

NCT02238626 

* Removed 2 overwrapped subjects



ALSFRS-R Score 
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 Overall 

Placebo

( N = 15 ) 

Ibudilast

( N = 29 ) 

Ibudilast 
0-6 mon 

treatment 

( N = 12 ) 

Ibudilast
6-12 mon 

treatment

( N = 23 ) 

Ibudilast
0-12 mon 
treatment 
combined 

( N = 35 ) 

3 / 15
(  20.0 % )

10 / 29
( 34.5 % )

6 / 12 
( 50.0 % ) 

3 * / 23
( 13.0 % )

19 * / 35
( 54.3  % ) 

NCT02238626 

* Removed 2 overwrapped subjects



6 month Non-Decline PP

4 / 35 = 11 % pbo

8 / 42 = 19 % NP001 1mg

9 / 36 = 25 % NP001 2mg

Placebo Non-Decline PP

782 / 3132 = 25 %   6 mon

337 / 2105 = 16 % 12 mon

85 / 1218 =   7 % 18 mon

0-6 or 6-12 month Non-Decline ITT

3 / 17 = 17.6 %  pbo  0-6 mon

10 / 34 = 29.4 %  Ibd   0-6 mon

6 / 17 = 35.3 %  pbo-Ibd 6-12 mon

3 * / 34  =   8.8 %  pbo-Ibd 6-12 mon

19 * / 51 = 37.3 %  Ibd 0-12 mon 

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-Ibd 6-12 mon

3 * / 23 = 21.7 %  pbo-Ibd 6-12 mon

19 * / 35 = 54.3 % Ibd 0-12 mon

6 month Non-Decline PP

26 / 104 = 25.0 %  pbo

25 / 101 = 24.7 %  Edaravone

NCT02238626 

ALSFRS-R Responder Analysis - Comparison 



Distribution of ALSFRS-R score
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Adaptive Protocol

Per Protocol Analysis

Survival

OLE and Post OLE
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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.

NCT02238626 Clinical Trial    



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.

NCT02238626 Clinical Trial    
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