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Table 1 Most common adverse and serious adverse events in DEFINE” and CONFIRM”.
DEFINE CONFIRM
Adverse Event (n [%1) Placebo Twice-Daily DMF Placebo Twice-Daily DMF
(N = 408) (N =410) (N =363) (N =359)
Any adverse event 387 (95) 395 (96) 333 (92) 338 (94)
Most common adverse events™
Multiple sclerosis relapse 189 (46) 111 (27) 155 (43) 110 (31)
Flushing 20 (5) 154 (38) 13" 110 3D °
Nasopharyngitis 0 0 58 (16) 62 (17)
Headache 0 0 49 (13) 52 (14)
Diarrhea 55 (13) 62 (15) 28 (8)° 45 (13)°
Urinary tract infection 0 0 42 (12) 52 (14)
Nausea 38 (9) 53 (13) 29 (8)° 40 (1D 7
Abdominal pain 22 (5) 46 (11)
Upper respiratory tract infection 0 0 34 (9)° 36 (10)°
Back pain 0 0 33 (9) 35 (10)
Fatigue 0 0 33 (9) 37 (10)
Upper abdominal pain 28 (7) 40 (10) 17 (5)° 36 (10)
Proteinuria 34 (8) 38 (9) 25 (7) 29 (8)
Pruritus 19 (5) 42 (10) 0 0
Vomiting 24 (6) 40 (10) 0 0
Depression 0 0 35 (10) 24 (7)
A.dverSTe eve.nts leading to study-drug 55 (13) 65 (16) 38 (10) 44 (12)
discontinuation
Death 0 1(<DF 1 (<18 0
Any serious adverse event 86 (21) 74 (18) 79 (22) 61 (17)
Most common serious adverse events
Multiple sclerosis relapse 60 (15) 39 (10) 51 (14) 39 (11)
Gastroenteritis 0 4 (<1) 0 2 (<1
Cellulitis 0 0 0 2 (<1
Abdominal pain 0 0 0 2(<1)
Back pain 0 0 0 2 (<D
Ovarian cyst 1(<1) 1(<1) 0 0
Pneumonia 1(<1) 2 (<1 0 0
Spontaneous abortion 0 0 2(<1) 0
Serious infection 7(2) 10 (2) 0 0
Malignant neoplasm 2(<1) 2(<1) 0 0
Convulsion 0 0 2(<1) 0
Pneumonia 0 0 1(<1) 0

DMF, dimethyl fumarate.

*In DEFINE, with the exception of a multiple sclerosis relapse, the listed adverse events are those that were reported in 10% or
more (rounded up to the nearest integer) of patients, with an incidence that was at least 3% higher in the DMF group than in the
placebo group. In CONFIRM, these events were reported by at least 10% of patients in any group. The events are listed by
decreasing incidence among DMF-treated patients. ' These events had a reported incidence of at least 5 percentage points higher
in any active treatment group than in the placebo group. * A patient died in a bicycle accident 3 weeks after withdrawing from the
study. ' A death occurring during the study or within 30 days after study withdrawal was due to stroke. ' In DEFINE, there were
serious adverse events reported in two or more patients treated with DMF. In CONFIRM, these events had been reported by at
least two patients in any group. The events are listed by decreasing incidence among DMF-treated patients.
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Patients with ALCs < 500 mm® persisting > 6 months vs all other patients. Error bar shows standard error.

*Baseline (week 0) n includes all patients for whom a baseline ALC value was available. ' Mean ALCs throughout time
are presented out to approximately 5 years (week 240), as this is the minimum follow-up for patients remaining on
study in ENDORSE.

ALC, absolute lymphocyte count; BL, baseline; DMF, dimethyl fumarate; LLN, lower limit of normal; SE, standard
error.

Reprinted from reference 6. © 2016 American Academy of Neurology. This is an open access article distributed under
the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (https://creativecommons.

org/licenses/by-nc-nd/4.0/)

Figure 1 Mean ALCs during time in the clinical studies.
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Table 2 Proportion of patients who subsequently developed ALCs < 500 mm® persisting = 6 months at any time (up to 7 years after

initiating treatment) according to ALCs within the first 6 months or 1 year of DMF treatment in phase II and III clinical trials®.

n/N (%) developing ALCs <500 mm®persisting =6 months by ALCs within

first 6 months or 1 year

First 6 months First 1 year
All ALCs = LLN* 3/2,083 (0.1) 0/1,876 (0)
All ALCs = 800 mm® 9/2,219 (0.4) 0/2,050 (0)

All ALCs = 500 mm®
At least 1 ALC < 800 mm’
At least 1 ALC < 500 mm’

37/2,446 (1.5)
38/251 (15)
10/24 (42)

16/2,409 (0.7)
47/420 (11)
31/61 (51)

ALC, absolute lymphocyte count; DMF, dimethyl fumarate; LLN, lower limit of normal.

*910 mm”.

Reprinted from reference 6. © 2016 American Academy of Neurology. This is an open access article distributed under the terms

of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (https://creativecommons.org/licenses/by-nc-

nd/4.0/)
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ALC, absolute lymphocyte count; DMF, dimethyl fumarate; LLN, lower limit of normal.

Reprinted from reference 6. © 2016 American Academy of Neurology. This is an open access article
distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
4.0 (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Figure 2 ALCs following treatment discontinuation in 9 patients with ALCs <500 mm® for at least

6 months in the clinical studies.
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Any event Symptomatic Discontinued
treatment for treatment
event owing to event
(A) Percentages of patients who experienced any gastrointestinal event during the initial treatment
period (months 0-3) and used symptomatic treatment for gastrointestinal events or discontinued
study treatment due to gastrointestinal events at any time during the 2-year study.
(B) Percentages of patients who experienced flushing or related symptoms during the initial treatment period
(months 0-3) and used symptomatic treatment for flushing or related symptoms or discontinued study treatment
due to flushing or related symptoms at any time during the 2-year study. For all measures, the subset of
patients who completed the study (completers) was comparable with the overall safety population (all).
DMF, dimethyl fumarate; NA, not applicable.
Reproduced with permission from reference 10. © 2015 Consortium of Multiple Sclerosis Centers.

Figure 3 Gastrointestinal events and flushing or related symptoms in the initial treatment

period: incidence, symptomatic treatment, and discontinuation of the study drug.

FtaT 3 7 ACI, HLEAERIZ X %5 DMF ik
KX 3% Tdh -7 (Figure 3A), HALZHEIRDFEIL
X DMF #5586 5 1 7 ALA RO %L, D
BIIKIEIZIC T L= (Figure 4A),

2) EfEE, EEE TOHM, WEZE

DMF # 5-Fth1% 3 A ARICIRE T 5 &, Hbes

SEIR D EAEFE 13 90% LA _ BN AT hSEETH D,
[E118% & -C DA o h 813 S A _EIEE T 9.5
H, HOSU3EY:, FHITCIE 8 HTh -7 (Figure
5), EMIZFIZ, 7o KRy FHER HiE
B, IEEEENEHIN TV (Table 3),
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For gastrointestinal (A) and flushing (B) events, the subset of patients who completed the study (completers)
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30
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=
= 15+
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g
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<
A
5,
0,
1 2 3 4 '5
Patients at risk (No.)
CPlacebo (all) 771 765 759 751 736
CPlacebo (completers) 499 499 499 499 499
EDMF (all) 769 751 735 719 701
B DMF (completers) 537 537 537 537 537
was comparable with the overall safety population (all) at all time points.
DMF, dimethyl fumarate.

Reproduced with permission from reference 10. © 2015 Consortium of Multiple Sclerosis Centers.
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Figure 4 Gastrointestinal events and flushing or related symptoms: incidence at 1-month intervals in

CONFIRM and DEFINE studies.
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1 H 2685251, 1EBEIZ 1A 240 mg
1H2EICHEET S, &, WITNOBELE %
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607 (] Abdominal pain or upper abdominal pain (n = 110)
[0 Nausea or vomiting (n = 108)

504 _ B Diarrhea (n=73)

40

30

20 4

Resolved events (%)

N
7 7 7 7 7

Duration of resolved events (week)

Duration is reported only for resolved events with recorded start and end dates. Not included in the analysis
of duration were eight abdominal pain, six nausea/vomiting, and three diarrhea events that did not resolve
and three abdominal pain, six nausea/vomiting, and two diarrhea resolved events for which end dates were
missing.

Reproduced with permission from reference 10.© 2015 Consortium of Multiple Sclerosis Centers.

Figure 5 Common gastrointestinal events (abdominal pain, nausea/vomiting, and diarrhea) during the
initial treatment period: duration of resolved events in CONFIRM and DEFINE studies.

Table 3 Symptomatic treatments taken by at least two patients* for common gastrointestinal and flushing events in the initial period
of DMF treatment (months 0-3) in CONFIRM and DEFINE studies™’.

Abdominal pain or upper . . .
. . Nausea or vomiting Diarrhea Flushing or hot flush
abdominal pain

Symptomatic Symptomatic Symptomatic Symptomatic

P Patients, n yip Patients, n P Patients, n P Patients, n
therapy therapy therapy therapy
Any’ 40 Any’ 29 Any’ 19 Any’ 19

. . Diphenhydramine
Omeprazole 18 Domperidone 7 Loperamide 8 . 5
hydrochloride
. Bismuth L .
Paracetamol 8 Metoclopramide 7 . 2 Acetylsalicylic acid 3
subsalicylate
Ranitidine 7 Pantoprazole 3 Lomotil 2 Loratadine 3
Loperamide 5 Paracetamol 3 Trilac 2
Hyoscine 3 p thazi 3
romethazine

buthylbromide
Pantoprazole 3 Ranitidine 3
Dimethicone 2 Omeprazole 2

DMF, dimethyl fumarate.

*An additional 23, 12, 12, and 11 therapies were taken by one patient each for abdominal pain or upper abdominal pain, nausea or
vomiting, diarrhea, and flushing and hot flush events, respectively. A corresponding concomitant medication was missing for one
patient with vomiting and one patient with flushing. " Patients may have taken more than one symptomatic therapy.

Reproduced with permission from reference 10. © 2015 Consortium of Multiple Sclerosis Centers.
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(n=52

o
Question Con?ﬁlnl\?us % Subsequent question
If you recommend food as a management strategy, what is your recommendation with respect to food and
timing of medication?
2 2
Do you recommend food as a management strategy for any Yes=100% O Take DMF 30 minutes before a meal
of your patients being treated with DMF? (56/56) Take DMF with a meal
™ Take DMF <30 minutes after the meal
B | do not provide recommendations on timing
How frequently is food helpful as a management strategy to manage Gl AEs across ALL patients who report
GI AEs when they initiate treatment with DMF? *
2 1
Do you recommend food as a management strategy to ALL Yes=95% 0=25% of the time
patients when they initiate treatment with DMF? (53/56) >25% but <75% of the time
25 ® =75% of the time
mAll of the time (100%)
(n=51)
In typical patients with mild to moderate Gl AEs, how frequently is food helpful as a management strategy to
manage Gl AEs?"
D d food { strategy in typical '’
0 you recommend food as a management strategy in typica Yes=98% 1<25% of the time
gzitlAeg;s? (not your most severe cases) with mild to moderate (53/54) ~25% but <75% of the time
’ 22 m=75% of the time
WAl of the time (100%)
(n=55)
In patients with SEVERE Gl AEs, how frequently is food helpful as a management strategy to manage Gl
AEs?*
8 ! 0 <25% of the time
. ) _0Ro, <25%
Sghyglé{;alzcsgrg?&%;q’od as management strategy in patients Y(essz/?jﬁ)/u ~25% but <75% of the time
) 20 W =75% of the time
mAIl of the time (100%)
(n=52)
What is the most common slower titration period you have used?
2 2
o itrati D =2- itrati 3
Have you used slower titration (>7 days to reach the ?::;i[et:r;:g];:::)mm 2Z-week fitration (but >1 week), then 240 mg BID
approved maintenance dose of 240 mg BID) during initiation Yes=98% 14
of treatment with DMF to reduce the incidence and/or (55/56) Slower titration schema 2: <4-week titration, then 240 mg BID (maintenance dose)
severity of any or all Gl AEs? 37 = Slower titration schema 3: <6-week titration, then 240 mg BID (maintenance dose)
m Other (please indicate duration of titration period)
(n=55)
In approximately what proportion of patients has the slower titration schema been more helpful (relative to the
recommended 7-day titration) for reducing the incidence and/or severity of Gl Aes?
1 1 01-25%
Have you found the slower titration schema helpful compared 26-50%
with the recommended titration of 120 mg BID for 7 days (per Yes=87% 14 51-75%
prescribing information) for reducing the incidence and/or (48/55)° 76-99%
severity of GI AEs in at least some of your patients? o b y
15 14 m100% (all patients)
® Have not used the recommended titration of 120 mg BID for 7 days
(n=55) (per prescribing information)
Based on your experience, which of these dosing options is 1120 mg BID
more likely to be effective for managing Gl side effects during 240 mg QD
temporary dose reduction? 5 mg

m Not enough experience to judge

After a period of dose reduction in typical patients, how do
you typically restart the maintenance dose (240 mg BID per
prescribing information)?

(n=52)

[ Retitration per prescribing information (7 days as per prescribing information)
Slower titration (slower than recommended in prescribing information [i.e. >7 days])
= No titration (return immediately to approved dose of 240 mg BID)

Which slower titration schema do you use?
(n=52)

O Slower titration schema 1:

Slower titration schema 2:
m Slower titration schema 3:
H Others

<2-week (but >1 week) titration, then 240 mg BID (maintenance dose)
<4-week titration, then 240 mg BID (maintenance dose)
<6-week titration, then 240 mg BID (maintenance dose)

After a period of dose reduction in patients with SEVERE GI
side effects, how do you typically restart the maintenance
dose (240 mg BID per prescribing information)?

(n=50)

I Retitration per prescribing information (7 days as per prescribing information)
Slower titration (slower than recommended in prescribing information [i.e. >7 days])
= No titration (immediately return to approved dose of 240 mg BID)

*Question posed only to respondents with both typical patients and severe cases who reported food-based strategies as helpful. 'Question
posed to all respondents who reported food-based strategies as helpful. *Question posed only to respondents who recommended food-
based strategies for severe cases. ‘One respondent had not used the recommended titration of 120 mg BID for 7 days.

AE, adverse event; BID, twice daily; DMF, dimethyl fumarate; GI, gastrointestinal; QD, once daily.

Reproduced with permission from reference 11. © The Author(s) 2015. This article is published with open access at Springerlink.com.
Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/).

Figure 6 Using food, slower dose titration, and a temporary dosage reduction as a management strategy.
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Table 4 Pregnancy outcomes in the postmarketing setting as of June 30, 2014

DMF DMF Total

Pregnancy outcome .

(spontaneous reports*) | (spontaneous reports ')

Total number of women who became pregnant 104 31 135
Live birth 5 5 10
Spontaneous abortion 11 2 13
Ectopic pregnancy 0 2 2
Elective termination 4 17 5
Pregnancy ongoing 83 20 103
Lost to follow-up 1 1 2

*Spontaneous postmarketing reports. " Solicited postmarketing reports from Tecfidera Monitored Therapy Program. * There was
one case of elective termination with fetal defects in a female patient of advanced maternal age (39 years) and with a previous
history of two full-term births and one miscarriage. The fetal defects on ultrasound were suggestive of caudal regression
(rudimentary single, fused, short lower extremity), which is not consistent with results from animal studies that showed fetal rat
limb development ossification delay related to decreased maternal nutritional status at a DMF dose approximately 11 times the
human therapeutic dose. Of note, the patient had stopped taking DMF 2 weeks after becoming pregnant, which is prior to the
development of the caudal region in humans (gestation days 23-25).

DMF dimethyl fumarate.

Reproduced with permission from reference 12. © The Author(s) 2015. This article is published with open access at Springerlink.
com. Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-
nc/4.0/) .
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Summary

Dimethyl fumarate (DMF) is an oral disease-modifying drug launched 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 review the safety profile of DMF in MS patients by referring to the
abundant clinical data from Europe and the United States, where DMF was first launched. With a
focus on adverse events (AEs) of particular concern, including lymphocytopenia and progressive
multifocal leukoencephalopathy (PML) as well as flushing and gastrointestinal symptoms that were
frequently observed, we describe the features of the symptoms and their current management.

Key words: dimethyl fumarate, flushing, gastrointestinal events, lymphocytopenia, progressive

multifocal leukoencephalopathy




