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Interaction (nonuniformity) of ALS progression and the efficacy of MN-166 (Ibudilast)
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Introduction Result (gontinued)

Given the highly variable rate and form of disease progression among ALS patients (Watanabe et al
20162\, the large dispersion of ALSFRS-R scores reported in clinical studies may contribute to the failure -+ summary of Fit

to achieve statistical significance in disease progression evaluation. e 0.221774 “Bulbar onset” and “ALS history” (i.e. days from
Root Mean Square Error 4.377896 . . .
MN-166 (ibudilast), a small molecule that inhibits selective phosphodiesterase subtypes (PDEs) and gg:grs;i?fﬁsgum Wats) e S SIS symptom) yvere |<.:Ier?t-|f|ed as the
macrophage migration inhibitory factor (MIF), is in clinical development for the treatment of ALS. v Sialyslaof Verance factors that were statistically significant ( p< 0.05).
Source DF Sq:r:r:s Mean Square F Ratio
Model 4 223.9343 55.9836 2.9210
Obiective EE A 41 7eosois  1o.dcco HEKCHE Bulbar onset was considered as a “statistically
l v BerametenEstimatest ——_ b = important factor” and “ALSFRS-R score
We performed Stepwise regression analysis to identify the factors that have an impact on the intercept 0453163 3850531 012 09069 roeression”. was milder in the Bulbar onset erou
treatment effect O]P MN-166 as assessed by the ALS score. UMN BulberiNal | 0.6401805 0718549 118 0.2441 P dg ined b . vsi sroup
We hypothesized that ALS disease history (time from first ALS symptom onset to trial enrollment) et i L as determinead by regression tree analysis.
might have substantial effect on responsiveness to drugs. > Effect Tests
VI P'ed“’t“:“ mrelien | | However, since there are only 9 patients in Bulbar
BaCKgI'ound T - T 8 S B O S A S onset group, a fair comparison between the active
. . . . . . . S-issea G | and placebo groups was difficult. We then focused
In the single-center, double-blind, placebo-controlled, clinical trial evaluating MN-166 in ALS patients 204 L TrrTrros E ALS h.g i her i ¢ H
(MN-166-ALS-1201), a total of 51 subjects (34 in the active group, 17 in the placebo group) without S 3o e on the Istory, another Important ractor that
NIV support were enrolled. There was a greater number of treatment responders (stabilized or Steof No e o e potentially affects treatment effect.
improved ALSFRS-R score from baseline to end of 6 months treatment) in the MN-166 group than in , e e S s
the placebo group although this finding did not reach statistical significance.
These results led us to investigate which background factors of patients’ characteristics reasonably
predict both ALS disease progression and treatment efficacy. 3 ALS History & Baseline ALSFRS-R score Functionality

MN-166-ALS-1201 trial Design

A significant negative correlation (-0.72, p<0.01) was
observed between ALS history and baseline ALSFRS-R
scores in patients with ALS onset <600 days prior to
enrollment (i.e. short ALS history). Patients with ALS
Dx of Familial or sporadic ALS onset >600 days prior to enrollment (i.e. long ALS
ALS with onset of < 5yrs history) had greater variability in baseline ALSFRS-R
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Randomization occurred in a 2:1 ratio (MN-166: placebo).
MN-166 (30 mg BID) or matching placebo were administered as an adjunct to riluzole (50 mg BID) . . . .
Subjects received MN-166 for an additional 6 months in the open-label phase ALS HlStory, Dlsease Progre55|0n & MN'166 Efflcacy
Treatment P
Baseline Characteristics 10 VIN-AEE Placebe - e " .
A significant positive correlation (0.63, p<0.05) was
Baseline Characteristics Placebo MN-166 5 Observec! bejcween ALS h'Story and A_LS disease
(N=17) (N=34) . . progression in the placebo group. Without MN-166
57.5 years 59.2 years ol * . . treatment, greater disease progression was observed in
Gender Overall, baseline characteristics between ORI short ALS history patients (Figure 2 Right ).
anna‘:e 152((279042;/;) ﬁ Englzf; the I\/II\|I|—16.6 VT placebo groups were S — e On the other hand, no correlation (point estimate=0.06,
70 70 AEluElElly slhulel 0o oo ) p=0.73) was observed between ALS history and ALS
Family History of ALS 2 (11.8%) 2 (5.9%) However, mean months since first symptom 10 g A disease progression in the MN-166 group (Figure 2 Left).
L]
. f(YeS)f' - i onset was shorter for the MN-166 vs ° .
Months from first onset 28.8 months 17.9 months placebo treatment groups, 17.9 vs 28.8 -15 x axis: ALS history at enrollment
Site of disease onset 16 (94.1 %) 25 (73.5%) y axis: ALSFRS-R progression from baseline to Month 6
(Limb] months. 5
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Methods

Regression Tree Analysis and Multiple Regression Analysis were used to evaluate the potential

Oneway Analysis of diff. 6-0 By Treatment

. — 1
factors that affect treatment effects. Evaluated factors were gender, age, race, site of onset (upper ° .
limb, lower limb, bulbar onset) UMN/LMN symptom involvement, and ALS history at trial . s
. 5 -5 !
enrollment (latency between trial enroliment and first ALS symptom). - Wilcoxon Rank-sum Test
. _ . 5 10 n The p-value was 0.254 with Exact test when limited
Correlational Analysis was conducted to analyze the correlation between : to patients with ALS history < 570 days
(1) ALS history and baseline ALSFRS-R score 15 -
(2) ALS history and disease progression, measured as change in ALSFRS-R score from baseline to Although it was not statistically significant, the p-
— V4
-20 . c
end of 6 month treatment MN-166 Placsbo value improved when focused on the subgroup with
Results _ reamen short ALS history. Taken together with the analysis
o Wilcoxon / Kruskal-Wallis Tests (Rank Sums) , _ .
artition for dif. 6- Expected results reported herein, patients with short ALS
. <. - - , ) ) Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 hiStor ml ht benefit more from MN_166 treatment
. - et Lt punaces - - : Regressmn Tree Analy5|s MN-166 19 254.000  237.500 13.3684 1.143 y 8
s | ° . . - . . . Placeb 5 46.000 62.500 9.2000 -1.143 I i
e Regression Tree Analysis analyzes the impact on s than those with long ALS history.
. _ 2-Sample: Exact Test
| o e U B TN BT treatment effect by the combination of factors. S ProbsS Probz|S-Mean|
e Bulbarg) o Site T Onest - | 46 0.1273 0.2540
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ot It was suggested that site of onset (bulbar onset Yes Excluded Rows 25
e or No) and ALS history (cut off days is 618 days on
i - iiie— T s symptom) are the substantial factors that have an
e | impact on treatment effect. Conclusions
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Tl Pl e e Red dot=placebo group Blue dot =MN-166 group * A significant negative correlation between higher baseline ALSFRS-R scores at enrollment and ALS
e history (time from first symptom to trial enroliment) was observed in short ALS history patients, but
e T not in long ALS history patients.
=  RemoveAl  RunModel * Asignificant correlation between ALS progression and ALS history was observed in the placebo group.
Direction: Mixed T . . . . o
: : . . : However, it was found that this correlation was lost in the MIN-166 group and was attributed to
- Multiple Regression Analysis (Stepwise Regression) ’ , , , sroup
co  sop st N : : . . treatment effect in several short ALS history patients
8rowsnotusedduetoexcludedrowsormlssmgvalues: MUItIpIe Regre55|on AnalySIS analyzes the Impact On ) , ; ) . . . . .
T s i e L et e * Despite the study’s randomization design, there were meaningful differences found in ALS history and
i the overall drug effect of each factor. , , , : N
Lock Entred oramter [Estmate nOF 58 'FRater “probsr disease duration between the MN-166 and placebo groups at baseline. Plans are in place to mitigate
Treatment Code{tc1-tc2} 0 1 0.756968 0.039 0.8449 . . . . . .
@  Gonderfemaiotae : : the risk of this occurring again in the upcoming Phase 2b/3 study ( NCT04057898
0 {‘ L e 0 1 177aes 087 032688 Stepwise Regression further narrowed down that The offi . 166g' 5 tod t E 5 bust | / . ty ( +h 2 <short AL% hict
il O 2o 020 o783 - e efficacy o - Is expected to be more robust in patients with a shor istory.
Siteo{fOnset-Upperl_}imb{Yes-No} 0 1 1.459288 0.075 0.78586 gender’ bUIbar Onset’ LMN bUIbar Sym ptom and AI—S y p p y
Site of Onset - Lower Limb{Yes-No} 0 1 1.033937 0.053 0.81914
N Bt T tase o oren history (i.e. days since first onset of symptom) are Watanabe H, Atsuta N, Hirakawa A et al. A rapid functional decline type of amyotrophic lateral sclerosis is linked to low expression of TTN. J

UMN Cervical{Yes-No} 0 1 0.099246 0.005 0.94354 . | h .

UMN Thoracic{Yes-No} 0 1 0.002357 0.000 0.99129 t h f t ff t g t t t ff t

UMN Lumbar{Yes-No} 0 1 0102193 0.005 0.94271 e TacCtors arrectin reatment erfect. Neuro Neurosurg PSYC Iatry 2016
LMN Bulbar{No-Yes} 1.19687551 1 41.03481 2.159  0.15001

LMN Cervical{Yes-No} 0 1 0370239 0.019 0.89119

LMN Lumbar{No-Yes} 0 1 7117781 0.368  0.5477
days on sympton 0.00502341 1 122.2141 6.429 0.01546
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