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1. Background information on the procedure

1.1. Submission of the dossier

The applicant TEVA GmbH submitted on 13 September 2021 an application for marketing aut tion
to the European Medicines Agency (EMA) for Dimethyl fumarate Teva, through the centralis pocedure
under Article 3 (3) of Regulation (EC) No. 726/2004- ‘Generic of a Centrally authorise uct’. The
eligibility to the centralised procedure was agreed upon by the EMA/CHMP on 24 June. /

The application concerns a generic medicinal product as defined in Article ) of Directive
2001/83/EC and refers to a reference product, as defined in Article 10 (2)(a) o mive 2001/83/EC,
for which a marketing authorisation is or has been granted in in the Union e basis of a complete
dossier in accordance with Article 8(3) of Directive 2001/83/EC. §I

The applicant applied for the following indication:

Dimethyl fumarate Teva is indicated for the treatment of adult patiepts with relapsing remitting multiple
sclerosis (see section 5.1 for important information on the po jons for which efficacy has been

established).

The legal basis for this application refers to: \O

1.2. Legal basis, dossier content

Generic application (Article 10(1) of Directive No @1/83/EC).

The application submitted is composed of a@istrative information, complete quality data and a
bioequivalence study with the reference medicinal product Tecfidera instead of non-clinical and clinical
unless justified otherwise. {J

The chosen reference product is: ocj

Medicinal product which is or has@ authorised in accordance with Union provisions in force for not
less than 8 years in the EEA: O

° Product name, strength@armaceutical form:

Tecfidera 120 mg ga @ resistant hard capsule,
Tecfidera 240 gastr@-resistant hard capsules
&on holder: Biogen Netherlands B.V.

° Marketing authogi
o Date of auth @n: 31-01-2014
° Marketing hotisation granted by:

—Uni\

*
. Unizw eting authorisation number: EU/1/13/837/001-003

Addit | considerations in relation to the regulatory data protection period of Tecfidera

By its Judgment of 5 May 2021 in Case T-611/18, Pharmaceutical Works Polpharma v EMA,* the General
Court held that Tecfidera does not benefit from an independent global marketing authorisation. EMA has
lodged an appeal against the General Court’s ruling, and the appellate proceedings are pending.
Nevertheless, for the purpose of implementing the General Court’s ruling, but without prejudice to its

! In this respect, see: Judgment of the General Court of 5 May 2021 in Pharmaceutical Works Polpharma v EMA, T-
611/18, EU:T:2021:241.
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position in the appellate proceedings, the Agency has conducted an ad hoc assessment relating to the
therapeutic effect of monoethyl fumarate salts (MEF) within Fumaderm (in this respect, see the Opinion
and assessment report adopted by the CHMP on 11 November 2021).2

In light of the scientific conclusions outlined in its Opinion of 11 November 2021, the CHMP is of the view

that the totality of the available data cannot establish that MEF exerts a clinically relevant t eutic
contribution within Fumaderm. Those scientific conclusions and the Judgment of the Gener of 5
May 2021 in Case T-611/18 support the determination that Tecfidera does not beme rom an
independent global marketing authorisation. This also entails that, following the’ ral Court’s

reasoning, Tecfidera could not benefit, at the time of the submission of this generi€application, from
any marketing protection. This position is without prejudice to the outcome of bove referenced

appellate proceedings. Q

1.3. Information on paediatric requirements 0

Not applicable. {@

1.4. Information relating to orphan market exc@vity

Pursuant to Article 8 of Regulation (EC) No. 141/200 ; Article 3 of Commission Regulation (EC) No
847/2000, the applicant did not submit a critical rm addressing the possible similarity with authorised
orphan medicinal products because there isb orised orphan medicinal product for a condition

related to the proposed indication.

The applicant did not seek scientifb iCe from the CHMP.

1.4.1. Similarity

1.5. Scientific advice

1.6. Steps taken for ;@ssessment of the product

The Rapporteur appointethe CHMP were:

Rapporteur: Hre%gdmundsdottir

The applicationm ceived by the EMA on 13 September 2021
The procedL(A;}'ted on 30 September 2021
. )

The C VN‘a{porteur's first Assessment Report was circulated to all | 20 December 2021

CHMP RAC members on
)

T AC Rapporteur's first Assessment Report was circulated to all PRAC | 30 December 2021

d CHMP members on

The CHMP agreed on the consolidated List of Questions to be sent to the | 27 January 2022
applicant during the meeting on

2 In this respect, see: the Appendix to the present assessment report.
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The applicant submitted the responses to the CHMP consolidated List of | 18 February 2022
Questions on

The CHMP Rapporteur circulated the CHMP and PRAC Rapporteurs Joint | 28 March 2022
Assessment Report on the applicant's responses to the List of Questions
to all CHMP members on b

The PRAC agreed on the PRAC Assessment Overview and Advice to CHMP | 7 April 2022 w

during the meeting on . %
A\‘
The CHMP agreed on a list of outstanding issues to be sent to the | 22 April&gz

applicant on O

The applicant submitted the responses to the CHMP consolidated List of @ 2022

Outstanding Issues on

The CHMP Rapporteur circulated the CHMP and PRAC Rapporteurs J(%)JUIY 2022
Assessment Report on the responses to the List of Outstanding Issues

all CHMP and PRAC members on

The CHMP agreed on a second list of outstanding issues to be @o the | 21 July 2022
applicant on Q

v
The applicant submitted the responses to the second CH@nsolidated 13 September 2022
List of Outstanding Issues on \

The CHMP Rapporteur circulated the CHMP and PRAcxapporteurs Joint | 27 September 2022
Assessment Report on the responses to the se List of Outstanding
Issues to all CHMP and PRAC members on 0

The CHMP, in the light of the overall submitted and the scientific | 13 October 2022
discussion within the Committee, issuefl a pOsitive opinion for granting a
marketing authorisation to Dimethyl rate Teva on

&

2. Scientific disc‘f‘smn

2.1. Introducti

Dimethyl fumarﬁeva is indicated for the treatment of adult and paediatric patients aged 13 years
and older wit ing remitting multiple sclerosis (RRMS).
L4

The m sm by which dimethyl fumarate exerts its therapeutic effects in multiple sclerosis (MS) is
nok,f nderstood. Preclinical studies indicate that dimethyl fumarate pharmacodynamic responses

to be primarily mediated through activation of the Nuclear factor (erythroid-derived 2)-like 2
( ) transcriptional pathway. Dimethyl fumarate has been shown to up regulate Nrf2-dependent
antioxidant genes in patients (e.g. NAD(P)H dehydrogenase, quinone 1; [NQO1]).
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Pharmacodynamic effects

Effects on the immune system

In preclinical and clinical studies, dimethyl fumarate demonstrated anti-inflammatory and
immunomodulatory properties. Dimethyl fumarate and monomethyl fumarate, the primary bolite
of dimethyl fumarate, significantly reduced immune cell activation and subsequent rele H&pro—
inflammatory cytokines in response to inflammatory stimuli in preclinical models. In cIinicaI@ies with
psoriasis patients, dimethyl fumarate affected lymphocyte phenotypes through a down-,r@ion of pro-
inflammatory cytokine profiles (TH1, TH17), and biased towards anti-inflammatory production (TH2).
Dimethyl fumarate demonstrated therapeutic activity in multiple models o mmatory and
neuroinflammatory injury. In Phase 3 studies in MS patients (DEFINE, CONFIR NDORSE), upon
treatment with dimethyl fumarate mean lymphocyte counts decreased on ade by approximately
30% of their baseline value over the first year with a subsequent plateau. I studies, patients who
h;] I}v

discontinued dimethyl fumarate therapy with lymphocyte counts below t er limit of normal (LLN,
910 cells/mm3) were monitored for recovery of lymphocyte counts to t%N.

Paediatric population

The safety and effectiveness of dimethyl fumarate in paediatric @S was evaluated in a randomised,
open-label, active-controlled (interferon beta-1a) parallel gro%dy in patients with RRMS aged 10 to
less than 18 years of age. One hundred and fifty patients domised to dimethyl fumarate (240
mg twice per day (BID) oral) or interferon beta-1a (30 %nce a week) for 96 weeks. The primary
endpoint was the proportion of patients free of new r@ enlarging T2 hyperintense lesions on brain

magnetic resonance imaging (MRI) scans at week 96. main secondary endpoint was the number of
new or newly enlarging T2 hyperintense lesions o in MRI scans at week 96. Descriptive statistics are
presented as no confirmatory hypothesis was nned for the primary endpoint.

The proportion of patients in the intentio
MRI lesions at week 96 relative to ba
interferon beta-1a group. The mean n

o treat (ITT) population with no new or newly enlarging T2
was 12.8% for dimethyl fumarate versus 2.8% in the
of new or newly enlarging T2 lesions at Week 96 relative to
baseline, adjusted for baseline nu of*T2 lesions and age (ITT population excluding patients without
MRI measurements) was 12.4 forbthyl fumarate and 32.6 for interferon beta-1a.

The probability for clinical rel as 34% in the dimethyl fumarate group and 48% in the interferon
beta-1a group by the end of 96 week open-label study period.

The safety profile in pae ic patients (aged 13 to less than 18 years of age) receiving dimethyl
fumarate was qualitaM consistent with that previously observed in adult patients (see further in the

SmPC). fo
O

2.2. Qua spects
L 4

I,
>
2.2.@ roduction

ished product is presented as gastro-resistant hard capsules containing 120 mg and 240 mg of
difethyl fumarate as active substance.

Other ingredients are:

Capsule content: cellulose microcrystalline, croscarmellose sodium, silica colloidal anhydrous,
magnesium stearate, methacrylic acid and methyl methacrylate copolymer, methacrylic acid and ethyl
acrylate copolymer dispersion, talc, triethyl citrate;
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Capsule shell: gelatin, titanium dioxide (E171), brilliant blue FCF (E133);
Capsule ink: shellac, black iron oxide (E172), propylene glycol, potassium hydroxide.

The product is available in PVC/PE/PVdC/-aluminium blister packs and white HDPE bottle, polypropylene
cap with heat induction sealing, as described in section 6.5 of the SmPC. t

L 4

2.2.2. Active substance %6
2.2.2.1. General Information é

The chemical name of dimethyl fumarate is Dimethyl (E)-butenedioate, (E)-2-bhUtehedioic acid dimethyl
ester corresponding to the molecular formula CsHgO4. It has a relative mole r,fmass of 144.13 g/mol

and the following structure: 0

O
A
NP NP

N

Figure 1: Activertance structure

s elucidated by a combination of the following

The chemical structure of dimethyl fumarag
diffraction (XRPRD), NMR (1H and 13C), MS, and UV

techniques: IR (FTIR and Raman), X-ray pow
spectroscopy, in addition to elemental an&i}

The active substance is a white crystalli der, non-hygroscopic, soluble in acetone and ethyl acetate,
i @Iuble in methanol. It is slightly soluble in aqueous media.

slightly soluble in ethanol and spa&

Dimethyl fumarate is not chi IQZ isomer is possible.

2.2.2.2. ManufactchQacterisation and process controls

Detailed informatio@(he manufacturing of the active substance has been provided in the restricted
part of the ASMR@ndvit was considered satisfactory.

Adequate in- rocess controls are applied during the synthesis. The specifications and control methods
for starti rial and reagents have been presented.

The c risation of the active substance and its impurities are in accordance with the EU guideline
on istry of new active substances.

ehtial and actual impurities were well discussed with regards to their origin and characterised.

The active substance is packaged into PE bag as primary packing, placed inside a PET/AI/PET/LDPE bag
and introduced into carton drum which complies with EC 10/2011 as amended.
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2.2.2.3. Specification(s)

The active substance specification includes tests for: description (visual), Identification (by IR and by
HPLC), sulphated ash (Ph. Eur.), water (KF), assay (HPLC), chromatographic purity (HPLC), residual
solvents (GC), particle size (laser diffraction) and potency (calculation).

anes

are acceptable and in line with ICH Q3A. The limit for residual solvents is in accordance wit

The proposed specification complies with ICH Q3A and Q3C.The proposed limits for related
QE‘)—I Q3C.

The analytical methods used have been adequately described and (non-comﬁ @ methods)
appropriately validated in accordance with the ICH guidelines. Satisfactory inform n regarding the
reference standards used for assay and impurities testing has been presented.

Batch analysis data for commercial size batches of the active substance are vided. The results are
within the specifications and consistent from batch to batch. 0

2.2.2.4. Stability /O

Stability data from production scale batches of active substance fr. he proposed manufacturer stored
in the intended commercial package for up to 60 months under term conditions (25°C / 60% RH)
and for up to six months under accelerated conditions (40°C RH) according to the ICH guidelines

were provided. ?
The following parameters were tested: description, a@ entity, assay, related substances (purity).
The analytical methods used were the same as for rei& and were stability indicating.

At both long term and accelerated conditions ther@vo change to the measured parameters. There are
no trends and there is no impurity found abo@ reporting threshold at any of the measured time-
points.

Photostability testing following the ICH g Sve Q1B was performed. Results on stress conditions (basic,
acid, oxidation, UV, heat) were also pr

The stability results indicate tham active substance manufactured by the proposed supplier is
sufficiently stable. The stabilityé justify the proposed retest period of 60 months when stored in

the proposed container. {

2.2.3. Finished me@nal product

2.2.3.1. Descri, '@f the product and pharmaceutical development
L 4
Dimethyl fun@ Teva 120 mg gastro-resistant capsules, hard, are size 0 capsules with white opaque

body an 5\ aque cap, and marking 'D120' printed in black ink on cap and body.

Dimeth arate Teva 240 mg gastro-resistant capsules, hard, are size 0 capsules with blue opaque
bo @)Iue opaque cap, and marking 'D240' printed in black ink on cap and body.

apsules contain white to off-white round tablets of about 6 mm diameter, plain on both sides.
Each tablet has a weight of about 112 mg, contains 60 mg of active substance, and is coated with gastro-
resistant coating. The 120 mg capsules contain 2 tablets, and the 240-mg capsules contain 4 tablets.

Dimethyl fumarate Teva has been developed to be a generic equivalent to the reference medicinal
product TECFIDERA® (Dimethyl Fumarate delayed-release) capsules, for oral use, manufactured by
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Biogen Netherlands B.V. Consequently, the objective was to prepare a delayed-release product being
essentially similar to the reference medicinal product.

All excipients are well known pharmaceutical ingredients and their quality is compliant with Ph. Eur
standards. There are no novel excipients used in the finished product formulation. The list of excipients
is included in section 6.1 of the SmPC. 8

The choice of excipients in the formulation of dimethyl fumarate delayed release capsules v\@ased on
reference product characteristics/composition, drug-excipient compatibility studies, §@ity for the
manufacturing processes, type of dosage form and on prior experience in the devel t of delayed
release solid oral dosage forms. A summary of the drug-excipient compatibility s i was provided,
and the selection of excipient and their grade was justified. No incompatibilities Qecorded.

The proposed product contains similar excipients as the reference productg ver, in the reference
product also simethicone (30% emulsion), sodium lauryl sulphate and p rbate 80 are used. In
addition to the excipients used by the reference product, the pr product also contains
microcrystalline cellulose. %

Initially, the Quality Target Product Profile (QTPP) was defined (Tabkl) based on the properties of the
active substance, characterisation of the reference product, cofgidgration of the European Reference
Product (ERP) label, and intended patient population. Iden ion of the Critical Quality Attributes
(CQAs) was based on the intended safety and efficacy of t ed product and severity of harm to a
patient resulting from failure to meet the quality attribué the finished product.

Table 1: Finished product Quality Target Product file

QTPP Element | Target Justificafitn,

Dosage form | Capsue ?E BN cqivalence eqirement
Rout_e _of _ Oral Pharmgceutical equ_iv_alenc_e requirement
administration same route of administration)

Dosage design Delayed-Release Capsules ( hbd}z:ﬁzlease design needed to meet

“SPharmacentical equivalence requirement

Dosage strength | 120 mg and 240 mg (same strengths)

Meets bioequivalence cyfcn Bioequivalent requirement to meet the
Pharmacokinetics | ERP — 240 mg (fastin d efficacy and safety requirement of the
studies) A ERP.
Container closure PVC/PEFPVDC/ isiers :_md Suir_able container closur_e system fo
system HDPE bottles withyappropriate achieve the target shglf-hfe _ar.ld to
closure systefl. ensure capsule integrity during shipping
Physical attni Pharmaceutical equivalence
Idenrwl requirement:
Aszay Meeting the same compendial or other
@iﬁmﬂry applicable (quality) standards (ie..
Drug product ion products identity, assay, purity and quality)
quality aftributes ¢ idual solvents

release (less than 10% in
(' 4:1{1 media and rapid release in

\ iffer pH 6.8)
Water content
At least 24 months shelf-life at

room temperature
Capsules to be swallowed whole
and intact. Not to be crushed.

Need for commercial requirement

chewed, or capsule contents be f:ggﬁi;nm is provided in the ERP
sprinkled on food. Can be faken =
with or without food
Alternative
methods of None None are listed in the ERP labeling
administration

ERP: Eropean Reference Product
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The pharmaceutical development focused on those CQAs that could be impacted by a change to the
finished product formulation or manufacturing process. For generic Dimethyl Fumarate DR Capsules,
these CQAs included assay, content uniformity dissolution and degradation products. Also, alcohol-
induced dose dumping was assessed, as the drug release profile in presence of alcohol is critical to

patient safety. c

As dimethyl fumarate is a BCS Class-I molecule, particle size of active substance, dom have
significant effect from dissolution or in-vivo bioequivalence point of view. The particle si e active
substance was chosen on basis of manufacturability, i.e. to achieve a blend with go8 % properties
during compression. {

Based on outcome of preliminary bioequivalence studies as well as manufa u@lity and stability
considerations, mini tablets were selected.

The applicant developed an in-house dissolution method which complies w&.Eur. 2.9.3, except for
the vessel shape, which was adequately justified. The discriminatory p. f the dissolution method
has been demonstrated. %

Results from alcohol induced dose dumping studies are provided. Re%s show that the proposed product
does not release active substance in the presence of alcohol be@ the performance of the reference

product. g

The applicant conducted a bioequivalence study under f@ onditions and a bioequivalence study
under fed conditions to compare the 240 mg test produ@t e 240 mg ERP and presented comparative
dissolution studies between both. Although bio lence was demonstrated in the pivotal
bioequivalence studies, dissolution was a review issue, but any differences were adequately justified by
the applicant. @

After the production of the batch for the b@ivalence study, a manufacturing site transfer was
performed. A strength-based biowaiver been applied for the 120 mg capsule, the justification of
which is based on the following consider@s:

- The 120- and 240-mg str s @re manufactured to the same manufacturing process

- The qualitative compositio he strengths is the same and the composition of the strengths is
quantitatively propor ' as the capsules of both strengths contain identical tablets. The
capsule of strength 240 mg contains 4 tablets while the capsule strength 120 mg contains 2
tablets

- The in vitro disselution profiles of all strengths are similar

- The activ @ance exhibits linear pharmacokinetics over the range of 120 mg to 360 mg
%ﬂe reference SmPC.

accordu\
Due to somer“ability observed in dissolution results, the data supporting the site transfer and the

biowaive ength for the 120 mg was a review issue.
By th of the procedure, the applicant provided dissolution similarity data between the bio batch
an te transfer batches within the same strength (240mg) and to the additional strength (120mg)

o media (pH 1.2 for 2 hours followed by pH 6.8 phosphate buffer for 1 hour (Medium 1) and pH 4.5
acetate buffer for 2 hours followed by pH 6.8 phosphate buffer for 1 hour (Medium 2). Similarity was
concluded using Bootf2BCA in compliance with Q&A 3.11 of the PKWP.

The responses, justifications and additional controls committed by the applicant (implementation of
additional dissolution method, and shortening of the shelf life of the finished product to 24 months) were
considered sufficient to demonstrate that the manufacturing process as applied in both manufacturing

Assessment report
EMA/CHMP/790960/2022 Page 11/67



sites lead to a product with similar dissolution profile, and to support the biowaiver for the 120 mg
strength.

The primary packaging is PVC/PE/PVdC/-aluminium blister packs and white HDPE bottles with
polypropylene cap. The material complies with Ph.Eur. and EC requirements. The choice of theiontainer

closure system has been validated by stability data and is adequate for the intended use of the preduct.
2.2.3.2. Manufacture of the product and process controls N %2

The manufacturing process consists of the following main steps: dispensing(&lending, tablet
compression, coating, encapsulation of the delayed release tablets into empt@sule shells, and
packaging. The process is considered to be a non-standard manufacturing praﬁ\

Scheme 1: Finished product manufacturing process
Bulk hold times are proposed and these are acceptable. 0

Major steps of the manufacturing process have been validated by a numbeF of studies. Process validation
has been performed on commercial-scale batches of Dimethyl Fum e Delayed-Release 60 mg Tablets,
Dimethyl Fumarate Teva 120 mg Capsules and Dimethyl Fumar va 240 mg.

3

&

It has been demonstrated that the manufacturing process i ble of producing finished product of
intended quality in a reproducible manner. The in-proegss“controls are adequate for this type of

manufacturing process and pharmaceutical form. O

%

2.2.3.3. Product specification(s) O

The finished product release specifications i@e appropriate tests for this kind of dosage form:
description (visual), identification (UV, L&C;,Duniformity of dosage units (Ph. Eur., mass variation),
water content (Ph. Eur.), assay and relab stances (UPLC), dissolution (Ph. Eur.), residual solvents

(GC), microbiological quality (Ph. Eur.):e

The proposed release and shelf-lif e€ifications are acceptable. A review issue was raised due to some
variability observed in dissoluti Its. During the procedure, the applicant had adequately proposed
implementing additional coniﬁ r dissolution (additional method) at release and stability, as well as

a shelf-life of 24 months to ess concerns raised during review.
The limits for residua{@ are in accordance with ICH Q3C.
The potential prese lemental impurities in the finished product has been assessed following a risk-

based approach ipali ith the ICH Q3D Guideline for Elemental Impurities. Batch analysis data was
provided, dem ating that each relevant elemental impurity was not detected above 30% of the

respective‘P . Based on the risk assessment and the presented batch data it can be concluded that it
is not nege to include any elemental impurity controls in the finished product specification. The
informat the control of elemental impurities is satisfactory.

n performed considering all suspected and actual root causes in line with the “Questions and

rs for marketing authorisation holders/applicants on the CHMP Opinion for the Article 5(3) of

Regulation (EC) No 726/2004 referral on nitrosamine impurities in human medicinal products”

(EMA/409815/2020) and the “Assessment report- Procedure under Article 5(3) of Regulation EC (No)

726/2004- Nitrosamine impurities in human medicinal products” (EMA/369136/2020). Based on the

information provided, it is accepted that there is no risk of nitrosamine impurities in the active substance
or the related finished product. Therefore, no specific control measures are deemed necessary.

A g k@ssment concerning the potential presence of nitrosamine impurities in the finished product
an§e
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The analytical methods used have been adequately described and appropriately validated in accordance
with the ICH guidelines. Satisfactory information regarding the reference standards used for assay and
impurities testing has been presented.

Batch analysis results are provided for both strengths confirming the consistency of the manufacturing
process and its ability to manufacture to the intended product specification.

2.2.3.4. Stability of the product . %

Stability data from three full-scale batches of finished product of both strengths, a&ding to the ICH
guidelines were provided. The batches of medicinal product are identical to those p @ sed for marketing
and were packed in the primary packaging proposed for marketing. Bracketin implemented for the
HDPE bottle sizes, where only the smallest and largest container sizes are u% is is acceptable.

Samples were tested for description, water content, dissolution, ass@elated substances, and
microbiological quality. The analytical procedures were the same {b’ release and are stability
indicating.

In addition, a photostability study was performed, results of whicwgwonstrated that the product is not
sensitive to light.

The in-use stability study for 180 days at 25°C/60%RH wa ed at the start of shelf-life and after
18 months of storage. Neither show any degradation. ‘6 here is no need to adopt an in-use shelf-
life.

In response to the review issue raised on some vakigbility observed in dissolution results, the applicant
committed to a shelf-life of 24 months. Based or@ilable stability data, the proposed shelf-life of 24
months with no special storage conditions, as@d in the SmMPC (section 6.3 and 6.4), are acceptable.

In accordance with EU GMP guidelines, anyiconfirmed out-of-specification result, or significant negative
trend, should be reported to the Rapporteuryand EMA.

2.2.3.5. Adventitious agents bo

Gelatine obtained from bovin ces is used in the product. Valid TSE CEP from the suppliers of the
gelatine used in the manuf e is provided.
No other excipients d rich)m animal or human origin have been used.
2.2.4. Discussion on chemical, and pharmaceutical aspects

L 4
Information melopment, manufacture and control of the active substance and finished product has
been pr éx a satisfactory manner. A review issue was raised due to some variability observed in
dissolut% ults. During the procedure, the applicant has adequately proposed implementing two
additi ntrols (additional dissolution method at release and stability, as well as a shelf life of 24
m

rall, the results of tests carried out indicate consistency and uniformity of important product quality
characteristics, and these in turn lead to the conclusion that the product should have a satisfactory and
uniform performance in clinical use.
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2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

The quality of this product is considered to be acceptable when used in accordance with the conditions
defined in the SmPC. Physicochemical and biological aspects relevant to the uniform clinical performance
of the product have been investigated and are controlled in a satisfactory way. Data has been sented
to give reassurance on TSE safety. 8

2.2.6. Recommendation(s) for future quality development . %

In the context of the obligation of the MAHSs to take due account of technical and sgi %c progress, the
CHMP recommends the following points for investigation: none. 6

2.3. Non-clinical aspects S’

2.3.1. Introduction

A non-clinical overview on the pharmacology, pharmacokinetics a@:xicology has been provided, which
is based on up-to-date and adequate scientific literature. Themiew justifies why there is no need to
generate additional non-clinical pharmacology, pharmacoki nd toxicology data. The non-clinical
aspects of the SmPC are in line with the SmPC of the r Qe product. The impurity profile has been
discussed and was considered acceptable. 6

Pharmacodynamic, pharmacokinetic and toxicological properties of dimethyl fumarate are well known.
As dimethyl fumarate is a widely used, weII—knmctive substance, the applicant has not provided
additional studies and further studies are not{required. Overview based on literature review is, thus,

appropriate. &

Therefore, the CHMP agreed that no furt(erjﬁon—clinical studies are required.

>

2.3.2. Ecotoxicity/envirc@ental risk assessment

Consumption data were provyi by the applicant. Overall, the introduction of the generic product
Dimethyl fumarate Teva wj e same indication, population and dosage to the market will not lead to
an increase in environme

AN

2.3.3. Discuss@on non-clinical aspects

Xposure.

The CHMP con’ thhat the non-clinical overview on the pre-clinical pharmacology, pharmacokinetics
and toxicolody ispadequate. The application contains an adequate review of published non-clinical data.

The non@\pl sections of the SmPC are identical to that of the reference medicinal product.

.34. Conclusion on the non-clinical aspects

The CHMP concluded that the non-clinical information submitted as part of this application supports the
use of Dimethyl fumarate Teva in the approved indication.
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2.4. Clinical aspects

2.4.1. Introduction

This is an application for gastro-resistant capsule containing Dimethyl fumarate, 240 mg an mg.
To support the marketing authorisation application the applicant conducted one bioequiv study
with cross-over design under fasting conditions and one bioequivalence study with cross-owér design
under fed conditions. Both studies were done with the 240 mg strength. @

0\
The clinical overview on the clinical pharmacology, efficacy and safety is adequateQ{

Relevant for the assessment are the guideline on the investngiQ f bioequivalence
(CPMP/EWP/QWP/1401/98 Rev. 1), guideline on the pharmacokinetic and clipitalevaluation of modified
release dosage forms (EMA/CPMP/EWP/280/96 Rev. 1) and dimethyl fuma% stro-resistant capsule,
120 mg, 240 mg, product-specific bioequivalence guidance (EMA/CHM 15/2017) as well as the
guideline on bioanalytical method validation (EMEA/CHMP/EWP/19221%9 Rev. 1).

No formal scientific advice by the CHMP was given for this medicin&roduct.
GCP aspect

The Clinical trials were performed in accordance with go@l practices (GCP) as claimed by the
applicant

The applicant has provided a statement to the effect?NQnical trials conducted outside the community
were carried out in accordance with the ethical st@rds of Directive 2001/20/EC.

Exemption

A strength based biowaiver has been appli fﬁa additional capsule strength 120 mg based on the in
vivo data of capsule strength 240 mg. KJ tification for the strength based biowaiver is presented

below:
- The strengths are manufaﬁgo the same manufacturing process

- The qualitative composij the strengths is the same and the composition of the strengths is
quantitatively propoﬁ as the capsules of both strengths contain identical tablets. The
capsule of strengQ mg contains 4 tablets while the capsule strength 120 mg contains 2
tablets

- Thein vitro@lition profiles of all strengths are similar
s

tance exhibits linear pharmacokinetics over the range of 120 mg to 360 mg

- The actiQ
L 4
accord'h\ the reference SmPC

240 mg t\ oduct) vs. 120 mg (additional strength) and site transfer

Due to s variability observed in the dissolution results, the data supporting the site transfer and the
biowalver)of strength for the 120 mg was a review issue.

e’end of the procedure, the applicant provided dissolution similarity data between the bio batch
andthe site transfer batches within the same strength (240mg) and to the additional strength (120mg)
in two media (pH 1.2 for 2 hours followed by pH 6.8 phosphate buffer for 1 hour (Medium 1) and pH 4.5
acetate buffer for 2 hours followed by pH 6.8 phosphate buffer for 1 hour (Medium 2). Similarity was
concluded using Bootf2BCA in compliance with Q&A 3.11 of the PKWP.

The responses, justifications and additional controls committed by the applicant (implementation of
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additional dissolution method, and shortening of the shelf life of the finished product to 24 months) were
considered sufficient to demonstrate that the manufacturing process as applied in both manufacturing
sites lead to a product with similar dissolution profile, and to support the biowaiver for the 120 mg
strength.

Tabular overview of clinical studies b

To support the application, the applicant has submitted 2 bioequivalence studies as foIIows@

‘s

Study BE-1752-16 An open labeled, randomized, single dose, full rep@ Crossover,
bioequivalence study of the Dimethyl fumarate delayed-rﬁ capsules, 240
mg in healthy human, adult subjects under fasting

Study BE-1753-16 An open labeled, randomized, single dose, meplicate Crossover,
bioequivalence study of the Dimethyl fumarate d@d—release capsules, 240
mg in healthy human, adult subjects under fe@ itions.

The package of bioequivalence studies complies with the prod specific bioequivalence guidance on
dimethyl fumarate, gastro-resistant capsule, 120 mg and 24 which recommends one single dose
bioequivalence study of subjects under fasting condition BE-1752-16) and one single dose
bioequivalence study of subjects under fed conditions (56 BE-1753-16).

N
O

2.4.2.1. Pharmacokinetics Q

Xo

Study BE-1752-16: An openggbéled, randomized, single dose, full replicate

2.4.2. Clinical pharmacology

crossover, bioequivalence stu the Dimethyl fumarate delayed-release capsules,
240 mg in healthy human, subjects under fasting conditions.

Methods {
e Study desig\

This study was a -label, single-dose, four-period, two-treatment, two-sequence, fully replicated
cross-over bioeguiwalence study under fasting conditions with a washout period of 2 days between the
four perion. i hyl fumarate 240 mg was administered in each period.

FoIIowinb\/ernight fast of at least 10 hours the subject was administered a single dose of the test
produ@ e reference product with 240 ml of water. The subject fasted 4 hours after dosing.

Blo amples were collected pre-dosing (within 60 minutes of dosing) and at 0.500, 0.750, 1.000,
150, 1.500, 1.750, 2.000, 2.250, 2.500, 2.750, 3.000, 3.250, 3.750, 4.000, 4.500, 5.000, 5.500,
6.000, 7.000, 8.000, 10.000 and 12.000 hours post administration of a single dose dimethyl fumarate
240 mg, gastro-resistant capsule with 240 ml of water for the analyses of metabolite monomethyl
fumarate in each period.
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Clinical Phase Dosing

Period 1 August 2017 (60 subjects dosed)
Period 2 August 2017 (60 subjects dosed)
Period 3 August 2017 (59 subjects dosed)
Period 4 August 2017 (57 subjects dosed)

e Test and reference products

The treatments were as follows:

O
Treatment 2 O)®

v
Test product (T) Dimethyl Fumarate Delayed- &se Capsules,
240 mg, Teva GmbH

Tecfidera Gastro—ResistW Capsules, 240
mg, Biogen Idec Ltd. &v
e Population(s) studied 0

Healthy Asian (presumably Indian) male subjects (31.9 years (mean),W¥w0dy mass index (BMI): 23.3
kg/m?2) participated in the study.

Reference product (R)

periods of the study and were included in the statistical and acokinetic analyses of monomethyl

fumarate in line with the protocol. Q

Subjects completed at least two periods with the reference pfo@ received in one of the completed

Drop-outs:

One subject was withdrawn from the study due to acke events (fever, cough without expectoration)
in period 3 before dosing with the reference prod

Two subjects were withdrawn from the study@to adverse events (fever) in period 4 before dosing

with the test product. &

One subject was withdrawn from thes@ue to adverse events (abdominal pain) in period 4 with the

reference product.

ped for the determination of metabolite monomethyl fumarate in human

e Analytical methods

An analytical method was
plasma.

The study samples \ﬁalysed by an LC method with MS/MS detection after solid-phase extractionfor
mthyl fumarate.

the detection of
The method w’a@ and partially validated in human plasma The analytical method for monomethyl
fumarate ig @ally adequately validated (pre-study and within study).

N

° macokinetic Variables

e of assessment of pharmacokinetic parameters:

The'pharmacokinetic and statistical evaluations were performed using Phoenix WinNonlin and PROC GLM
of SAS® in order to make provisions for missing data and is able to deal with unbalanced designs more
properly than the straightforward ANOVA, respectively.

Choice of primary variables and secondary PK variables:

The parameters calculated were AUCp-t, AUCp-00, Crnax, tmax, Kel @and ty,.
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Primary variables: AUCo-t, AUCp-o and Cmax

Linear up/ log down trapezoidal (Linear Interpolation) method was used for AUC calculations, as indicated
in the protocol.

o Statistical methods b

ate. The

ANOVA was performed on the In-transformed AUCo.t, AUCo.o and Cmax of monomethyl
ANOVA model included treatment received, the period at which it was given along wit eqguence in
which each treatment being received and the subject effect (nested within the sequenée). The treatment,
period, sequence and subject effects were set as fixed effects and tested at 5% le @ f significance.

Criteria for conclusion of bioequivalence (full text according to the protocol): Q

Bioequivalence assessment will be based on Monomethyl fumarate pharma x(atic data from the Test
and Reference formulations.

The 90% confidence interval of the Test/Reference geometric mean gatioS for log-transformed Cnax and
AUCo-t of Monomethyl fumarate must fall within 80.00 - 125.00%, (

However, if the true value of within subject co-efficient of variaki @the log-transformed values of Cmax
of the reference product obtained in the current study [i.e., w tification that the obtained estimate

of Swr (within-subject standard deviation of the log-transf values of Cmax Of the reference product)
is reliable, and it is not as a result of outliers] is >30% n the BE acceptance criteria for Cnax can be
widen to a maximum of 69.84%-143.19%. \

The extent of the widening is defined based upon ithin-subject variability seen in the bioequivalence
study using scaled-average-bioequivalence acgdndifig to [U, L] = exp [£k-swr], where U is the upper
limit of the acceptance range, L is the lower limit of the acceptance range, k is the regulatory constant
set to 0.760 and Swr is the within—subje%ndard deviation of the log-transformed values of Cmax Of

the reference product. The table belov@es examples of how different levels of variability lead to
different acceptance limit using metf@pgy.

Table 2: Levels of variability orresponding acceptance limit
Within-Subject CV ver Upper
(%) { Limit Limit
30 Q 80.00 125.00
h
35 m\, 77.23 129.48
\ ¥4

40(\ 74.62 134.02

&

(\\ 72.15 138.59
]

6\.\_15 69.84 143.19

metric mean ratio (GMR) of Test/Reference Product of log-transformed Cmax should lie within the
conwentional acceptance range 80.00 - 125.00% regardless of variability.

The possibility to widen the acceptance criteria based on high intra-subject variability does not apply to
AUC where the acceptance range should remain at 80.00 - 125.00% regardless of variability.
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Results

Table 3: Pharmacokinetic parameters for monomethyl fumarate (non-transformed values)

Test Replicate Test Reference Replicate
Pharmacokine Reference
tic parameter | grithmetic mean | arithmetic mean | arithmetic mean | arithme ean
+ SD + SD + SD - SDn N
3706.67 + 3450.73 + 3681.75 + 37 +
AUC0-t) .
1107.31 1076.26 1101.74 %60
3848.58 = 3528.62 + 3721.91 + 6.35 +
AUC(0-w)
1179.31 1037.63 1106.87 058.80
C 2138.12 £888.50 1949.56 +694.56 2074.80 = 6@ 2200.80 + 771.31
max
2.875 (1.250- | 2,750 (1.000 - 3.000 \&50' 2.750 (1.500 —
Tmax™* 7.000) 5.000)
5.500) 5.000)
AUCo-t area under the plasma concentration-time curve from timle zero to t hours
AUCo- area under the plasma concentration-time curve fron@ ero to infinity
Crax maximum plasma concentration
Trmax time for maximum concentration (* median,

ra
v

Table 4: Statistical analysis for monomethyl fun§hte (In-transformed values)

Pharmacokinetic | Geometric Mean Rati "
parameter Test/Reference onfidence Intervals
AUC0-t) 95.25% 91.41-99.24%
AUC(0-0) 97.00% "~ | 93.05-101.12%
Crnax 92.88% f&l 87.44-98.66%

N7

e Safety data b

A total of 12 adverse events ( ported in the study. The adverse events were considered not related
to the study treatments.

Study BE-1753-}\An open labeled, randomized, single dose, full replicate
crossover, bioe lence study of the Dimethyl fumarate delayed-release capsules,
240 mg in he uman, adult subjects under fed conditions.

L 4

N
Method‘b\o

o @de design
% study was an open-label, single-dose, four-period, two-treatment, two-sequence, fully replicated

cross-over bioequivalence study under fed conditions with a washout period of 2 days between the four
periods. Dimethyl fumarate 240 mg was administered in each period.

Following an overnight fast of at least 10 hours apart from the high calorie, high fat meal (150 kcal from
proteins, 250 kcal from carbohydrates, 555 kcal from fats) that was served 30 minutes prior to dosing
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the subject was administered a single dose of the test product or the reference product with 240 ml of
water. The subject fasted 4 hours after dosing.

Blood samples were collected pre-dosing (within 60 minutes of dosing) and at 1.000, 2.000, 2.500,
3.000, 3.500, 4.000, 4.333, 4.667, 5.000, 5.333, 5.667, 6.000, 6.333, 6.667, 7.000, 8.0 9.000,

10.000, 11.000, 12.000, 14.000, 16.000 and 24.000 hours post administration of a single dos thyl
fumarate 240 mg, gastro-resistant capsule with 240 ml of water for the analyses o bolite
monomethyl fumarate in each period. c
&
Clinical Phase Dosing N7
Period 1 August 2017 (60 subjects dose®),
Period 2 August 2017 (60 subjects dofed)
Period 3 August 2017 (58 subjects gngghf
osed)

Period 4 August 2017 (58 subjg%‘
¢ Test and reference products 0

q

Treatment

Test product (T) Dimethyl Fumarate Delayed-Release Capsules,
240 mg, Teva GmbH

Reference product (R) Tecfidera® ro-Resistant Hard Capsules, 240
mg, Bio C Ltd.

¢ Population(s) studied Q

Healthy Asian (presumably Indian) male subjects (3% rs (mean), BMI: 23.5 kg/m?2) participated in
the study. Subjects completed at least two periods with reference product received in one of the
completed periods of the study and were includ the statistical and pharmacokinetic analyses of
monomethyl fumarate in line with the protocoQ

Drop-outs:

Two subjects were withdrawn from theQe}wainder of study (period 3 and 4) due to adverse events

(vomiting) in period 1 and 2. 0

An analytical method was ped for the determination of metabolite monomethyl fumarate in human
plasma.

e Analytical methods

The study samples Xnalysed by an LC method with MS/MS detection after solid-phase extraction.
for the detection nomethyl fumarate. The method was fully and partially validated in human
plasma. * é

The analyl;ca(nyt od for monomethyl fumarate is generally adequately validated (pre-study and within

study). t\
o @armacokinetic Variables
@of assessment of pharmacokinetic parameters:
The pharmacokinetic and statistical evaluations were performed using Phoenix WinNonlin and PROC GLM

of SAS® in order to make provisions for missing data and is able to deal with unbalanced designs more
properly than the straightforward ANOVA, respectively.
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Linear up/ log down trapezoidal method was used for AUC calculations, as indicated in the protocolChoice
of primary variables and secondary PK variables:

The parameters calculated were AUCo-t, AUCo-w, Crmax, tmax, Kel, ty. and NKe (number of points used in the
calculation of the terminal rate constant). 2

.\@
ANOVA was performed on the In-transformed AUCo.t, AUCp-o and Cmax Of monom fumarate. The
ANOVA model included treatment received, the period at which it was given alo the sequence in

which each treatment being received and the subject effect (nested within th ence). The treatment,
period, sequence and subject effects were set as fixed effects and tested a vel of significance.

Primary variables: AUCy.t, AUCp-» and Cmax

e Statistical methods

Criteria for conclusion of bioequivalence (full text according to the prot

Bioequivalence assessment will be based on Monomethyl fumarate pharmacokinetic data from the Test
and Reference formulations.

The 90% confidence interval of the Test/Reference geometric y atios for log-transformed Cmax and
AUCo-: of Monomethyl fumarate must fall within 80.00 - 12 00

However, if the true value of within subject co-efficient tation of the log-transformed values of Cmax
of the reference product obtained in the current stuoﬁ@with justification that the obtained estimate
of Swr (within-subject standard deviation of the log-transformed values of Cnax of the reference product)
is reliable, and it is not as a result of outliers] is @/o, then the BE acceptance criteria for Cmax can be
widen to a maximum of 69.84%-143.19%.

The extent of the widening is defined baswon the within-subject variability seen in the
bioequivalence study using scaled-average-Bidequivalence according to [U, L] = exp [£k-swr], where U
is the upper limit of the acceptance ra s the lower limit of the acceptance range, k is the regulatory
constant set to 0.760 and Swr is the Within-subject standard deviation of the log-transformed values of
Cmax Of the reference product. The @- e below gives examples of how different levels of variability lead
to different acceptance limit us@nethodology.

Table 5: Levels of vari &y and corresponding acceptance limit

* C¥(%) =100V & —1

Within-Suhject CVE, Lower Upper
(%o Limit Limit
0 80.00 125.00
;\\,5 77.23 129.48
1Y
:’\\I 40 74.62 134.02
\J 45 72.15 138.59
(2,
\ ¥4 >50 69.84 143.19
b

The geometric mean ratio (GMR) of Test/Reference Product of log-transformed Cmax should lie within the
conventional acceptance range 80.00 - 125.00% regardless of variability.
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The possibility to widen the acceptance criteria based on high intra-subject variability does not apply to
AUC where the acceptance range should remain at 80.00 - 125.00% regardless of variability.

Results

Table 6: Pharmacokinetic parameters for monomethyl fumarate (non-transformedxbs)

Pharmac Test Replicate Test Reference Replic
okinetic Ref e
paramet | rithmetic mean arithmetic mean arithmetic mean aﬁtm’etic mean
er + SD + SD + SD
AUC(0-t 4166.80 + 1121.45 | 4026.28 + 958.82 4531.71 + 1011.18 0.52
Nt 907.90
AUC(0-m) 4577.56 4152.95 + 919.08 4660.03 + & 4220.20
° + 2055.98 1084.83 0 +937.58
c 2130.94 2200.96 + 818.03 2321.29 + 2248.85
max + 797.49 776.43 @ + 852.89
T % 5.667 5.333 5.500 5.333
max (3.000-24.000) (2.500-12.000) (3.00 000) (2.500-9.000)
AUCo-t area under the plasma concentration-time curve fron@ zero to t hours
AUCo- area under the plasma concentration-time curve fi ime zero to infinity
Crnax maximum plasma concentration
Tmax time for maximum concentration (* median )

N

Table 7: Statistical analysis for monomethyl marate (In-transformed values)
Pharmacokinetic | Geometric Mean R

Confidence Intervals

parameter Test/Reference
AUC(o-1 94.24% K/ | 91.35-97.21%
AUC(0-w) 97.23% f 93.99-100.58%

Crnax 93.42% 0\‘/ 87.48-99.76%
e Safety data O

A total of 13 adverse ev mild severity were reported in the study. The adverse events were
considered not related to tudy treatments.

AN

2.4.2.2. Pharmac@amics

L 4
No new phar@ namic studies were presented and no such studies are required for this application.

L 4
2.4.3. @\ussion on clinical aspects

Th§ ;@al bioequivalence studies were conducted in line with the product specific guidance
of des

MP/421315/2017) on dimethyl fumarate gastro-resistant capsule, 120 mg and 240 mg in terms

ign, population (healthy subjects), analyte (metabolite monomethyl fumarate) and parameters

(AUCO-t, AUCO- and Cmax) for bioequivalence assessment. According to the guidance mentioned

above pre-treatment of aspirin could be considered in order to reduce the most common adverse flushing

event during fasting conditions. This aspect was not considered. However, the studies confirmed that
flushing was not observed as an adverse event during fasting and fed conditions.
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The test product was compared to an EU reference product under fasting and fed conditions.

The alternative replicate study design is acceptable to demonstrate bioequivalence between the test
product and reference product given the expected high intra-subject CV of Cmax of the latter providing
the possibility of widening the acceptance criterion of Cmax. Widened acceptance criteria yvere not
necessary. The results of bioequivalence studies BE-1752-16 and BE-1753-16 indicate tha test
product is bioequivalent with the EU reference product under fasting and fed conditions as % CI
of the ratio for geometric least square means of log-transformed data of AUCO-t, AUCO- @max for
metabolite monomethyl fumarate of the test product and reference product fall withiﬂ@
acceptance criterion of 80.00-125.00% for subjects in the fasting and fed conditions:

nventional

With regards to the extrapolation of the in vivo data of 240 mg to the additi errength 120 mg,
similarity has been demonstrated for the additional strength. %

The clinical and analytical site of the studies have been inspected by a@ﬁspectorate before. No
triggers for study-specific inspection were considered necessary. @

2.4.4. Conclusions on clinical aspects k

The CHMP considered that this application contains an adequ @lew of published clinical data.
Bioequivalence has been shown between the test produc@i reference product in subjects under
fasting conditions (study BE-1752-16) and in subjects fed conditions (study BE-1753-16) in line
with the product-specific bioequivalence guidance (E P/421315/2017) for dimethyl fumarate 120
mg, 240 mg, gastro-resistant capsule.

The results of studies BE-1752-16 and BE-1753; ch 240 mg formulation can be extrapolated to the
additional strength 120 mg according to nditions in the Guideline on the Investigation of
Bioequivalence CPMP/EWP/QWP/1401/9 v.1, section 4.1.6 as the similarity has been demonstrated
between the 240 mg and the 120 mg st%?ﬁ.

2.5. Risk Management Plb0

2.5.1. Safety concernﬁ

Table 8: Summary of sa concerns
Summary of safet\merns

v

Important identified%isk

n

Progressive Multifocal Leukoencephalopathy (PML)
Decreases in leukocyte and lymphocyte counts

f\_ Drug-induced liver injury
Import .Wtial risks Serious and opportunistic infections (other than PML and herpes
: } zoster)

Malignancies

SQ Effects on pregnancy outcome

Interaction with nephrotoxic medications leading to renal toxicity

-
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Summary of safety concerns

Missing information Long term efficacy and safety

Safety profile in patients over the age of 55 years

Safety profile in patients with moderate to severe renal impairment
Safety profile in patients with hepatic impairment Db
Safety profile in patients with severe active GI disease

Increased risk of infection in patients concomitantl g anti-
neoplastic or immunosuppressive therapies t\‘

2.5.2. Pharmacovigilance plan

2.5.3. Risk minimisation measures

No additional pharmacovigilance activities. &

The safety information in the proposed product information is aligneQ) the reference medicinal product,
which is considered adequate. @

No additional risk minimisation measures are considered war@, in line with the reference product.

The proposed risk minimisation measures are sufficient inimise the risks of the product in the
approved indication(s). \O
2.5.4. Conclusion O

The CHMP and PRAC considered that the risk @gement plan version 1.3 is acceptable.

2.6. Pharmacovigilance (J

2.6.1. Pharmacovigilan Qstem

The CHMP considered that thﬁwarmacovigilance system summary submitted by the applicant fulfils the
requirements of Article 8(, irective 2001/83/EC.

2.6.2. Periodi ty Update Reports submission requirements

The requirem t@submission of periodic safety update reports for this medicinal product are set out
in the list of LgoJ eference dates (EURD list) provided for under Article 107¢c(7) of Directive 2001/83/EC
and any ’D\ ent updates published on the European medicines web-portal.

For di fumarate, PSURs are currently not required for products referred to in Articles 10(1), 10a,
16 o@ﬁctive 2001/83/EC as amended.

2.7, Product information

2.7.1. User consultation

No full user consultation with target patient groups on the package leaflet has been performed on the
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basis of a bridging report making reference to the leaflet for "Dimethyl Fumarate Teva 120mg Gastro-
resistant capsules hard and Dimethyl Fumarate Teva 240mg Gastro-resistant capsules, hard” and the

leaflet for “Rosuvastatin/Ezetimibe 5mg/10mg, Rosuvastatin/Ezetimibe 10mg/10mg,
Rosuvastatin/Ezetimibe 20mg/10mg, Rosuvastatin/Ezetimibe 40mg/10mg”. The bridging report
submitted by the applicant has been found acceptable. b
3. Benefit-risk balance %Q/

2 4

This application concerns a generic version of Dimethyl Fumarate Gastro-resistant hes, hard 120
mg and 240 mg. The reference product Tecifidera is indicated for the treatment @Iult patients with
relapsing remitting multiple sclerosis.

This application contains an adequate review of published clinical data. Bio M ence has been shown
between the test product and EU reference product in subjects under fasting conditions (study BE-1752-
16) and in subjects under fed conditions (study BE-1753-16) in/& with the product-specific
bioequivalence guidance (EMA/CHMP/421315/2017) for dimethyl fumarate 120 mg, 240 mg, gastro-
resistant capsule.

additional strength 120 mg according to conditions in Guideline on the Investigation of
Bioequivalence CPMP/EWP/QWP/1401/98 Rev.1, section 4@\35 the similarity has been demonstrated
between the 240 mg and the 120 mg strength.

The results of studies BE-1752-16 and BE-1753-16 with 240 Ezﬁulation can be extrapolated to the

The non-clinical overview on the pre-clinical pharmacology, pharmacokinetics and toxicology is adequate.
The application contains an adequate review of pl@hed non-clinical data.

The quality of this product is considered acceptabl&when used in accordance with the conditions defined
in the SmPC. Physicochemical and biological aspécts relevant to the uniform clinical performance of the
product have been investigated and ar olled in a satisfactory way. Data has been presented to

give reassurance on viral/TSE safety0

The RMP version 1.3 is acceptableb

4. Recommendat‘QQ
Outcome Q

Based on the CHMP Xw of data on quality, safety and efficacy, the CHMP considers by consensus
@risk balance of Dimethyl fumarate Teva is favourable in the following indication:

decision that the
Dimethyl fumagh Teva is indicated for the treatment of adult and paediatric patients aged 13 years
refapsing remitting multiple sclerosis (RRMS).

and older wi g
The CHMP" ore recommends the granting of the marketing authorisation subject to the following
conditio%:>

Co d@s or restrictions regarding supply and use

inal product subject to restricted medical prescription (see Annex I: Summary of Product
Characteristics, section 4.2).

Other conditions and requirements of the marketing authorisation
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® Periodic Safety Update Reports

The requirements for submission of periodic safety update reports for this medicinal product are set out

in the list of Union reference dates (EURD list) provided for under Article 107c(7) of Directive 2001/83/EC

and any subsequent updates published on the European medicines web-portal. t

Conditions or restrictions with regard to the safe and effective use of the medicin@ uct
e Risk Management Plan (RMP) " %

The marketing authorisation holder (MAH) shall perform the required pharmacovigil }activities and
interventions detailed in the agreed RMP presented in Module 1.8.2 of the market@a thorisation and

any agreed subsequent updates of the RMP. Q
An updated RMP should be submitted: &
e At the request of the European Medicines Agency; 0

¢ Whenever the risk management system is modified, especially he result of new information
being received that may lead to a significant change to th€ benefit/risk profile or as the result
of an important (pharmacovigilance or risk minimisatior@ stone being reached.
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5. Appendix: CHMP Opinion on the ad hoc assessment relating
to the therapeutic effect of monoethyl fumarate salts (MEF)

within Fumaderm

5.1. CHMP ad hoc Assessment Report, as adopted on 11 November@

Assessmen t report
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EMA/CHMP/883098/2022

CHMP Assessment Report
Ad hoc assessment relating to the therapeutic effect of monoethyl @‘ate

salts (MEF) within Fumaderm . %
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1. Background information

On 9 August 1994, the German National Competent Authority (the Bundesinstitut fiir Arzneimittel und
Medizinprodukte; “BfArM") granted two marketing authorisations for two strengths of a combination
medicinal product known as Fumaderm (comprised of the active substances monoethyl fumarate salts
(“"MEF") and dimethyl fumarate ("DMF")), for the treatment of psoriasis. On 13 June 2013, the beting
authorisations for Fumaderm were renewed. The marketing authorisations (*"MA”) are held Biogen
group of companies.3

L 4
Fumaderm was authorised for the treatment of psoriasis in two strengths: (i) Fumad%\]itial contains
30 mg of DMF, 67 mg of calcium MEF salt, 5 mg of magnesium MEF salt and of zinc MEF salt
(“Fumaderm initial”); and (ii) Fumaderm contains 120 mg of DMF, 87 mg of MEF salt, 5 mg of
magnesium MEF salt and 3 mg of zinc MEF salt ("Fumaderm”). The ternﬁ6 aderm” will be used

throughout the assessment report to refer indistinctively to both marketin@ risations.

On 30 January 2014, the European Commission granted a marketing a“bisation (“"MA") to the Biogen
group of companies for the medicinal product Tecfidera (comprised of*the active substance DMF).4
Tecfidera is authorised for the treatment of adult patients with rela&\g remitting multiple sclerosis.

marketing authorisation ("GMA") as the previously authorised jnation medicinal product Fumaderm.
This was based on the conclusion (reached during thedassessment of the marketing authorisation
application ("MAA") for Tecfidera) that MEF and DMF@ oth active and are not the same active
substance, since they do not contain the same therap moiety.

Recital 3 of the Commission decision for Tecfidera stated that Tz@a is not covered by the same global

On 27 June 2018, Pharmaceutical Works PoIpharn‘QDolpharma”) submitted a MAA for a generic version
of Tecfidera pursuant to Article 10(1) of Directi 1/83/EC. By its decision of 30 July 2018, the EMA
refused to validate Polpharma’s application o& basis that Tecfidera was still subject to regulatory
data protection. On 9 October 2018, PolpAdrma initiated court proceedings by submitting an application
for annulment against EMA'’s decision to fot validate its MAA. Polpharma also submitted a plea of illegality
against Recital 3 of the Commission@ n for Tecfidera that concluded that Tecfidera is entitled to a
separate GMA to that of Fumader

On 23 July 2020, Mylan Irelang™njmited (“Mylan”) submitted a MAA for a generic version of Tecfidera
pursuant to Article 10(1) of Bi ve 2001/83/EC. By its decision of 1 October 2020, EMA refused to
validate Mylan’s applicatio 28 October 2020, Mylan commenced court proceedings by submitting
an application for annulm gainst EMA’s decision to not validate its application, as well as a plea of

illegality against Recit of the Commission decision for Tecfidera.®

By its Judgment @y 2021, the General Court annulled EMA’s decision to not validate Polpharma’s
MAA and conal at the plea of illegality against the Commission decision for Tecfidera should be
upheld. The éal Court held that the Commission was not entitled to conclude that Tecfidera was
covered ? ifferent GMA to that of Fumaderm, without verifying or requesting the CHMP to verify
whether f necessary, how the BfArM had assessed the role of MEF within Fumaderm, or without
reque e CHMP to verify the role played by MEF within Fumaderm.”

"

g

3 For the purpose of the present report, Biogen Netherlands N.V and Biogen GmbH may be referred to as the Biogen
group of companies.

4 In this respect, see: Commission Implementing Decision of 30.01.2014 granting marketing authorisation under
Regulation (EC) No 726/2004 of the European Parliament and of the Council for "Tecfidera - Dimethyl fumarate", a
medicinal product for human use”.

5 In this respect, see: Case T-611/18, Pharmaceutical Works Polpharma v EMA.

6 In this respect, see: Case T-703/20, Mylan Ireland v EMA.

In this respect, see: paragraph 282 of the Judgment in Case T-611/18.
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On 2 June 2021, Biogen submitted a type II variation application for the medicinal product Tecfidera,
seeking at the same time the extension of the marketing protection of Tecfidera by one year (further to
Article 14(11) of Regulation (EC) No 726/2004).

For the purpose of the implementation of the Judgment of the General Court of 5 May 2021 ig
611/18, Pharmaceutical Works Polpharma v EMA, and in connection to the above-mentio @ hree
pending applications before the CHMP which concern DMF (two MAAs for a generic version r" ctfidera;
and a type II variation for Tecfidera), the CHMP is being asked to examine whether ME

clinically relevant therapeutic contribution within Fumaderm. ¢ %

N
In that connection, it may be pointed out that in the situation whereby the Genera g’t annuls an act
of an institution or body, it is required, in accordance with Article 266 of the Tr 6\ the Functioning
of the European Union, to take measures necessary to comply with that judg t*The present ad hoc
assessment is considered to conform to that requirement in view of the parti indings of the General
Court in Case T-611/18.

In light of the above, the objective of this assessment is to support the a@ﬁination as regards whether
Tecfidera is covered by the same GMA as Fumaderm within th€ meaning of Article 6(1), second
subparagraph, of Directive 2001/83/EC. @

2. Assessment QQ
2.1. Introduction \

The aim of this assessment report (“AR") is Qamine whether MEF exerts a clinically relevant
therapeutic contribution within Fumaderm.

This AR is based on the original publicatio f,the studies mentioned below. This AR has taken account
of the European Public Assessment Repokts ("EPARs”) for Tecfidera and Skilarence and the responses to
the LoQ, sent to the EMA by the foll@interested entities:

- German National Competent ority (the Bundesinstitut fiir Arzneimittel und Medizinprodukte;

BfArM) O
- Biogen Netherlands B, {
- Mylan Ireland Li itedQ
- Pharmaceutical’&% Polpharma

In addition, thg sessment has taken account of an unsolicited submission from another company.
As indicated @, two strengths of Fumaderm were granted marketing authorisations as combination

medicin s on 9 August 1994. Those marketing authorisations came into force in Germany on

F are esters of fumaric acid. DMF is pre-systemically hydrolysed by ubiquitous esterases to
active metabolite monomethyl fumarate (MMF), which is further degraded to fumaric acid (FA).
ise, MEF is metabolised by esterases to FA.

Two types of Fumaderm have been licensed in Germany, which serve for titration during the initial three
weeks of treatment (“"Fumaderm initial magensaftresistente Tabletten fiir Erwachsene”, German MA
number 27561.00.00) and in the subsequent weeks including maintenance of therapy (“Fumaderm
magensaftresistente Tabletten fiir Erwachsene”, German MA number 27561.01.00; hereafter referred to
as Fumaderm).
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The following table compares the composition of the two authorised Fumaderm products:

Table 1: Composition of DMF and MEF in the two German Fumaderm medicinal products

Active substances Fumaderm initial Fumaderm

DMF 30 mg 120 mg A
. N~ 4

MEF, calcium salt 67 mg 87 mg @|

MEF, magnesium salt 5mg 5mg CAa

MEF, zinc salt 3 mg 3 mg {\v/

Fumaderm initial (30 mg) is the starting dose, which is increased week by w ;prove tolerability,
particularly to decrease gastrointestinal side-effects, and Fumaderm (120 mgyfis the higher-dosed tablet
which is applied starting from week 4. The maximum dose of Fumaderm is g/day. The appropriate

dose for most patients is 240-480 mg/day. Current German guidelines mend a gradual increase
in fumaric acid ester (FAE) dosage to determine optimal efficacy and to@ility for each patient.

Currently, two medicinal products containing DMF as gastro-resista&ablets are approved for psoriasis:
Fumaderm, a fixed combination of DMF + MEF salts, and Skilare@[which contains only DMF.

To support the Fumaderm MA, a randomised, multi—cen@ouble—blind study was submitted
comparing Fumaderm to placebo (Altmeyer et al., 1994).

Skilarence (EMEA/H/C/2157), MA holder Almirall S. @approved on 21 April 2017 in a centralised
procedure via Article 8(3) of Directive 2001/83/EC - full'mixed application. The applicant indicated that
DMF was considered to be a known active substa@

The only active substance in Skilarence is DM mg and 120 mg) and the DMF content is exactly the
same as in Fumaderm initial and Fumaderm respectively. As part of the MAA for Skilarence, a pivotal
phase III study comparing Skilarence to erm and placebo had been submitted.

Tecfidera, 120 mg and 240 mg, gast@ istant hard capsules, which contains only the active substance
DMF, has been approved for the tﬁ nt of adult patients with relapsing remitting multiple sclerosis.
The legal basis for this MAA referr Article 8(3) of Directive No 2001/83/EC (full mixed application).
The clinical development pro e consisted of one phase II placebo controlled study (Study C1900)
and two phase III studies {e placebo controlled (Study 109MS301) and one placebo and active
controlled - glatiramer ac (Study 109MS302). In addition interim data from an ongoing extension
study of the 2 phase QQtu 2s (Study 109MS303) were provided (Tecfidera, EPAR).

2.2. Assess of the therapeutic contribution of MEF within Fumaderm
L 4

N

2.2.1. N linical aspects

Pharmé&eodVnamic activities of fumaric acid esters in relation to psoriasis

ime of assessment of the MAA of Fumaderm in Germany, the mechanism of action of its DMF and

active substances was largely unknown considering also that relevant animal models reflecting

human psoriasis were not available. For this reason, presumptive pharmacodynamic effects of these FAE

were solely based on clinical experience in psoriasis patients and experimental findings gained in

pertinent cell culture systems in vitro, which were subsequently complemented by published scientific
reports as further delineated below.
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Early publications had described the concentration-dependent inhibition of nucleic acid synthesis at
>10 pg/ml MEF in cultures of activated lymphocytes from healthy human subjects (Petres et al., 1975;
Hagedorn et al., 1975). Based on these findings, another in vitro screen submitted during MAA of
Fumaderm compared the activities of DMF and the calcium, magnesium and zinc salts of MEF on
fibroblasts prepared from healthy as well as from uninvolved and involved psoriatic human skin rheim
et al., 1990). As fumarate is endogenously synthesised from succinate by succinate deh oﬁnase
(SUDH) in the citric acid cycle, the impact of the various FAEs was determined by means @ccinate

dehydrogenase activity in the different fibroblast preparations. .

3

Compared to fibroblasts from healthy subjects, the basal SUDH activity was about 2- -fold higher in
uninvolved psoriatic fibroblasts, which additionally showed pronounced inter-indivi@ variability (n=6-
8 cultures of 5 different donors, respectively). When fibroblast preparatkmgg uninvolved and
involved skin from the same psoriasis patient were analysed, the SUDH acti% s approximately 2.8-
or 3.4-fold lower in the involved compared to uninvolved skin (n=2). Consequefitly, the influence of the
various FAE on absolute SUDH activity in fibroblasts from the three sour not be directly compared.
Instead, the comparison of relative magnitudes of the stimulatory/i%ory effects in healthy and
uninvolved psoriatic skin is more meaningful as depicted in Table

In fibroblasts derived from healthy skin, SUDH activity was inhib@t low concentrations of FAE, but a
concentration-dependent stimulation was noted at >0.03 mE%DMF (Table 2). SUDH activation was
lower at 20.3mEq./l for MMF and MEFs. In contrast, FA wa nactive, which coincides with its poor
penetration across cellular membranes (Nieboer et al.,

In fibroblasts from uninvolved psoriatic skin, the sti on of SUDH generally prevailed for all FAEs
(Table 2). As in healthy skin, DMF and MMF revealed higher SUDH stimulation in uninvolved psoriatic
skin than the MEF salts, but the magnitude of t?‘étivation was more pronounced (Table 2). Among
MEF salts, calcium-MEF induced higher SUDH{activity compared to the zinc and magnesium salts. Of
note, the strongest SUDH stimulation was, already evident at 0.03 mEq./I of all FAE, but declined at
higher concentrations, which suggests a ive feedback effect of the accumulating fumarate leading
to the inhibition of cellular proliferati§}o blockade of the citric acid cycle.

@b

R

&
é}(\
&>
o
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Table 2: Effects of various FAE on relative SUDH activity in fibroblasts from healthy or
uninvolved psoriatic skin

EAE Concentration [mEq./I]

0.0003 | 0.003 0.03 0.15 0.3 075 | 15
Fibroblasts from healthy skin g
DMF -41 -28 +38 +117 +102 +838
MMF +9 -13 -15 -33 +5 +2 NGB0
Ca-MEF -42 +3 -6 -41 +1 -13 ) +53
Zn-MEF -30 -21 -9 -37 +48 +10%_ | +59
Mg-MEF -45 -37 -32 -37 -51 4 ) | +30
FA 5 -6 5 +15 26 WO\ -6
Fibroblasts from uninvolved psoriatic skin &\
DMF +1 -1 +295 +26 +21 o ) +74 +128
MMF +6 +160 +312 +80 +1TN | +112 +198
Ca-MEF +40 +39 +147 +8 107 | +105 +135
Zn-MEF +6 -19 +130 -14 ,,(411 +68 +45
Mg-MEF -56 -19 -20 +1 A A5 -23 +37

+ = % stimulation; - = % inhibition; FA = fumaric acid; FAE = fu w ester; DMF = dimethyl fumarate; MEF =
monoethyl fumarate; MMF = monomethyl fumarate; n=6-8 cult@f different donors each; adapted from the

study of Sarheim BS et al., 1990.

The comparison of SUDH stimulation in fibroblasts fr :ﬂninvolved and involved psoriatic skin of the
same patient was limited to the strongest activat i.e. DMF and Ca-MEF (Table 3). DMF significantly
activated SUDH function at low concentration >0.03 mEq./l in uninvolved skin, whereas the

magnitude of the stimulation was comparabt? higher levels. In contrast, Ca-MEF did not induce
relevant SUDH activation in fibroblasts of jnwolved compared to the clear concentration-dependent effect
in uninvolved psoriatic skin (Table 3). TK&MF and MEF apparently exert different grades of SUDH
stimulation in skin fibroblasts with hi%QUDH activity in psoriasis patients than in healthy subjects.

Table 3: Effects of DMF an QIEF on SUDH activity in fibroblasts from uninvolved and
involved psoriatic

FAE Psoriatic ncentration [mEq./I1]
skin < .0003 | 0.003 | 0.03 0.15 0.3 0.75 1.5
oME Uninvolved | +70 -20 +194 | +115 | +329 | +666 | +700
Invol | -14 -13 +47 +463 +326 +640 +958
Uninvelved +43 +84 +69 +128 +179 +76 +1369
Ca-MEF [-*
Amgled | -11 -10 +16 -2 +4 -21 -1

fumarate; soriasis patients; adapted from the study of Sarheim BS et al., 1990.

*
+=% W; - = % inhibition; FAE = fumaric acid ester; DMF = dimethyl fumarate; MEF = monoethyl

%with these findings, DMF and the different MEF salts but not fumaric acid interfered with
profiferation of immortal HaCaT keratinocytes as determined by inhibition of DNA and protein synthesis
(Sebok et al., 1994). DMF was the most potent anti-proliferative agent at all test concentrations
>0.4 uM, while Ca-MEF, Zn-MEF and Mg-MEF were less active at >1.3 uyM, =235 uM and =35 uM,
respectively. Accordingly, ICso values for blockade of DNA and protein synthesis of 2.3 and 2.5 uM DMF,
133 pM and 145 pM Zn-MEF, 215 and 230 yM Ca-MEF, 275 yM and 270 uM Mg-MEF were derived. All
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FAE exerted significant cytotoxicity as measured by release of lactate dehydrogenase (LDH) of 212 uM
DMF and Ca-MEF or 235 yM Zn-MEF or Mg-MEF each.

Subsequently, the same group reported that DMF significantly suppressed the expression of Intercellular
Adhesion Molecule 1 (ICAM-1) at 24 yM and of the Human Leukocyte Antigen-DR (HLA-DR) on
hyperproliferative HaCaT keratinocytes at 1.3 pM, i.e. two markers that are thought to induce cyte
accumulation within psoriatic plaques (Sebdk et al., 1998). In contrast, higher concentrati 6 UM
Ca-, Zn- or Mg-MEF salts were required for ICAM-1 and HLA-DR down-regulation in HaCaT, ceﬁ%ocytes,
while FA was ineffective. In normal human keratinocytes, even DMF concentrations uﬁ& MM did not
inhibit ICAM-1 and HLA-DR expression. {

Another in vitro study indicated that DMF, MMF and MEF (not as salt with metal
but transient increase of calcium in cultures of normal human keratinoc
transformed immortal keratinocytes (SVK-14 cells) as measured spec ometrically with the
calcium-binding fluorescent dye Fura-2 (Thio etal., 1994). Maxim Icium elevations were
determined after 10 sec, were greater in normal compared to transfor@keratinocytes and returned
to basal levels within 90 to 120 sec. These calcium elevations were not cked by pre-incubation with
the bivalent cation chelator ethylenglycol-bis(aminoethylether N,N’,N’-tetraacetic acid (EGTA)
suggesting calcium release from intracellular stores. The calciumf{isficpease was concentration-dependent
and reached its maximum at 0.2 mM MMF, 0.4 mM DMF an mM MEF. Among the three FAE, the
potency was MMF >DMF >MEF. In gross concordance wi orementioned results of Sebdk and
colleagues (1994), higher concentrations of =210 uM D 00 uM MMF or MEF, but not fumaric acid,
were found to inhibit the proliferation of both types ftinocytes. Contrary to Sebok et al. (1994),
however, no direct cytotoxicity was observed by me:kf LDH increase at concentrations up to 0.2 mM
DMF and 0.8 mM MMF or MEF. O

) induced a rapid
r simian virus 40-

Thus, DMF was clearly more potent than the F Salts to inhibit the proliferation of keratinocytes.

Pharmacodynamic activity of MEF comDar@Qg DMF and MMF

In the dossier for the MAA of Tecfider GW was shown to activate the ubiquitous transcription factor
"Nuclear factor erythroid 2-relate %2” (Nrf2) in primary cells of mice, rats and humans. Nrf2
regulates cellular antioxidant def echanisms. Under normal conditions, Nrf2 is repressed due to
its interaction with “"Kelch-like oid cell-derived protein with CNC homology-associated protein 1”
(Keap 1), which leads to proﬂ al degradation of Nrf2 in the cytoplasm. DMF and its primary active
metabolite mono-methyl te (MMF) both directly alkylate Keap 1, thereby releasing Nrf 2 from
Keap 1 repression. Nrf 2 t translocates into the nucleus, where it activates expression of antioxidant
and stress-associated es by binding to the ARE sequence within their promoter regions (e.g. NADPH
dehydrogenase qui 1 (NQO1), glutathione reductase and aldo-keto reductase family 1 member B8
(Akr1b8)). This pfotection against oxidative stress was evident in astrocytes by increased cellular redox
and mitochon embrane potentials, elevated glutathione and ATP levels and resistance against H,0>
treatment,

N

In vivo, -dependent induction of Nrf2 target genes by DMF was shown in mice (NQO1 in lymphoid

Akrlb8 in gastrointestinal tissues). The dependency of oxidative protection on Nrf2 was
by silencing of Nrf2 transcription with specific siRNA and in vivo by the lack of a
codynamic response in Nrf2/- knockout mice. Furthermore, DMF dose-dependently improved
disease symptoms (demyelination and cell degeneration) and functional abilities in the EAE model of MS
in rats. In addition, DMF significantly diminished excitotoxic lesions and improved neuronal survival as
well as functional outcome evoked by the mitochondrial toxicant malonate in rats.

Moreover, DMF and MMF demonstrated anti-inflammatory activity by the suppression of
lipopolysaccharide-mediated induction of inflammatory cytokines in vitro (TNFo, IL1B, CXCL10, CCL4).
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This anti-inflammatory effect relied on Nrf2 at low levels of DMF or MMF, but became independent at
high concentrations, which was apparent in macrophages prepared from WT and Nrf2/- mice. DMF also
reduced pro-inflammatory cytokines in a collagen-induced arthritis model in rats and interfered with
activation of astrocytes, microglia and macrophages as well as T-cell infiltration in an EAE model in rats.
Thus, the apparent contribution of Nrf2-dependent and independent transcriptional regulatigh,to the
anti-inflammatory activities of DMF remains to be completely unravelled. b

In investigations provided under the MAA of Tecfidera, MEF salts were tested in the range Q pg/ml,
which encompasses its known peak plasma concentrations in humans. Of note, the me 'O%hax of MEF
in psoriasis patients receiving two tablets of Fumaderm was 5.2 uM, which equateﬁ% pproximately
0.75 pg/ml (Rostami-Yazdi et al., 2010). However, plasma concentrations may not@/rately reflect the
exposure to MEF in certain tissues and locally in the intestinal mucosa, whic e expected to be
much higher based on the site of absorption. Consequently, higher MEF con% ions were also tested

in vitro. 0

In all non-clinical investigations, the ratio of the calcium, magnesium, inc salts of MEF was 87:5:3
Ca-MEF, Mg-MEF, Zn-MEF, respectively, based on molecular weight. Thi flects the ratio of these MEF
salts in Fumaderm.

Overall, non-clinical results to corroborate a pharmacological @of MEF indicate the following:
ixture of the three MEF salts induce

1.) The individual calcium, magnesium and zinc salts of M
Nrf2 in COS-1 cells in vitro.

The individual MEF salts, the free acid of MEF, DNQ:I MMF similarly increase Nrf2 concentrations
as analysed by Western blotting, whereas FA was ineffective (Figure 1).

Figure 2: MEF salts increase Nrf2 protein i 1 cells
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COS-1 cells were tre ith 9 pg/ml of individual calcium, magnesium or zinc salts of MEF, with a mixture of MEF salts, the free acid
form of MEF, DMF¥ FA or the vehicle control DMSO (boxed in red) to illustrate the basal Nrf2 level. Cells were harvested after
24 h and extract %sed by Western blot with antibodies against Nrf2 or actin (loading control). Densitometry of Western blot
signals revea‘s afl approximate 5-fold increase in Nrf2 in samples treated with FAE compared to the vehicle control.

2.) ixture of calcium, magnesium and zinc salts of MEF covalently modifies Keapl at Cys151
vitro.

ollowing incubation of transfected HEK293 cells with a mixture of the calcium, magnesium and zinc
salts of MEF, the modification of Keap 1 was analysed by liquid chromatography and mass
spectrometry (Figure 2). The same modification of Keap 1 at Cysl51 had been previously
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demonstrated for DMF and MMF. As known for DMF, MEF is, hence, able to release Nrf2 from
constitutive Keap 1 repression.

Figure 3: The mixture of MEF salts modifies Keap 1 at Cys151
407
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HEK?293 cells were transfected with Keap1 and subsequently treated with either DMSO ntrol) or 3 or 6 pg/ml of calcium, magnesium
and zinc salts of MEF. Keaplwas immunopurified, fractioned by gel electrophoresis en excised from the gel. The gel slice was
reduced by DTT, alkylated by iodoacetamide, digested with trypsin, and then deg| ated with PNGaseF. Resultant peptide pools
were separated on a Dionex C18 column and analysed on a Thermo Fisher LT ra Hybrid mass spectrometer. SpectrumMill
software was used to identify Keapl peptides and cysteine modifications. Th ntage of peptides containing a modification on
Cys151 corresponding to the molecular weight of MEF was determined and is on the Y-axis. Box-whisker plots demonstrate
the means, quartiles, and max-min of quadruplicate determinations from t@ar e studies.

O

3.) The mixture of calcium, magnesium, and zinc sahf MEF concentration-dependently induces Nrf2-
related gene expression in human astrocytes@itro.

The transcriptional profiles obtained for ixture of MEF salts differed for the individual genes:
at a concentration of >3 pg/ml, thegi:;e oxin reductase 1 (Trxnd 1) response plateaued, while
the slope (degree of relative increas ADPH dehydrogenase quinone 1 (NQO1) and sulfiredoxin
1 (Srxn1) responses decreased ( CJB). In contrast, responses for haeme oxygenase-1 (HO-1),
oxidative stress-induced gro %&tor 1 (Osgin 1) and glutamate-cysteine ligase catalytic subunit
(Gclc) exhibited a linear inc across the entire concentration range. These differential gene
responses suggest that ad nal regulatory processes also govern expression or stability of these
transcripts. Moreover, th@ rmacological activity of the MEF salts appears to reside within the FAE

R
0
>
>
Q

a response.

CHMP Assessment Report
EMA/CHMP/883098/2022 Page 38/67



Figure 4: The mixture of MEF salts induces Nrf2-dependent gene expression
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Human astrocytes were treated with a mj f calcium, magnesium and zinc salts of MEF or fumaric acid. Transcriptional changes
were evaluated by RT-PCR 24 h after r’@nt. (A) Ngo1l, (B) HO-1, (C) Osgin 1, (D) Trxnd1, (E) (Gclc), (F) sulfiredoxin 1 (Srxn1l).
Responses have been normalised as,a f hange relative to DMSO controls for each gene and probe set. Graph points represent
averages of triplicate determinatio or bars represent standard deviations. Dotted line represents the basal level of transcription
for each gene as assessed in vehj ated cells, normalised to “1”.

AN

4.) The mixture of@m, magnesium, and zinc salts of MEF modulated tissue-specific gene expression

in vivo. Q

TransEri iondl profiling revealed that the MEF salts significantly modified transcript levels in blood
and I\ ined tissues of mice (brain, inguinal lymph node (ILN), mesenteric lymph node (MLN),
kid jejunum and spleen) with the most prominent response in the kidney (Figure 4). MEF

e@ure in plasma and tissues was verified in a separate cohorts of animals.
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Figure 5: The mixture of MEF salts significantly modulates tissue-specific transcription
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C57BI/6 mice received single or repeated oral doses of 79.2 mg/kg MEF salts for (equivalent to 100 mg/kg DMF). Fumaric
acid was not tested due to its lack of activity in previous investigations in vitro (see )- Transcriptional responses were evaluated
by Affymetrix microarrays at 6 and 12 h after a single dose, and 12 h after the following 10 consecutive days of once daily

dosing (multiple dosing = MD).

Most recently, gene expression profiles were reporte
100 mg/kg DMF, a total dose of 79 mg/kg of the calci
the DMF/MEF combination for 10 days in mice (Wipke

ing repeated oral administration of
agnesium and zinc salt mixture of MEF or
., 2021). The analyses were performed 12 h

after the final dose and used Affymetrix microa analyses that included tissues with preferential
distribution of MMF and MEF (Figure 6). The expr of 487 genes was specifically altered in response
to DMF treatment, which comprise the kno f2-mediated oxidative stress response, glutathione

(GSH)-mediated detoxification and others(Figure 5A). These DMF-induced changes were particularly
evident in mesenteric and inguinal lymp %s, spleen and whole blood. For MEF, 224 gene expression
changes were specifically noted that ICh'minated in kidney and mesenteric lymph node. The MMF
altered transcripts corresponded t@sis, death receptor and autophagy-related pathways.

Following dosing of the DMF/ME ination, 132 genes demonstrated a significant interaction effect
between DMF and MEF, which ost pronounced in immunological tissues, like whole blood, spleen,
mesenteric and inguinal lymphy,node (Figure 5B).

>
é}(\
&>
2,
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Figure 6: Differential and overlapping gene expression profiles after administration of DMF,
MEF salts or the DMF/MEF combination in mice
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Gene expression profiles termined by Affymetrix microarrays from tissues with preferential distribution of MMF and MEF at
12 h after the final repe | dose of either 100 mg/kg DMF, a total dose of 79 mg/kg of the calcium, magnesium and zinc salt

mixture of MEF (rati %o : 5.2% : 3.2%) or the DMF/MEF combination for 10 days in mice. (A) Hierarchical clustering reveals
487 DMF-specific an 4 MEF-specific probe sets after normalisation(n = 7 biological sample sets each). DMF specificity is most
pronounced in MLN*t spleen, and whole blood, whereas MEF specificity is most evident in the kidney and MLN. (B) Hierarchical
clustering shows 32 [Rteraction probe sets, which is most pronounced in immunologic tissues: whole blood, MLN, ILN, and spleen.
ILN = inguindk ode; MLN = mesenteric lymph node; WBC = white blood cell; (from Wipke et al., 2021).

[0}
e

Evaluat omment

A a@et of non-clinical data is provided for a comparison of the pharmacological effect of MEF in

to either DMF or fixed combination of MEF/DMF. Some of the comparative studies shows that in
vitFe, the individual MEF salts, the free acid of MEF, DMF and MMF similarly increase Nrf2 concentrations
as analysed by Western blotting, whereas FA was ineffective. Perhaps, the most relevant study for
purpose of the comparison between DMF, MEF and their combination was recently published (Wipke et
al., 2021). Gene expression profiles were reported following repeated oral administration of 100 mg/kg
DMF, a total dose of 79 mg/kg of the calcium, magnesium and zinc salt mixture of MEF or the DMF/MEF
combination for 10 days in mice. The expression of 487 genes was specifically altered in response to

CHMP Assessment Report
EMA/CHMP/883098/2022 Page 41/67




DMF treatment, which comprise the known Nrf2-mediated oxidative stress response, glutathione (GSH)-
mediated detoxification and others. These DMF-induced changes were particularly evident in mesenteric
and inguinal lymph nodes, spleen and whole blood. For MEF, 224 gene expression changes were
specifically noted that predominated in kidney and mesenteric lymph node. The MMF altered transcripts
corresponded to apoptosis, death receptor and autophagy-related pathways. Following dosing, of the
DMF/MEF combination, 132 genes demonstrated a significant interaction effect between DM bMEF,
which was most pronounced in immunological tissues, like whole blood, spleen, mesenteric@nguinal

lymph node . %
In addition to this data, the mixture of calcium, magnesium and zinc salts of MEF @ntly modifies
Keapl at Cys151 in vitro. The same modification of Keap 1 at Cys151 had been pre @- y demonstrated

for DMF and MMF. As known for DMF, MEF is, hence, able to release Nrfz% onstitutive Keap 1

repression. &

Exploratory studies provided for MEF can be considered as supportive@proof of concept in the
indication of psoriasis. While a straightforward additive or synergistic @; of MEF in the combination
cannot be concluded due to the limitations of the conducted non-clinjcal studies.

Pharmacokinetic properties of DMF and MEF @K

In pharmacokinetic (PK) investigations conducted in rats and :@; ubmitted during the MA of Tecfidera,
DMF was rapidly absorbed from the gastrointestinal tract ahverted pre-systemically to its active
metabolite MMF. Quick absorption was also confirmed F in these species. MMF was found to be
further metabolised to fumaric acid, citric acid and gl Qdicating initial DMF metabolism by esterases
followed by the citric acid cycle. Accordingly, DMF was nd to be predominantly eliminated as exhaled
CO; (~60-65%). About 21% of the administeredq dose was determined in urine, with cysteine and
N-acetyl cysteine conjugates of mono- and yl succinate as major urinary metabolites. MMF
represented only up to 1.7% of urinary meﬁites, whereas the amount of unchanged DMF was
negligible (< 0.2%). The contribution of t%ecal route to the elimination of DMF was small (< 4.4%).

In addition, metabolism data obtainedai and human hepatocyte suspensions indicated formation of
glutathione (GSH) conjugates of D é MMF and a low amount of other minor metabolites excluding
MEF. Analyses using liver microso @ or hepatocytes from rats and humans further confirmed that MEF
does not convert to either DM F, and DMF or MMF are not transformed into MEF. In agreement
with this finding, no MEF wa ted in plasma or tissues of mice after oral administration of DMF, and,
conversely, no DMF or M identified in mice after oral administration of MEF. Thus, DMF and MEF
are not metabolites oﬁﬁer in vivo.

A recent publication s the distribution of MMF and MEF after oral administration of either 100 mg/kg
DMF or as total d @mg/kg of the mixture of calcium, magnesium and zinc salts of MEF to mice and
rats (Wipke e#al. 21). MMF widely distributed in both species and reached higher concentrations in
brain and s e&than MEF (Figure 6). In contrast, MEF preferentially distributed into the kidney.
Accordin ‘, brain to plasma ratio is higher for MMF compared to MEF, while MEF demonstrates a
higher ki to plasma ratio than MMF. These data are in line with the higher excretion of intact MEF
comp@ 0 MMF in rats (9-fold) and in Cynomolgus monkeys (26-fold; Wipke et al., 2021).
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Figure 7: Distribution of MMF compared to MEF in mice and rats
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After single Oéa| dnhtration of 100 mg/kg DMF or 79 mg/kg MEF salts in 0.8% hydroxypropyl methylcellulose to C57BI/6 mice (A,
C) or Spra rats (B, D), plasma and tissue levels (brain, spleen, jejunum, kidney, and liver) of MMF and MEF were determined
30 min pos! XThe relative tissue penetration in relation to plasma is given above each bar. Brain or kidney to plasma ratios of
MMF and ice and rats highlight the significantly higher MMF brain exposure vs. MEF (E), whereas MEF reaches significantly
higher I@ idney than MMF (from Wipke et al., 2021).
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Evaluation comment

Overall, the provided in vitro and in vivo PK non-clinical data shows that DMF and MEF are two different
(to some extent) active moieties which share a similar metabolic pathway leading to the formation of
fumaric acid (an inactive moiety). DMF and MEF are not metabolites of each other in vivo. Ineaddition,
in vitro data using liver microsomes or hepatocytes from rats and humans shows that ME not
convert to either DMF or MMF, and DMF or MMF are not transformed into MEF. In the in vi ce and
rats) study, MMF the active metabolite of DMF reached higher concentrations in the br, \%‘ spleen

than MEF. In contrast, MEF is preferentially distributed into the kidney (Wipke et aI.,%s

Discussion on non-clinical aspects O
a

The submitted pharmacodynamic and pharmacokinetic non-clinical data shﬁ?t DMF and MEF are
two active moieties with pharmacological modes of action that are putatively€différent, but applicable for
the indication of psoriasis. Nevertheless a straightforward additive or Qstic effect of MEF in the
combination cannot be concluded due to the limitations of the conducte n-clinical studies.

NS

2.2.2. Clinical aspects @

o Clinical pharmacology QQ

Pharmacological properties of DMF and the MEF salts O

DMF and MEF are different esters of fumaric acid, whichyitself is inactive.

Pharmacokinetic properties O

After oral administration, DMF is not detected ﬁlsma because it is rapidly hydrolysed by esterases to
its active metabolite MMF and/or intera wjth GSH to form conjugates (Skilarence, EPAR). MMF is
further degraded to fumaric acid (FA). Likewise, MEF is metabolised by esterases to FA (Rostami-Yazdi

et al., 2010). Obo
{

(\\
0\
.\o

<
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Figure 8: Presumptive metabolic pathway of DMF agd MEF (Rostami-Yazdi et al., 2010)
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MEF does not convert to either DMF or MMF, and DMF or M %ot transformed into MEF. Thus, DMF
and MEF are not metabolites of each other in vivo.

DMF, MMF and MEF are pharmacologically act@

Pharmacodynamic properties

The main activity of DMF and MMF is cons?ﬁidr to be immunomodulatory, resulting in a shift in T helper
cells (Th) from the Th1l and Th17 profilg/to h2 phenotype and thus reducing inflammatory cytokine
production with the induction of pro- tic events, inhibition of keratinocyte proliferation, reduced
expression of adhesion molecules,é inished inflammatory infiltrate within psoriatic plaques.

In in vitro and in vivo studies M s have been shown to: reduce IL-6 and TGF-alpha secretion in the
psoriatic cocultures of KCs an Ils, suppress lymphocyte proliferation, induce early apoptotic effects
on lympho-histiocytic cells duce a rapid, transient Ca2+ increase in KCs and inhibit KC proliferation.

The mechanism by ich dimethyl fumarate exerts therapeutic effects in multiple sclerosis is not fully
understood. PrecliniNies indicate that dimethyl fumarate pharmacodynamic (PD) responses appear
to be primarily mediated through activation of the Nuclear factor (erythroid-derived 2)-like 2 (Nrf2)
transcriptional, y. Dimethyl fumarate has been shown to up regulate Nrf2-dependent antioxidant
genes in patientsNe.g. NAD(P)H dehydrogenase, quinone 1; [NQO1]).

*
Effects o Nmmune system

In p al and clinical studies, dimethyl fumarate demonstrated anti-inflammatory and

zlodulatory properties. Dimethyl fumarate and monomethyl fumarate, the primary metabolite
infethyl fumarate, significantly reduced immune cell activation and subsequent release of
profhflammatory cytokines in response to inflammatory stimuli in preclinical models. In clinical studies
with psoriasis patients, dimethyl fumarate affected lymphocyte phenotypes through a down-regulation
of pro-inflammatory cytokine profiles (TH1, TH17), and biased towards anti-inflammatory production
(TH2). Dimethyl fumarate demonstrated therapeutic activity in multiple models of inflammatory and
neuroinflammatory injury. In Phase 3 studies in MS patients, upon treatment with Tecfidera mean

im
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lymphocyte counts decreased on average by approximately 30% of their baseline value over the first
year with a subsequent plateau (Tecfidera, SmPC).

« Clinical Efficacy

Most of the published clinical efficacy and safety studies in the indication psoriasis refer to Fmaderm
(DMF/MEF) or other DMF/MEF combinations. In these studies, a therapeutic effect of F r&rm (
DMF/MEF) in psoriasis has consistently been described (e.g. Altmeyer, 1994, and Gollnick @). Also,
the therapeutic effect of DMF monotherapy in psoriasis has been described in climc@.ldies (e.g.
Langner 2004, Mrowietz 2006).

For the purpose of assessing whether MEF has a clinically relevant therapeutiQntribution within
Fumaderm from an efficacy standpoint, the following publications have been g?e :
Altmeyer PJ], Matthes U, Pawlak F, Hoffmann K, Frosch PJ, Ruppert P, Wassi , Horn T, Kreysel

HW, Lutz G, Barth J, Rietzschel I, Joshi RK. Antipsoriatic effect of fumari d derivatives. ] Am
Acad Dermatol. 1994; 30: 977-81.

Atwan A, Ingram JR, Abbott R, Kelson MJ, Pickles T, Bauer A, Piguet V. fumaric acid esters for
psoriasis. Cochrane Database of Syst Rev. 2015.

Falkvoll S, Gerdes S, Mrowietz U. Switch of psoriasis therapy fro &maric acid ester mixture to
dimethyl fumarate monotherapy: results of a prospective s Dtsch Dermatol Ges. 2019;
17:906-912.

Gollnick H, Altmeyer P, Kaufmann R, Ring ], Christophers E, Pavel'S, Ziegler J. Topical calcipotriol plus
oral fumaric acid is more effective and faster acting ral fumaric acid monotherapy in the
treatment of severe chronic plaque psoriasis vulgari rmatology. 2002; 205: 46-53.

Kolbach DN, Nieboer C. Fumaric acid therapy in pgesiasis: results and side effects of 2 years of
treatment. J Am Acad Dermatol. 1992;27: 769—¢

Landeck L, Asadullah K, Amasuno A, et a%rlet yl Fumarate (DMF) vs. Monoethyl Fumarate (MEF)
Salts for the Treatment of Plaque Psoriat:} eview of Clinical Data. Arch Dermatol Res.
2018;310:475-483.

Langner A et al. Results of a phasé dy of a novel oral fumarate, BG-12, in the treatment of severe
psoriasis. J Europ Academ Derfnatel Venereol. 2004; 18:798.

Lijnen R, Otters E, Balak D, Thi@ Long-term safety and effectiveness of high-dose dimethylfumarate
in the treatment of modegat severe psoriasis: a prospective single-blinded follow-up study.

J Dermatolog Treat. 2 ;R7: 31-6.

Mrowietz U, Reich K, Spell MC. Efficacy, safety and quality of life effects of a novel oral formulation
of dimethyl fumar, in patients with moderate to severe plaque psoriasis. Results of a phase 3
study. J Am Acaia ermatol. 2006: 54: AB202.

Nieboer C, de Ho an Loenen AC, Langendijk PN, van Dijk E. Systemic therapy with fumaric acid
derivates: ossibilities in the treatment of psoriasis. J Am Acad Dermatol. 1989; 20: 601-608.

Nieboer C‘Lﬁ?ﬁdijk PN, van Loenen AC, Gubbels J. Fumaric acid therapy in psoriasis: a double-blind
com x-. etween fumaric acid compound therapy and monotherapy with dimethylfumaric acid
ester, atologica, 1990; 181:33-7.

is: a randomized, double-blind, placebo-controlled study. J Am Acad Dermatol. 1990; 22:

Peeters AJ, Dijkmans BA, van der Schroeff JG. Fumaric acid therapy for psoriatic arthritis. A
randomized, double-blind, placebo-controlled study. Br J Rheumatol 1992; 31: 502-4.

Walker F, Adamczyk A, Kellerer C, et al. Fumaderm® in Daily Practice for Psoriasis: Dosing, Efficacy
and Quality of Life. Br J Dermatol. 2014;171:1197-1205.
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Four publications, which compared the efficacy of DMF to DMF/MEF directly are considered the most
relevant and are further described below.

These are the following:

- Kolbach DN, Nieboer C. Fumaric acid therapy in psoriasis: results and side effects of ears of
treatment. J Am Acad Dermatol. 1992; 27: 769-71.

blind comparison between fumaric acid compound therapy and monotherapy with hylfumaric

- Nieboer C, Langendijk PN, van Loenen AC, Gubbels J. Fumaric acid therapy in psoriEi@double—
acid ester. Dermatologica, 1990; 181:33-7. {

- Mrowietz U, Szepietowski JC, Loewe R, et al. Efficacy and Safety of LAS4100 ethyl Fumarate)
in Adults with Moderate-to-Severe Chronic Plaque Psoriasis: a R omized, Double-Blind,
Fumaderm®- and Placebo-Controlled Trial (BRIDGE). Brit J Dermatol. 2% 6:615-623.

- Falkvoll S, Gerdes S, Mrowietz U. Switch of psoriasis therapy from Qric acid ester mixture to
dimethyl fumarate monotherapy: results of a prospective study. h Dermatol Ges 2019; 17:

906-912. k

Moreover, study by Nieboer et al. (1989), which evaluated the efficacy and safety of MEF-Na is discussed

below. %
However, the non-randomised study of Kolbach and NiequQ ) is not suitable for a comparison, as
the DMF-treatment group received only half of the D in the Fumaderm-group. Moreover, this

study was not randomised. Nevertheless, a short de of the study is provided below.
Kolbach and Nieboer, 1992 O

Efficacy and side effects of treatment with e@;DMF monotherapy or DMF/MEF salt combination in
psoriatic patients were investigated over two yeadrs

Group 1 (n=129) was treated with DMF #ca
was increased weekly by 60 mg to a

les filled with 60 mg of semi-enteric-coated. The dosage
um of 240 mg DMF/day.

Group 2 (n=67) was treated with EF (enteric-coated (Fumaderm) tablets): (1) "Mite", containing
30 mg of DMF, 5 mg Mg?+-, 3 -, and 56 mg Ca2*-salts of MEF; or (2) "Forte"”, containing 120 mg
of DMF, 5 mg Mg?*-, 3 mg Zn d 87 mg Ca?*-salts of MEF. Medication started with one "Mite" tablet
per day to be increased w o three tablets per day. In the fourth week, medication was switched to
one "Forte" tablet per day his was increased weekly to a maximum of four tablets per day amounting

to a maximum of 480 DMF + 380 mg MEF salts (i.e. 860 mg fumarate esters/day).

Results: The percen@of patients that continued the therapy was significantly higher in the DMF/MEF
combination ggowup than in the DMF group after 6 months. After 24 months, 55% continued the DMF/MEF
medication v \ 6% of the DMF users. Sufficient therapeutic results were obtained in approximately
50% of mﬂ/MEF—treated patients during the entire study. In the DMF group, the percentage of
sufficien&nders declined from 32 to 18 during the 24 months. These differences were statistically
signifi he most important reason to discontinue the therapy was insufficient efficacy in the DMF
gr %).

study authors concluded that DMF/MEF combinatorial treatment was significantly superior to DMF
monotherapy.
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Evaluation comment

The efficacy and safety of DMF monotherapy in comparison to DMF/MEF salt combination was evaluated
in 196 patients with nummular or plaque-type psoriasis. Numerical superiority of DMF/MEF salt
combination over DMF was shown (after 24 months, 55% of patients continued on DMF/(MEF salt
combination therapy, compared to 16% of patients on DMF). Moreover, in the DMF group the p
of sufficient responders declined from 32% to 18% during the 24-month study, while in t
salt combination group the percentage remained unchanged. However, there wereSssignificant
shortcomings in this study, including the fact that the amount of DMF in the DMF/MEI-‘@
n

nation was

twice of the amount of DMF in the monotherapy arm. Therefore, patients in the DMF otherapy group
may have been treated with doses which were not sufficient for all patients and it i@refore difficult to
assess any additive effects of the MEF esters. Q

There is no information on demographics and patients’ disease features (e. x@erity of psoriasis,
disease duration, previous treatment) across the groups. In the absence of rafrdomisation or any other
method to control for baseline unbalance (the article established that t oice of the therapy was
determined by a patient s insurance), this is a critical shortcoming that vents the interpretation on
causal effects. {

Moreover, mild topical corticosteroid was allowed during the s owever, no further information

about the topical treatment was provided. No information ab tistical analysis was found. Taking
into consideration the evaluation of psoriasis, usage of topical“eorticosteroid might have distorted the
results of the study. There are critical flaws in the stud tRods and statistical analysis, therefore no

conclusion can be drawn from this study.

Furthermore, longer dose titration scheme was in the DMF/MEF combination group compared to
DMF group. Finally, differences in formulation ical formulation of the DMF/MEF combination and
semienteric-coated DMF capsules) preclude th mparison of efficacy and safety of both products.

Overall, it is concluded that this study dge%»d allow a comparison of DMF vs. MEF/DMF.

Nieboer et al., 1989 0

This study contains 6 studies, ho@r, only 2, considering MEF could be considered relevant for this

AR. O

Study II: controlled study w MEFAE sodium (Na). In a double-blind study 240 mg MEFAE-Na was
compared with placebo intients (22 women and 16 men). The treatment started with one capsule
of 60 mg MEFAE-Na &:ce a day for a week. The dosage was increased in 3 weeks to a maximum
of 240 mg. The obs tion time was 4 months.

Study IV: com.pa@e study of 720 mg MEFAE-Na compared with 240 mg MEFAE-Na. This dose- finding
study was per d because the daily 240 mg dosage of MEFAE was ineffective. It was performed in
20 patients &men and 8 men: 10 had been treated with 240 mg MEFAE and 10 with placebo in the
previous ths. The first group was given 720 mg daily, the latter 240 mg. The observation time was
3 mon
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Table 4: Results of fumaric acid derivatives in psoriasis with the use of different
treatment schedules (studies I-V)

O
Improvement (% )
Study n <25 25-50 >80 Deteriorated;: Discontinued

I: Open FACT studyt 36 4(11%) 6(17%) 23(64%) 0(0%) 3(8%)

II: Double-blind study b
MEFAE-Na (240 mg) 19 9 6 1 3 1 @
Placebo 19 8 h) 2 4

u llI: Double-blind study . % L]
DMFAE (240 mg) 22 4 6 6 0 \
Placebo 20 12 1 0 J {Z

IV: Comparative study O
MEFAE-Na (720 mg) 10 3 4 3 0 0
MEFAE Na (240 mg) 10 6 1 3 0 Q 0

V: Open long-term study &

DMFAE (240 mg) 56 14(25%) 12(22%)  19(33%) 0(0% Early§ Latell
= N 11(20%)—4(7%)

Study II: double-blind study with 240 mg MEFAE-Na versus placebo
There was no difference between the numbers of improved, uni ied, or deteriorated cases in both
groups. The average final score was the same in both groups I@o were the average final scores of
each factor. Only the itching score showed a greater drop in@AEFAE-Na group than in the placebo
group.

Study IV: comparative study 720 mg versus 240 @FAE-Na

No difference was seen between the 720 mg versﬁoe 240 mg regimen with regard to the number of
improved patients. The average final scores o tal groups and the extent of the eruption, the
redness and the thickness were the same, bu@iﬁcant differences (p < 0.05) were noted between
the final scores of scaling and itching of b%ro ps.

V-

Evaluation comment U
No difference between MEF-Na at @ga of 240 mg daily and placebo was observed in Study II.

Treatment with MEF-Na at th of 720mg or 240 mg daily resulted in comparable considerable
improvements (>50% n=3 both groups). Indeed, the same number of patients showed an

improvement > 50% of trQJ al score in both groups.

While the subscores}b%extent of the eruption, the redness and the thickness were not different
between 720 mg - 40 mg - treated patients, differences in favour of MEF-NA at the dose of
720mg - treated ts were observed in the final scores of scaling and itching in the study. The

Qse differences were statistically significant (p<0.05) and thus could be interpreted

authors cIaimex
as supportinscli ically relevant effects of MEF-Na. However, it should be noted that the average

psoriasi X ity score, established as efficacy endpoint in the section of methods in the article, was
not diffe tween both groups. Subscores were not presented as endpoints in this study and there
was n nce of adjustment for multiplicity. Therefore, the claim on statistical significance on scaling

ang,itehiipg scores could not be agreed. The small sample size is an additional limitation of the study.

Therefore, no conclusions on MEF-Na efficacy in psoriasis can be made based on this study. Moreover,
no direct comparison to DMF was performed in these studies.

An ad hoc statistical analysis of Nieboer 1989 comparing the 240 mg Na-MEF data of Study 1V, the
720mg MEF data of Study IV and a group including 240mg - and 720mg MEF data to the combined
placebo data of Studies II and III was also taken into account. The patients in these groups were
categorised as follows: “responders” who achieve at least 25% improvement, and “non-responders”
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who achieve less improvement or deterioration. The rate of response between the groups was
compared using Fisher’s Exact test (FET) or a chi-squared. Additionally, ordered logistic regression was
applied considering 4 categories (“deteriorated,” to < 25% improvement, to 25 to 50% improvement,
and to > 50% improvement). In the context of that ad hoc statistical analysis, it was submitted that
individually underpowered studies (Nieboer 1989) of the effect of MEF in the absence of DMF
demonstrates statistically significant efficacy on the improvement of a psoriasis severitbore
compared to placebo when results are pooled to increase statistical power in an ad hoc® ical
analysis.

While Nieboer 1989 used a global psoriasis score different than the one that is curren 5 @sidered as
a standard (PASI), it should be noted that in both cases the response is scored a ercentage of
improvement with respect to the baseline value. In this regard, a 75% reduction in @ PASI score with
respect to baseline is the current standard of response assessment used for p@endpoints in most
clinical trials of psoriasis. Lower level of responses (e.g. 50% reduction)&6 also been used as
endpoints. However, responses below 50% are not considered as an ac le demonstration of
treatment response. This is in line with the CHMP guideline on clinical investigation of medical products
indicated for the treatment of Psoriasis (CHMP/EWP/2454/02 corr).

Nieboer et al., 1990 k

compared to DMF/MEF using the same DMF dosage and, thus assess the possible additional effect of

The aim of this double-blind, 16 week trial was to assess thi t@lpeutic effect of DMF monotherapy
MEF.

O

Group 1 (n=22) received max. 480 mg DMF/d . 4 tablets/day of 120 mg each).

Treatment

Group 2 (n=23) received max. 480 mg DMF/day + 380 mg MEF salts (max. 4 tablets/day of 120 mg
DMF + 87 mg Ca?*-MEF + 5 mg Mg?+-M mg Zn2*-MEF per tablet) for 4 months.

Patients ; 0

Randomisation into two groups ade between 45 patients. 25 female, 20 male. Aged between 18
and 70 years. 22 were treat @w DMFAE-E C. 23 with FAC-EC. At the end of the study 33 patients
could be evaluated. 18 ha treated with DMFAE-EC and 15 with FAC-EC. At least 10% of the body
surface was affected. At t ginning of the study 22 of these 33 patients showed the plaque type; 10
the macular type; an the gtittate type of psoriasis. 11 patients had joint complaints, 6 in the DM FAE-

EC group and 5 in t@ -EC group.

Results ’\Q

The indi 'aél!sults are shown in Table 5. Compared to the initial population score, a considerable
improve@ i.e. score more than halved) was observed in 45% of the patients treated with DMFAE-
% of the treated with FAC-EC. This improvement was statistically significant.

EC an@

ﬁgroups 4 patients (18 and 15%) showed a full clearance. Considerable improvement occurred in
15 out of 22 (68%) patients with the plaque type and in 4 out of 10 (40%) of those with the macular
type. The patient with the guttate type showed a full clearance after a treatment of 2 months with FAC-
EC, but had an extensive relapse 1 month later even though the therapy had been continued. For 5
patients (22%) in the DMF AE-EC group and 1 patient (4%) in the FAC-EC group the psoriasis did not
show any reaction to the therapy. The observed differences between the two groups appeared to be not
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significant. Deterioration, that is an increase of the score up to more than 125%, was not observed in
either of the groups.

The course of the score in both groups with regard to the total average score and the separate
parameters is shown in Figure 8 a, b. It covers the observations of those patients who could be gvaluated
after 4 months: 18 in the DMFA E- EC group and 15 in the FAC-EC group. The total average scba the
DMFAE-EC group dropped from 9.7 to 4.1 and in the FAC-EC group from 10.5 to 4.1. The c of this
score in both treatment groups was not significantly different at any time point (1- V). @
the separate parameters, too, did not show a significant difference in time course. 'ﬂ(\%q

quently,
Its after 4
months were not statistically different.

The joint complaints of the 6 patients in the DMFAE-EC group showed consider provement for 2
patients, and some improvement for 1, and deteriorated or remained unchan for the other 3. In the
5 patients in the FAC-EC group a considerable improvement occurred in 2 ca a slight improvement
in 3 cases.

The general evaluation of the therapy by the patients usually corresp ndeg with that of the investigators.

Figure 9: Course of the total psoriasis score and of the 5 eters in patients treated with
DMFAE-EC (n= 18) or FAC-EC (n= 15) during 4 months al psoriasis severity score. b
Percent decrease of the 5 parameters of the severit\b

+ SD
[4,]

« [PSOriasis severty score

W

"lo Extent of & Q Induratian. Scaling Redness Itghing,
100 (\

m v v m v moowv VA m IV
Time (28 days) 4
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Table 5: Comparative study on the effects of DMFAE-EC (n = 22) and FAC-EC (n = 23) on
45 psoriasis patients

MMedication 1 Improvement Deter- Discon-

<25% 25-50% =»50%

FAC-EC 23 01 (4) 2(9) 12(52) O 8(35)2 4

DMFAE-EC 22 5(22) 3(14) 10(45) 0 4(18) %6

Discontinuations due to gastrointestinal side effects (gastralgia, diarrhoea, nause
of the 22 patients of the DMF group and for 7 or the 23 patients treated with th
Moreover, one patient of the DMF/MEF combinatorial group discontinued
flushing symptoms, whereas another left the study, because his medicatio%

reported for 3
EF combination.
to the appearance of
een stolen.

In the EPAR for Skilarence, the results of Nieboer et al., 1990, and oflﬁ 0 sub-studies of Nieboer
et al., 1989 are presented, as it is useful to compare the results of the sa author, despite the different
study designs:

Table 6: Percentage improvement of PASI after Treatmen@h DMF or DMF/MEF (Nieboer
studies)

Author Treatument Q”IAEF of Patlents
Duration FASI PASL I5-50% PASI <25%
[mw‘ Tmnp rovement Tmprovement
Niehoer 1959 — Study 1T 15 weeks N

DME 240 mg/day (n=22) OP"‘. 179 15%,

Placebo (1=20) 0% 3
Niehoer 1920 16 weeks

DAMF 480 mgiday (a=22) & 5% 14% 228,

DAME/MEF 480 mg/day (0=13) 52% 9% 1%
Nieboer 1959 = Study V {open Label) @mﬂ:s

DMFE 240 me'day (n=36) 3V 2204 25%
DidF=cimetly] Bimarate, MEF= vl famarate; n=number of patients evaluated, PAS[=Psonasis Atea

and Savenry Index

As shown in Table 6, the a &soriatic effect, i.e. improvement of PASI with 240 mg DMF monotherapy
was less pronounced tha h 480 mg DMF resp. 480 mg DMF/MEF, which was administered in the
Nieboer study (1990&As/ means, the DMF dose applied in the Nieboer 1989 studies (III and IV) was
quite low (probably ow to achieve convincing results).

Evaluation co e

The aim of t@ble-blind study was to assess the therapeutic effect of DMF monotherapy compared
to DMF/ Nsmg the same DMF dosage. There was a numerical difference in favour of DMF/MEF

compare MF monotherapy in regard to the improvement of the psoriasis severity score. However,
as ac edged by the authors of the study, the difference is not statistically significant. Higher rate of
dis inuations were observed in DMF/MEF group compared to DMF group. Overall, the evidence of this

study is limited due to its small sample size, the short duration of treatment, and the absence of control
for missing data (table 5 and figure 8 were based on a complete case analysis including 81% of patients
in the DMFAE-EC [DMF] group and 65% of those in the FAC-EC [DMF/MEF] group). Subscores were not
presented as endpoints in this study so the course of these scores over time should be regarded as
exploratory. In this study, the greatest differences were observed for redness and induration scores
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while a lower difference and no numerical difference were found for scaling and itching, respectively, as
opposed to Study II and Study IV previously conducted by these authors (Nieboer et al., 1989).

Mrowietz et al., 2017

The objective of the BRIDGE study was to assess the efficacy and safety of a new formulatiﬁDMF
(LAS41008), compared with placebo and Fumaderm, in adults with moderate-to-severe chyGnic*plaque
psoriasis. @

&
In this Phase III, double-blind, placebo-controlled, noninferiority trial, patients w@ndomised to
receive LAS41008, Fumaderm, or placebo (2:2:1) for 16 weeks, up titrating to a um daily DMF
dose of 720 mg, depending upon individual response. 6

The co-primary endpoints were the percentage of patients achieving = 75%{improvement in Psoriasis
Area and Severity Index (PASI 75) and the percentage achieving a scoreﬁ‘c ear’ or ‘almost clear’ in
the Physician’s Global Assessment (PGA) at Week 16. Secondary endpojntSvificluded PASI 75 at Weeks
3 and 8, PASI 50 and PASI 90 at Week 16, and scores of 0 to 1 in the@ at Weeks 3 and 8 and BSA
at weeks 3, 8, and 16. {

placebo, respectively, and ‘clear’/’almost clear’ PGA response of 40% for LAS41008 and 10% for
placebo. For the non-inferiority test of LAS41008 vs. Fum@ regarding PASI 75 at week 16, a
zero difference was assumed and a noninferiority margi 15% was set. An alpha level of 0.05 was

Statistical analysis @6
The sample-size calculations were based on PASI 75 response f 50% and 10% for LAS41008 and

defined and a dropout rate of 15% was factored int Iculations. A total of 690 patients (276 per
active group and 138 in the placebo group) provided a pewer of > 99% for the two superiorities
tests of LAS41008 vs. placebo, and 90% for the inferiority test of LAS41008 vs. Fumaderm.

In total, 671 patients were randomised and i@ed in the full analysis set (n = 267, LAS41008; n =
273, Fumaderm; n = 131, placebo).

Figure 10: Trial design

LAS41008
_ —
F

=]
£
< ]
g umaderm® follow-up
G period
@
Placebo
[ 30 mg | B0 Mg I e | 120 mg | 240 mg I 360 mg I 480 mg T 00 mg I 720mg [ 720 mq.
Dose ab 4 ap BID TID | TD To | TID TiD
(1330 mg) | o (%30 mg) | (12120 mg} | (2x120 mg) | (3x120 mg) | (4x120 mg) | (5x120 mg) | (6x120mg) | (6x120 mg) |
— | 1 | | | | "
N 4 5 8 7 B 912 12-16 48 424 452

1 V 3
Day 1 Week
L 2 \

St%m visits
, BSA
BIDNyice daily; QD, once daily; R, randomization; TID, three times daily. In the first 3 weeks, 30-mg dimethylfumarate tablets were used, and as the LAS41008 30-

mg and Fumaderm Initial tablets differed in colour and size, a double-dummy technique was used, with each patient also receiving one placebo tablet per tablet of
LAS41008 or Fumaderm. Subsequent uptitration was achieved using indistinguishable 120-mg tablets. a Trial-centre visits at weeks 12 and 16; Psoriasis Area and
Severity Index (PASI), Physician’s Global Assessment (PGA) and body surface area (BSA) at week 16 only
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Figure 11: Participants flow
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Patients analysed
SAS: n =279 (99-6%)
FAS: n = 267 (95-4%)
PPS: n = 246 (87-9%)

FAS: n =273 (95-5%)

Patients analysed
SAS: n = 283 (98-0%)
PPS: n = 253 (88-5%)

Patients analysed
S: n =137 (99-3%)
FAS: n=131 (94-9%)
PPS: n =127 (32:0%)
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Table 7: Demographic and baseline patient characteristics (treated population)

LAS41008 (n = 279)

Fumaderm® (n = 283) Placebo (n = 137)

Male, n (%) 174 (62-4) 185 (65-4) 93 (67-9)

Age (years)

Mean + SD 44-0 + 152 450 + 13-8 440 + 14-3

Range 18-80 18-87 18-78

Race, n (%)

White 275 (98-6) 280 (98-9) 137 (100-0)

Black/ African American 1 (0-4) il 0 @
Asian 1(0-4) 3(1-1) 0

Other 2 (0-7) 0 1] &
PAST total score, mean £ SD 16-3 £ 5-7 16-4 £+ 6.79 16-2 + 49 \
PGA group, n (%)* {
Moderate 162 (60-7) 164 (60-1) 79 (60-3)

Moderate 1o severe 93 (34-8) 94 (34-4) 49 (37-4) O
Severe 12 (4-5) 15 (5-5) 3 (2

Body surface area (%), mean + SD 1.9 + 11-6 21-3 £ 125 21-9 T3

Prior conventional systemic therapy, n (%)

Methotrexate 20 (7-2) 39 (13-8) 4 ;

Ciclosporin 12 (4-3) 8 (2-8) -8)

Fumaderm™ 9 (3-2) 11 (3:9) -9)

Acitretin 8 (2-9) 15 (5-3) 9 (6-6)

Apremilast 1 (0-4) 1 (0-4) 1]
Prior biological therapy, n (%)

Interleukin inhibitors” 7 (2:5) 4 (1-4) 3(22)

TNF-2 inhibitors® 1 (0-4) 6 (2-1) 0
Prior nondrug therapy including phototherapy, n % 75 (26-9) 86 (30-4) l 43 (314)

PASI, Psoriasis Area and Severity Index; PGA, Physician's Global Assessment; TNF, mumour necrosis fact

follows: 0, clear; 1, almost clear; 2, mild; 3, moderate; 4, moderate to severe; 5, severe. "Includin
brodalumab. “Including adalimumab and etanercept. 6

Co-primary endpoints: Significantly more patients@eved PASI 75 at week 16 following treatment with
LAS41008 than with placebo [37.5% vs. 15% < 0.001; 99.24% confidence interval (CI) 10.7-

33.7%]. Furthermore, LAS41008 was noninfefigr to Fumaderm at week 16 (37.5% vs. 40.3%, P <
0.001; 99.24% CI -14-0 to 8-4%) (Figur%

9

Figure 12: Percentage of patie ieving = 75% improvement in Psoriasis Area and
Severity Index (PASI 75) at w 6 (full analysis set). *P < 0001 vs. placebo; + P < 0001
noninferiority vs. Fumadern-o

45 o &41008 (n=267)
375 403
40 t * maderme® (n = 273)
" \ cebo (n=131)
(o)

N
15:3

At week 16, 33%, 37.4% and 13% of patients had achieved a score of ‘clear’ or ‘almost clear’ in the PGA
in the LAS41008, Fumaderm and placebo groups, respectively, and LAS41008 was significantly superior
to placebo (P < 0.001; 99.24% CI 9-31%) (Fig.12). Concomitant intake of potentially nephrotoxic drugs

PGA scale was defined as
, ustekinumab and

Results
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Patients achieving PASI 75, %
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(n = 108), such as angiotensin-converting enzyme inhibitors, angiotensin II inhibitors and/or statins,
did not have a significant impact on the primary outcome measures or on the safety profile of LAS41008.

Figure 13: Percentage of patients achieving a score of ‘clear’ or ‘almost clear’ in the
Physician’s Global Assessment (PGA) at week 16 (full analysis set). *P < 0.001 vs. placebo
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Based on the above results, the Authors concluded that the st@as demonstrated the efficacy and
safety of LAS41008 (DMF) for adults with moderate-to-sever nic plaque psoriasis, showing it to be
significantly superior to placebo and noninferior to the appb mbination of FAEs (Fumaderm).

Evaluation comment

compared with placebo and Fumaderm (DMF/M adult patients with moderate-to-severe chronic
plaque psoriasis. Patients were randomised to %’we DMF, Fumaderm, or placebo (2:2:1) for 16 weeks,
up titrating to a maximum daily DMF dose of 72® mg, depending upon individual response.

The objective of this double-blind placebo—controlléstudy was to assess the efficacy and safety of DMF

The coprimary endpoints were the perc@tzge of patients achieving = 75% improvement in Psoriasis
Area and Severity Index (PASI 75) an percentage achieving a score of ‘clear’ or ‘almost clear’ in
the Physician’s Global Assessmen \) at Week 16. Secondary endpoints included PASI 75 at Weeks
3 and 8, PASI 50 and PASI 90 at @ 16, and scores of 0 to 1 in the PGA at Weeks 3 and 8 and BSA
at weeks 3, 8, and 16. In total,@ patients were randomised and included in the full analysis set.

Significantly more patient ieved PASI 75 at week 16 with either DMF or Fumaderm compared to
placebo (37.5%, 40.3% a 5.3%, respectively). 33% of patients treated with DMF achieved ‘clear’ or
‘almost clear’ based PGA dat Week 16, compared with 13.0% receiving placebo and 37.4% receiving
Fumaderm.

There was a sma@nerical difference in favor of Fumaderm in regard to the co-primary endpoints and
most of the s y endpoints. As stated in the EPAR “The effects in regard to the co-primary endpoints
were numerically slightly lower in the Skilarence group compared to Fumaderm although this could be
due to v 'Nty, a limited PD and the efficacy effect of MEFs in Fumaderm may also be contributing to
an anti- tic effect”. Therefore, these differences although suggesting an additional therapeutic effect
of ME@Eumaderm may also appear due to variability or a limited PD. More importantly, it should be
no t this study was aimed to demonstrate superiority of DMF versus placebo and non-inferiority

s DMF/MEF. Consequently, the design of this study does not allow to demonstrate superiority of
DMFYMEF versus DMF.

Falkvoll S et al., 2019

This was a prospective observational trial in patients who were treated with the FAE mixture. Patients
whose psoriasis had improved and who could tolerate treatment with the FAE mixture were recruited.
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Treatment with the FAE mixture was switched to the DMF product without any interruption on the basis
of the current DMF dose in the FAE mixture. Patients were then scheduled for the next regular check-up
three months later. To assess psoriasis severity, the PASI index (psoriasis area and severity index) was
used. When presenting for their first check-up after switching, patients were handed a questionnaire to
investigate their views about tolerability and efficacy and to provide a global judgment of the gh.

Results

A total of 40 patients (24 male, 16 female) were prospectively and consecutively recryit%) the study
and underwent a check-up after switching treatments. The age of adult patients ran m 18 to 74
years with a mean age of 46 years. One patient was 13 years old and received treat t off-label.

Figure 14: Number of patients related to the duration of continuous Fthrapy that they
received before switching from the FAE mixture to the DMF product% 0)
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Most patients were treated Vi@“y DMF dose between 120 mg and 480 mg and had previously been

Anzahl der Patienten
[N=40)

W

treated with the FAE mixtur r one to five years.

In general, the patients redafded the outcome of the switch to the DMF product as neutral or positive
(18 positive, 18 neutramé4 negative).

Efficacy as asses %1 the PASI was equal or better in 34/37 patients, while 3/37 had a higher PASI
severity after‘* ing (Figure 14). A PASI estimate was not available at one of the visits in 3/40

patients. <
0\
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Figure 15: Clinical course of PASI in patients treated with the FAE mixture before (t1) and
after (t2) switching to the DMF product. The mean time between the two visits was 91.8
days (minimum 42 days, maximum 133 days; n = 37)
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The Authors concluded that the results of this study QI that psoriasis patients can switch from the
traditional FAE mixture to the same dose of DMF with 'similar clinical relief but without any washout

period. O

- A
Evaluation comment c

This prospective study was aimed to inv te the switch from the currently used DMF/MEF to DMF
monotherapy. The study was not designed to evaluate the treatment difference between DMF/MEF and
DMF in the treatment of psoriasis. The“abjective of the study was to evaluate the clinical course of PASI
in patients after switching to the

Treatment with the DMF/MEF WQNitChed to the DMF product without any interruption. Patients clinical
state was evaluated after thfe onths. To assess psoriasis severity, the PASI (psoriasis area and
severity index) was used.

The patients regarded the ome of the switch to the DMF product as neutral or positive (18 positive,
18 neutral, 4 negativ%ﬁfﬁcacy as assessed with the PASI was equal or better in 34/37 patients, while
3/37 had a higher P@ verity after switching.

However, bas the presented data it is not possible to evaluate in how many patients PASI improved.
Therefore, it 'pn‘ possible to conclude on differences in efficacy between the two treatments.

& \\ ’
Discuss@n Efficacy

Th @in a total 4 published studies which can be considered the most relevant for the evaluation of
linical relevance of MEF in Fumaderm. However, the results of Kolbach & Nieboer (1992) were not
included in the analysis due to severe limitations, described above.

Therefore, the assessment of the clinical relevance of MEF can be based on the results of 3 published
studies:
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In the Nieboer et al., study (1990), a numerical, but not statistically significant, difference in favour of
DMF/MEF compared to DMF monotherapy (52% vs. 45%) was demonstrated in what regards the
improvement of the psoriasis severity score.

When only patients who could be evaluated after 16 weeks were included in the analysis, the
improvement percentage (i.e. a psoriasis severity score more than halved) was 55% in the roup
and 80% in the DMF/MEF group. However, this complete case analysis may be biased. E or the
single patient for whom the tables were stolen, all other patients discontinued due to adv >@ents, an
intercurrent event, likely informative that was completely disregarded by the investi @Therefore,
the comparison of 55% - 80% should not be considered a reliable estimate of the diffefence. Additionally,
the evidence of this study is limited due to the small sample size and short durati@ treatment.

In Falkvoll et al. (2019) study, efficacy as assessed with the PASI was equal o\%r in 34/37 patients,
while 3/37 had a higher PASI severity after switching from DMF/MEF com %n to DMF. However, it
was not stated clearly in how many patients PASI improved. Therefore, it4s npt possible to conclude on
differences in efficacy between the two treatments. @

The most relevant study for this assessment appears to be study bﬁ:owietz et al. (2017), which was
a pivotal study for the Skilarence MAA. The study was aimed onstrate superiority of DMF to
placebo and non-inferiority to Fumaderm. Although both co-pri g!ndpoints were met, the robustness
of the demonstration of non-inferiority to Fumaderm was fou stionable. As it was discussed in the
EPAR for Skilarence, although the difference in proportion Qﬁie ts achieving PASI 75 was -2.8 (99.24
CI =14.0 8.4; p-0.0003), and the lower limit of the con e interval was within the prespecified non-
inferiority limit of 15, given the absolute difference in Q’tion of responders by PASI 75 between DMF
and placebo was 22%, the non-inferiority marginﬁs% could not be appropriate.

The comparison between DMF and Fumaderm d that Fumaderm consistently had a numerically
higher response rate. In FAS population, 37.53che patients in the DMF group compared to 40.3% of
the patients in the Fumaderm group achiéyed PASI 75 at Week 16. Moreover, the proportion of patients
achieving PGA clear/almost clear was 3@nd 37.4% in DMF and Fumaderm groups, respectively.

is supported by pharmacodyna udies demonstrating MEF salts biological activities, including

reducing IL-6 and TGF-alpha s in psoriatic cocultures of KCs and T cells, suppressing lymphocyte

proliferation and inducing a ZQ transient [Ca2+] increase in KCs and inhibiting KC proliferation.

However, and as stated iw PAR for Skilarance, “The effects in regard to the co-primary endpoints
r

These data suggest that MEF mayzo@te to the efficacy in psoriasis to some extent. This assumption
|

were numerically slightly in the Skilarence group compared to Fumaderm although this could be
due to variability, a //Nd PD and the efficacy effect of MEFs in Fumaderm may also be contributing to
an anti-psoriatic e@& Therefore, reasons other than an additional therapeutic effect of MEF in

e excluded. More importantly, the design of this study does not allow to

Fumaderm COU|Q
demonstratest& rity of DMF/MEF versus DMF.

Overall, n the available data, pharmacodynamic effects of MEF in psoriasis appear to be
demons . A numerical difference in favour of DMF/MEF combination reported in two independent
, double blind studies suggests that MEF could contribute to the efficacy of Fumaderm in the
of psoriasis. However, given the methodological limitations of the available clinical studies
aring directly DMF/MEF with DMF monotherapy in patients with psoriasis (small sample size, short
ion of treatment, absence of methods to account for missing data, intercurrent events and multiple
comparisons, absence of properly design studies to demonstrate superiority of DMF/MEF over DMF), a
clinically relevant effect of MEF in Fumaderm has not been demonstrated.

rando
tr

dur
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o Clinical Safety

For the purpose of assessing whether MEF has a clinically relevant therapeutic contribution within
Fumaderm from a safety standpoint, the following four publications have been reviewed.

Kolbach and Nieboer, 1992

In terms of tolerability, side effects were the most frequent reason to stop therapy in the DM group
(18%). For the DMF group, this percentage was 26%. In the first 6 months gastrointestj mplaints
were the most frequent in both groups. However, the aforementioned difference was f %\ificant and
although the amounts of DMF in the DMF/MEF combination group were twice4that” of the DMF
monotherapy, this is no sound proof that the MEF increased the tolerability. O

Comparable to the studies from Nieboer et al. 1989, DMF in the DMF-monother oup was formulated
as capsules filled with semi-enteric-coated granulate, whereas Fumaderm ormulated as enteric-
coated tablets, which could have resulted in different drug release and he@fected the safety profile.

- q
Evaluation comment @‘

Although the amounts of DMF in the DMF/MEF combination wer &e that of the DMF monotherapy,
slightly higher discontinuation rate was reported in patients fr@MF group compared to DMF/MEF
group (16% vs 18%). However, it should be noted that diffe es in both formulations (semi-enteric
coated vs enteric coated) could contribute to the overall tol€ra

and different pharmaceutical formulation,

Furthermore, taking into consideration different dos o@
no definite conclusion cannot be drawn from this stu&

Nieboer et al., 1990 Q

The subjective and objective side effects&a/shown in Table 8. The flushings started 3-4 h after the
tablets were taken. They involved a fegling of tingling heat, accompanied by diffuse redness, which
continued for about half an hour maigply Yecalised in the face, arms and the upper part of the body. This
d in the course of the treatment its frequency decreased. More
by serious stomach complaints, involving gastralgia, but also
r 14% (n = 3) of the patients in the DMFAE-EC group and 30% (n =
mplaints were a reason to discontinue the therapy. The abnormalities

symptom was not constantly pres
than half the patients were tr
nausea, vomiting and diarrho
7) in the FAC-EC group th
which were registered in lood most generally were: leukopenia(< 3.0 x 109/1), lymphopenia (<
15%) and eosinophiliags% . The former two developed in the course of the 3rd and 4th months. The
eosinophilia usuaIIy% in the first 2 months and disappeared spontaneously in most of the cases.

*

N
:\"’&O
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Table 8: Side effects during treatment of psoriasis with DMFAE (n=22) or FAC-EC (n=23)
over w period of 4 months

DMFAE-EC FAC-EC

Sy mptg ms
Flyhi, o 19 86 0 87 . @
Diswhee 12 55 14 61 \
Nausea/'stomaghe, Il 50 143 61 {
General malaise 2 9 1 4
Rizaingss, 5 0 0 O
5

Hsadag he 4
Laboratory &

Raine,

Albuminuria 0 0 2 9 0
Blood

Leukopenia 3 14 3 13

Lymphe pen ia, 3 12 2 8

Eosinophilia 8 35 3 13 {
Increase of @

Creatinine/urea 0 0 0 0

Alkaline phosphatase 1 5 0 0

ASAT/ALAT 0 0 4 Q

1 Patient discontinued the treatment as a result of thi y@m.
2 3 Patients discontinued the treatment as a result of these symp s.
3 7 Patients discontinued the treatment as a result of thes ptoms.

Evaluation comment KIQ

In this study, higher discontinuation r@ue to AEs (nausea, vomiting, diarrhoea) was reported in
DMF/MEF group compared to DMF @ (30% vs 14%). However due to small study size, no clear

conclusion cannot be made. b
Mrowietz et al., 2017 G

Treatment-emergent AEs ) were reported in 83.9% and 84.1% of patients in the LAS41008 and
Fumaderm® groups, resp ely, and in 59.9% of patients in the placebo group. The majority were
considered ‘mild’ in iNsity (66.7%, 67.1% and 52.6% in the LAS41008, Fumaderm® and placebo
groups, respectively@e most frequently reported TEAEs in both the LAS41008 (DMF) and Fumaderm®
groups were g.asQ‘estinal disorders (62.7% and 63.3%, respectively), including diarrhoea, abdominal
pain, nauseacﬁ} tulence. Flushing was also commonly reported (18.3% and 16.3%, respectively)
(Table 9).+

N
Q
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Table 9: Adverse events (AEs) reported by = 5% of the patients in any treatment group
(safety population)

LAS41008 Fumaderm® Placebo
(n=279) (n = 283) (n=137)

At least one TEAE, 234 (83-9) 238 (84-1) 82 (59-9)

O
n (%) ®®

Preferred term, n (%)

Diarrhoea 108 (38:7) 113 (39-9) 23 (16-8) \
Upper 56 (20-1) 64 (22:6) 11 (8-0) {
abdominal pain
Abdominal pain 55 (19:7) 45 (15-9) 7 (51) O
Nausea 30 (10-8) 24 (85) 5 (3-6) Q
Flatulence 15 (5-4) 16 (5-7) 7 (5-1) &
Vomiting 13 (4-7) 19 (67) 2 (1-5) 0
Pruritus 24 (8-6) 18 (9-9) 15 (10-9)
Erythema 27 (97) 23 (8-1) 3(2-2) @
Skin burning 22 (7-9) 20 (7-1) 3 (2-2)
sensation {
Nasopharyngitis 18 (6-5) 23 (8:1) 13 (9-5) @
Flushing 51 (18-3) 46 (16:3) 2 (1-5)
ILymphopenia 28 (10-0) 30 (10-6) 0 Q
Eosinophilia 25 (9-0) 17 (6:0) 0 Q
Headache 23 (8-2) 23 (8:1) 14 (10-2)

TEAE, treatment-emergent AE. \:

Lymphopenia was reported in 28 patients (10@ in the LAS41008 group, with three patients (1.1%)
considered severe (< 0.5 x 10° cells L.1), and if\30 (10.6%) patients in the Fumaderm group, with two
patients (0.07%) considered severe. Pro ia was reported in four patients (1.4%) in the LAS41008
group and in six patients (2.1%) in the F erm group. Overall, the frequency and type of the reported
TEAEs were very similar and did no@r significantly between the LAS41008 and Fumaderm groups
(Table 9).

Twenty-three serious TEAEs @reported in 22 patients (3.2%, 2.8% and 3.6% of patients in the
LAS41008, Fumaderm and pﬁe groups, respectively). Only four of these serious TEAEs, occurring in
maderm, were assessed by the investigator as related to

three patients randomiseq

treatment (erosive ga\@s, stritis, gastric ulcer and gastroduodenitis).

One death conside nrelated to the medication was reported in a patient receiving Fumaderm
(subendocardial ischaemia). No relationship between blood abnormalities and the onset of infections was

detected. \
O
e

Laboram@ stigations

At we or upon early treatment discontinuation, the mean total lymphocyte counts had decreased

fro line by 0.52 x10° cells L-! in both the LAS41008 and Fumaderm groups, and by 0.08 x 10°
L-* in the placebo group.

Similarly, the mean leucocyte counts had decreased from baseline by 0.73 x10° and 0.69 x 10° cells L-!
in the LAS41008 and Fumaderm groups, respectively, compared with 0.04 x 10° cells L-! in the placebo
group. Lymphocyte counts below 0.7 x 10° cells L-! were observed during the trial in 22 patients in the
LAS41008 group (7.9%), 21 patients in the Fumaderm group (7.4%) and one patient in the placebo
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group (0.7%). Based on the available follow-up data, white blood cell counts progressively recovered
after treatment with either LAS41008 or Fumaderm was stopped.

Evaluation comment

The safety profile was evaluated based on data of 699 patients. Comparable frequency of a Q
events was observed in DMF and Fumaderm groups. Most of adverse events were consider ild in
severity. Lymphopenia was reported in 10% of patients treated with DMF and 10.6% gf @nts from

Fumaderm group. £\

Falkvoll S et al. 2019 O

The majority of patients (27/40) did not experience any difference in GI complaintS\after switching from
the FAE mixture to the DMF product. Gastrointestinal tolerability was ju d better for the DMF
product by 7/40 patients and worse by 2/40 patients. No GI complaints weréyeported with either drug
product by 4/40 patients. Flushing was unchanged in 24/40 patients, eported less flushing and
6/40 reported more flushing. Flushing did not occur with either drug prmin 2/40 patients. Regarding
the question of overall tolerability, 28/40 patients reported similar tolerability, 8/40 reported better
tolerability with the DMF product and 4/40 said that tolerability rse after switching. In answer to
the question about skin status in general, 27/40 patients repo at it was unchanged after switching
from the FAE mixture to the DMF product, patients, 7/40 re at it was better and 6/40 said it was
worse.

<O
Evaluation comment \\’
Overall, no significant differences in AEs and oI tolerability were observed after switching from
DMF/MEF to DMF. 31/40 and 26/40 patients d@t notice differences between DMF and DMF/MEF with
respect to gastrointestinal symptoms and flushifg, respectively.

Discussion on Safety 0(}

The safety of DMF/MEF combinati
Niebor (1992); Niebor et al., (

comparison to DMF was evaluated in four studies (Kolbach and
rowietz et al., (2017) and Falkvoll et al., (2019)).

Although in Kolbach and Niet% 92) study higher percentage of patients from DMF group discontinued
the therapy compared to Q EF group (16% vs 18%), differences in both formulations (semi-enteric
coated vs enteric coated) cOuld contribute to the overall tolerability. Nevertheless, it should be noted
that the amounts of in the DMF/MEF combination were twice that of the DMF monotherapy.

Contrary, in Nieg al., (1990) study, 30% from DMF/MEF group and 14% from DMF group
discontinued tﬁ\ dy due to AEs (nausea, vomiting, diarrhoea).

In Mrowietx ., (2017) study, frequency of adverse events reported in DMF and Fumaderm groups
e

was com@.

Simil o significant differences in AEs and overall tolerability were observed after switching from
to DMF in Falkvoll et al., (2019) study.

In summary, no significant differences in the safety profiles of DMF compared to DMF/MEF combination
were observed in the available studies.
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Unsolicited submission received during the evaluation

During the assessment of the therapeutic contribution of MEF in Fumaderm, on 8 September 2021, the
CHMP received an unsolicited submission from a company.

The unsolicited submission has been considered by the CHMP and supports its recommendatioh,as
outlined below (3. Recommendations and next steps).

3. Submission of additional scientific observations b@n
interested entity {

On 1 October 2021, an interested entity submitted additional observations t P in response to
the Rapporteurs’ preliminary assessment report ("PAR"). &

The additional observations included, in particular, previously unsubmittedyinf@¢¥mation relating to a pre-
clinical study. In support of that information, it has been claimed that t ociated study demonstrates
that MEF is capable of producing an additive, synergistic benefit to DMF non-clinical disease model.

The CHMP reviewed those additional observations including t &e-clinical study. Further to that
assessment, it was found that these observations were not ca Qﬁf altering their conclusion that the
totality of the available data has not established that MEF has a%ally relevant therapeutic contribution
within Fumaderm. The reasons for this are as follows: Q

First, the Rapporteurs reviewed the different eleme s@vidence, which was listed in support of the
finding that MEF has a clinically relevant therapeutixtribution within Fumaderm. It was noted that
the different elements of evidence put forward ly reproduced the findings (and claims) that had
been previously submitted to the CHMP. The o element of evidence pertained to the non-clinical
study mEAE-012 (which will be discussed belob

Second, the results from the non-clini *dey MEAE-012 were taken into account. These results
stemmed from an experiment cond lcjn an experimental autoimmune encephalomyelitis (EAE)
model, which was designed to co péhe impact of treatment with DMF or MEF monotherapy with a
combination of DMF+MEF on clini d histopathological characteristics. Of note, neither the literature
reference nor the study report 0 ovided and as such details of the study are not available.

However, a number of shortc@ngs were identified in relation to the usefulness of this pre-clinical study.

The interested entity has er provided a study protocol nor a statistical analysis plan. In the absence
of this information, itN\is unclear whether this is a therapeutic non-clinical exploratory study or a
therapeutic non—clir@onfirmatory study.

However, the de@ns of the primary and secondary endpoints for this study have not been provided.

Additionally, @i} ormation has been provided about how the entity addressed the inflation of the type
I error rt\a result of multiple testing (multiplicity). In absence of a pre-specification of a primary

endpoin information on control of multiplicity, a conclusion on statistically significant effect cannot
be re and the statistically significant claims submitted for the aforementioned differences cannot
e pted.

Altogether considered, these results are considered exploratory and difficult to interpret. Consequently,
clear conclusions could not be made based on the presented histopathological examination results.

Moreover, it is not clear how the doses used in mice correspond to the doses used in humans.

In conclusion, although the available non-clinical data could suggest a different impact of DMF+MEF
combination on progression of EAE in mice, compared to DMF monotherapy, taking into account the
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presented results and the above-described limitations, this data cannot be relied upon to establish the
non-clinical efficacy of MEF within Fumaderm.

Without prejudice to the above, it also bears noting that, while it is true that (an) active substance(s)
within a fixed combination medicinal product may have additive or synergistic effects, it is expected that
clinical data is presented for the purpose of establishing its contribution to the overall effect i%s of
efficacy. In particular, compelling mechanistic (in vitro data), preclinical and pharmacod data
could be adduced to support a claim of improved efficacy within the fixed combination me product.
That being so, improved efficacy over (an) individual active substance(s) that have e ed efficacy
in the targeted indication (namely, DMF) needs to be shown. The design of the pian inical studies
should be according to specific clinical guidance, where placebo or standard of c@ instead of those
individual active substances - may be acceptable as comparators. A direct con% against individual
active substances with established efficacy in the targeted indication wouldyfiowever still be expected.
More specifically, for the treatment of psoriasis, a three-armed, parallel-g studies with the active
agent, placebo and comparative active treatment would be expected. h the BRIDGE Study did
take into account DMF, DMF+MEF and placebo, improved efficacy over%was not demonstrated.

The relevance of these non-clinical findings (either alone or in corﬁ&wtion with the other elements of
evidence presented) is limited in the context of the overall asses@t, as these findings (account being
taken of their above-outlined shortcomings) cannot suffice to %ish the clinically relevant therapeutic
contribution of MEF in the combination treatment. In that the claim that MEF has an additive,
synergistic effect within Fumaderm has not been demorégg

In light of all of the above and having taken into acco the available evidence (including the above-
described non-clinical study), the additional obsegyations submitted have not demonstrated that MEF
has a clinically relevant therapeutic contribution @n Fumaderm and the CHMP’s conclusion remains
unchanged.

4. Recommendations aré(ext steps

The CHMP reviewed all above-men Qstudies and data. The CHMP also considered all data submitted
by the interested entities, includin data submitted by a company on 8 September 2021.

The available non-clinical dat Q if not extensive is not scarce and it suggests a potential PD effect
and PK differences. {

The available clinical dat&xot conclusive for the purpose of establishing that MEF has a clinically
relevant therapeutic Xibution within Fumaderm. Whilst said clinical data, including two clinical trials
(Nieboer et al., 199@ Mrowietz et al, 2017) showing numerical differences in favour of the DMF/MEF
combination \‘s.@‘ alone in psoriasis, may be indicative that MEF contributes to the efficacy of
Fumaderm in }q atment of psoriasis to a small extent, this would need to be confirmed by appropriate
data tha d@trate a clinically relevant therapeutic effect. In that respect, the evaluated data suffer,
in part, f vere methodological limitations, including:

- E@ences in DMF doses administered and differences in formulations (Kolbach and Nieboer, 1992);
all sample size and short duration (Nieboer, 1989; Nieboer, 1990);

- Lack of appropriate methods to account for missing data, intercurrent events and control for
multiplicity (Nieboer, 1989 and Nieboer, 1990); and

- Lack of properly designed studies to demonstrate superiority of DMF/MEF over DMF (Kolbach and
Nieboer, 1992; Mrowietz et al., 2017; Falkvoll S et al., 2019).
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Taking into account the described results, including the severe methodological limitations of the clinical
studies, it cannot be concluded based on these data that a clinically relevant therapeutic effect of MEF
in Fumaderm has been demonstrated.

Therefore, the CHMP concludes that the totality of the available data cannot establish that MER exerts a
clinically relevant therapeutic contribution within Fumaderm.

Further to the above, the CHMP recommend adoption of the opinion. @
. \@
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