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Figure 1 Metabolism of dimethyl fumarate (DMF).
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DMF may exert immunomodulatory as well as cytoprotective effects via activation of Nrf2 or HCAR2-mediated signaling
pathways. APC, antigen-presenting cell; B, regulatory B cell; DC, dendritic cell; DMF, dimethyl fumarate; HCARZ2,
hydrodycarboxylic acid receptor 2; Nrf2, nuclear factor (erythroid derived 2)-like 2 transcription factor; Th, helper T cell;

Figure 2 Presumed mechanisms of action of DMF in MS.
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DEFINE ENDORSE
< 2 years > P 12 years at most -
DMF 240 mg BID = i
(480 mg/day) —)| DMF 240 mg BID (480 mg/day) | DMF/DMF group
Randomization
:1: DMF 240 mg TID DMF 240 mg TID DMF 240 mg BID*
(720 mg/day) (720 mg/day) (480 mg/day)
| | PLA/DMF group

MRI cohort N = 540 Placebo PO |(1:1) DMF 240 mg BID (480 mg/day)
Design Randomized, double-blind, placebo- DMF 240 mg TID DMF 240 mg BID*

controlled study (720 mg/day) > (480 mg/day)

Subject |Relapsing-remitting multiple sclerosis

Primary |Proportion of patients who had a |

endpoint |relapse within 2 years DMF 240 mg BID (480 mg/day)

| DMF/DMEF group

DMF 240 mg TID DMF 240 mg BID*
CONFIRM < 2ycas (720 mg/day) > (480 mg/day)
DMF 240 mg BID
(480 mg/diy) DMF 240 mg BID (480 mg/day) | PLA/DMF group

] I DMF 240 mg TID DMF 240 mg TID DMF 240 mg BID*
Randomization (720 mg/day) (720 mg/day) > (480 mg/day)

[ PlaceboPO__](1:1} | DMF 240 mg BID (480 mg/day) |

VIR cohort N= 651 Gl%%ﬂi?%rcaé%ate DMF 240 mg TID DMF 240 mg BID*
(720 mg/day) (480 mg/day)

Randomized, double-blind, placebo-
controlled study

Design Design |Interventional study

Subject |Relapsing-remitting multiple sclerosis Subject [Relapsing-remitting multiple sclerosis

Primary [Number of patients with adverse events

Primary |Annualized relapse rate at 2 years, ! |
endpoint |(time frame: Day 1 up to 12 years)

endpoint |based on protocol - defined relapses

BID, twice dayly; CONFIRM, phase III study for EMA; DEFINE, phase III study of DMF for FDA; DMF, dimethyl
fumarate; ENDORSE, phase III/IV study as an extension study of DEFINE and CONFIRM; PLA, placebo; PO, oral; QD,

once dayly; SC, subcutaneous; TID, three times daily

*The study protocol has changed to fit the approved dosage and administration in US and EU in March 2014.

Figure 3 Study design and objectives of the main clinical trials of DMF, DEFINE, CONFIRM, and ENDORSE.

—7J7, DMF Of#efREEMIL, M, RIEND
BRFEYFD R b L ZIEEIZBES-4 % Nrf2 (nuclear
factor [erythroid derived 2]-like 2 transcription
factor) FEREOIEMALZ Uz, © BisiHNH] & il
ROME", @ B2 N 2P EBELHOM
RARORE” XD EREFWET NV TRIN
TWb, DMF ##& 5 X7 MS B3 Tl Nrf2 12
HHI N2 BEFHOEES LA LT, BT
TN ORERDFIR I N,

2. DMF @ RRMS (CXt§ 2 F%hE

W55+ T3 DMF @ RRMS 12 %9 % 4 &h itk fe OV
M E B9 %72, DEFINE ?, CONFIRM ¥ 7z
B ONZ Z Ok aBk D ENDORSE " 2 X 17z,
INGORBRTYA v, EEHMZ Figure 3 1278

L7z, A#5Tid, DEFINE & CONFIRM O #fi &
fighy 29 > ENDORSE OB &5 R D5 5, K
A EDI-AKBHETHS DMF 240 mg % 1 H 2
B ¥ 5 (BID) BEO&ERZPLICHNT 5,

1) HEBITOEFEROBE

#HT O 51 2 & D W C {7 1 7z DEFINE &
CONFIRM DA T ™ Cld, 7 F & AREE 771 f,
BID #f 769 B2 Gl X 7z, 7eds, Wbk BHE
HRIZELLTEY, BRI nwe®
2 b,

B 5% 2 4F[H O ARR OFREA#IL 49% (75
+ AR 0.37 [8], BID # :0.19 [, p < 0.0001,
Figure 4A), 53¢ L 7= & O EIE O A KX
32% (7 F & A& #:44%, BID & :28%, p <
0.0001), 12 #EFRE T 2 S AR RERE E 2 E T L /-



20 (876)

PIREFHE 5% HF9%5 (2017F9H)—

A
RR (95% CI): 0.515 (0.427-0.621);
p<0.0001
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0.5 RR (95% CD): 0.515 (0.427-0.622);
p <0.0001
0.4
0.3
~,
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entry. The error bars indicate 95% CI.

rate ratio; TID, three times daily.

(https://creativecommons.org/licenses/by/3.0/).

B RR (95% CI): 0.40 (0.27-0.58);
p<0.0001
I
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ARR in total (A) and ARR in the newly diagnosed population (B) are shown. ARR was calculated using a negative binomial regression model
adjusted for study, region, baseline age (<40 vs. = 40), baseline EDSS score (= 2.0 vs. >2.0), and number of relapses in the year prior to study

ARR, annualized relapse rate; BID, twice daily; CI, confidence interval;, DMF, dimethyl fumarate; EDSS, expanded disability status scale; RR,

(A) Reprinted from reference 15. © 2014 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on
behalf of American Neurological Association. This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (https://creativecommons.org/licenses/by-nc-nd/4.0/). (B) Repoduced from reference 16. ©

2015 The Author(s). This article is published with open access at Springerlink.com. Creative Commons Attribution 3.0 International Unported

Figure 4 ARR at 2 years of all and the newly diagnosed population in the integrated analysis of CONFIRM and DEFINE.
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BL 12 24 36 48 60 72 8 96
Time on study (weeks)

Patients at risk

and region.

*Number of patients at risk 5 days prior to the week 96 visit.

licenses/by/3.0/).

Placebo 771 714 662 616 564 519 477 452 399*
DMF BID 768 682 635 608 574 553 535 516 470*
DMF TID 761 669 633 602 583 553 525 504 468*
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BL 12 24 36 48 60 72 8 9
Time on study (weeks)

Patients at risk

Placebo 223 209 197 185 172 156 146 142 128*

DMF BID 221 201 191 183 174 171 166 163 142*
DMF TID 234 209 199 190 184 182 172 164 152*

Risk of 12-week confirmed disability progression in total population (A) and risk of 12-week confirmed disability progression in the newly diagnosed
population (B) are shown. In (A), disability progression as measured by EDSS of 12-week confirmation was analyzed using a Cox proportional hazards
model with study as a stratifying factor, adjusted for region, baseline EDSS score (as a continuous variable), and baseline age. In (B), estimated
proportion of patients relapsed at week 96 was derived using Kaplan-Meier analysis. Hazard ratios, 95% CI, and p values were based on a stratified
Cox proportional hazards model with study as the stratifying variable, adjusted for baseline EDSS score (< 2.0 vs. >2.0), baseline age (<40 vs. = 40),

BL, baseline; BID, twice daily; CI, confidence interval; DMF, dimethyl fumarate; EDSS, expanded disability status scale; TID, three times daily.

(A) Reprinted from reference 15. © 2014 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf
of American Neurological Association. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (https://creativecommons.org/licenses/by-nc-nd/4.0/). (B) Reprinted from reference 16. © The Author(s) 2015. This
article is published with open access at Springerlink.com. Creative Commons Attribution 3.0 International Unported (https://creativecommons.org/

Figure 5 Proportion of patients relapsed and time to 12-week confirmed disability progression at 2 years of all and the newly
diagnosed population in integrated analysis of CONFIRM and DEFINE.
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Table 1 MRI endpoints at 2 years in the integrated analysis of CONFIRM and DEFINE.

New or enlarging T2-hyperintense

lesi Gd+ lesions New T1-hypointense lesions
esions
Adjusted M Adjusted
. ean . .
mean . LMR"’ . .| Odds ratio ' mean : LMR’
. P value lesion P value . P value
lesion (95% CD . (95% CI) lesion (95% CI)
count * count count ®
Integrated analysis of CONFIRM and DEFINE "
Placebo 16.8 — — 1.9 — — 6.3 — —
0.22 0.17 0.35
DMF BID 3.7 <0.0001 0.3 <0.0001 2.2 < 0.0001
(0.17-0.28) 0.11-0.27) (0.27-0.45)
0.27 0.30 0.36
DMF TID 4.5 < 0.0001 0.4 < 0.0001 2.3 < 0.0001
(0.21-0.34) (0.21-0.45) (0.29-0.46)

Newly diagnosed patients * with RRMS in CONFIRM and DEFINE

Placebo 20.0 — — 1.9 — — 6.6 — —
0.20 0.08 0.32
DMF BID 4.0 <0.0001 0.3 <0.0001 2.1 <0.0001
(0.13-0.31) (0.03-0.19) (0.21-0.50)
0.19 0.08 0.30
DMF TID 3.9 <0.0001 0.2 <0.0001 2.0 <0.0001
(0.13-0.30) (0.04-0.20) (0.19-0.46)

: adjusted for study, region, and baseline volume of T2-hyperintense lesions.
: vs. placebo
* . adjusted for study, region, and baseline number of Gd+ lesions.

§

. adjusted for study, region, and baseline volume of T1-hypointense lesions.
" : diagnosed with RRMS within 1 year prior to study entry and naive to MS disease-modifying therapy.
BID, twice daily; CI, confidence interval; DMF, dimethyl fumarate; Gd+, gadolinium-enhancing; LMR, lesion mean ratio; MS,

multiple sclerosis; RRMS, relapsing-remitting MS; TID, three times daily.
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[ 10-1 year (first year of DEFINE and CONFIRM)

[[] 1-2 years (second year of DEFINE and CONFIRM)
[ 2-3 years (first year of ENDORSE)

[ 3-4 years (second year of ENDORSE)

B 4-5 years (third year of ENDORSE)
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d0.20

< 0.1 0.16
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DMF/DMF

n=

period are excluded.

creativecommons.org/licenses/by-nc/3.0/).

249 240 249 206 192
PLA/DMF

Adjusted ARR and 95% CI based on negative binomial regression, adjusted for baseline EDSS score (=
2.0 vs. >2.0), baseline age (<40 vs. = 40), region, and number of relapses in the 1 year prior to entry
into DEFINE or CONFIRM. Data after patients switched to alternative MS medications during the

ARR, annualized relapse rate; CI, confidence interval; EDSS, expanded disability status scale; GA,
glatiramer acetate; I'TT, intention-to-treat; MS, multiple sclerosis; PRO, placebo.

Reproduced from reference 14. © 2016 The Author(s). This article is published with open access at
SAGE Publications. Creative Commons Attribution-NonCommercial 3.0 Unported (https://
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GA/DMF

Figure 6 ARR by yearly interval in the DEFINE, CONFIRM and ENDORSE integrated analysis

(ENDORSE ITT population).
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Annualised relapse rate

Alemtuzumab
Natalizumab
Fingolimod

Dimethyl fumarate
peg-IFN 8-1a 125 mcg
Glatiramer acetate 20 mg
Glatiramer acetate 40 mg
IFN3-1a 44 mcg SC

IFN -1b 250 mcg SC
Teriflunomide

IFN-1a 22 mecg SC

IFN 3-1a 30 mcg IM

-
.

++++M“

RR (95% CD

0.31 (0.26-0.36)
0.31 (0.27-0.36)
0.47 (0.41-0.53)
0.50 (0.43-0.59)
0.64 (0.51-0.80)
0.65 (0.59-0.71)
0.65 (0.55-0.78)
0.67 (0.60-0.74)
0.67 (0.60-0.75)
0.67 (0.59-0.75)
0.72 (0.63-0.82)
0.85(0.78-0.93)

0.20

Progression (3-month)

Alemtuzumab
Natalizumab
Dimethyl fumarate

—-—

R

P
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favours treatment

peg-IFNB-1a 125 mcg

_——

T
1.20
favours placebo

HR (95% CI)
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favours treatment
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Fingolimod —-— 0.75 (0.62-0.90)
IFN3-1a 30 mecg IM —- 0.81 (0.62-1.06)
Glatiramer acetate 20 mg — - 0.81 (0.63-1.03)
IFNA3-1a 22 mcg SC e 0.81 (0.57-1.13)
IFN3-1b 250 mcg SC — - 0.83(0.62-1.12)
0.20 0.70 1.20

(A) ARR, (B) Disability progression confirmed at three months.

ARR, annualized relapse rate; CI, confidence interval; HR, hazard ratio; IFN S, interferon
beta; IM, intramuscular; RR, rate ratio; SC, subcutaneous.

Reprinted from reference 22. © 2016 Elsevier B.V., with permission from Elsevier.
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Figure 7 Forest plots of treatment versus placebo.
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Review of Dimethyl Fumarate (Tecfidera®) Part 1 :
The Mechanism of Action and Efficacy in Patients with Multiple Sclerosis
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Summary

Dimethyl fumarate (DMF) is an oral disease-modifying drug (DMD) approved in Japan in February
2017 with the indication of prevention of multiple sclerosis (MS) relapse and delaying the progression
of physical disability. In this article, we outline the mechanisms of action of DMF including its unique
neuroprotective action as well as its efficacy in MS patients, referring to the abundant clinical data
from Europe and the United States where DMF was first launched. We also introduce the metaanalysis
results of data in Western countries by conducting systematic review of DMD studies.

Key words: clinical efficacy, dimethyl fumarate, disease-modifying drugs, mechanisms of action,
multiple sclerosis




