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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a pharmaceutical formulation comprising an erosion matrix. More particularly
the invention relates to a pharmaceutical formulation comprising an erodible matrix comprising one or more fumaric acid
esters as well as one or more rate-controlling agents, wherein erosion of said erosion matrix permits controlled or
sustained release of said fumaric acid esters.

BACKGROUND OF THE INVENTION

[0002] Psoriasis is a chronic skin disease, with a high percentage of genetic pre-disposition. The disease fluctuates
between acute exacerbation and times of complete standstill. Patients suffering from psoriasis may be severely handi-
capped because of the external characteristics of the disease. This affects all parts of life, such as the professional
career as well as the personal and private life.

[0003] The therapeutic possibilities available until the therapy according to the invention are limited, in particular for
patients with moderate to severe psoriasis, and many of them provide only a temporary and short-term improvement,
and/or have severe adverse effects/side effects. Since psoriasis has a high recurrence rate, the majority of patients have
to undergo long-term treatment.

[0004] Fumaric acid esters have been used for the treatment of moderate to severe psoriasis for more than 30 years.
In 1994 a defined mixture of dimethyl fumarate and monoethyl fumarate salts was approved in Germany - Fumaderm®
initial / Fumaderm®. One enteric coated tablet of Fumaderm® contains the following active ingredients: dimethylfumarate
120 mg; ethylhydrogenfumarate, calcium salt 87 mg; ethylhydrogenfumarate, magnesium salt 5 mg; ethylhydrogenfu-
marate, zink salt 3 mg, and the following other ingredients: croscarmellose-sodium, talc, magnesium stearate, coloring
agents E171and E 132, methacrylic acid-methylmethacrylate-copolymer (1:1), methacrylic acid-ethylacrylate-copolymer
(1:1), Macrogol 6000, simethicone, povidone, triethyl citrate, microcrystalline cellulose, highly disperse silicon dioxide
[Summary of Product Characteristics, Fumaderm®, version January 2009]. By today Fumaderm® represents about 66%
of all prescriptions for systemic therapy of psoriasis in Germany. However, a high frequency of side effects causes some
patient discontinuation early in treatment. It is contemplated that the gastrointestinal side effects and flushing can, at
least partially, be explained by the release properties of the prescription formulation, leading to high local concentrations
in the intestines.

[0005] The present inventors contemplate that an improved treatment regimen may be obtained by administration of
a pharmaceutical composition that is designed to deliver the active substance in a controlled manner, i.e. in a manner
that is prolonged, sustained, retarded, slow and/or delayed compared with the commercially available product.

[0006] Fumaric acid esters, such as dimethyl fumarate, can be subject to degradation and hydrolysis. Itis e.g. known
that dimethyl fumarate is more prone to hydrolysis in an alkaline/less acidic environment, c.f. more acidic environments
(Litjens et al, "In vitro pharmacokinetics of anti-psoriatic fumaric acid esters", BMC Pharmacology 2004, 4:22). Thus,
dimethyl fumarate is considered to be more prone to hydrolysis in the small intestine, c.f. the gastric ventricle. In addition
to the pH effect described above, esterases are considered to contribute to hydrolysis of fumaric acid esters.

[0007] WO 2006/037342 discloses controlled release pharmaceutical compositions comprising dimethyl fumarate as
active substance wherein the controlled release profile results in a reduction in Gl (gastro-intestinal) related side-effects.

OBJECT OF THE INVENTION

[0008] It is an object of embodiments of the invention to provide a controlled or sustained release pharmaceutical
formulation, comprising fumaric acid ester(s) as active substance(s) which shows reduced Gl (gastro-intestinal) related
side-effects and/or reduced flushing over the prior art Fumaderm® formulation. A further object of the present invention
is to provide a controlled or sustained release pharmaceutical formulation comprising fumaric acid ester(s) as active
substance(s) which has an improved pharmacokinetic profile over prior art formulations. In particular, it is an object of
the present invention to provide a controlled or sustained release pharmaceutical formulation comprising fumaric acid
ester(s) as active substance(s) which shows a reduced variability in AUC and/or C,,,, Values over prior art controlled
release formulations. In particular, it is an object of the present invention to provide a controlled or sustained release
pharmaceutical formulation comprising fumaric acid ester(s) as active substance(s) which shows an adequate relative
bioavailability c.f. e.g. the prior art Fumaderm® formulation. Specifically, it is an object of the present invention to provide
a controlled or sustained release pharmaceutical formulation comprising fumaric acid ester(s) as active substance(s)
which shows a reduced variability in AUC and/or Cmax values over the prior art Fumaderm® formulation.
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SUMMARY OF THE INVENTION

[0009] It has been found by the present inventor(s) that a controlled or sustained release of one or more fumaric acid
esters may be obtained by an erosion matrix tablet as defined in the claims. The prolongation of the release of API can
be controlled with the amount of rate controlling polymer(s) in relation to the other components and it is contemplated
that high local concentrations of the API can be avoided or reduced.

[0010] It has been found thata controlled or sustained release of one or more fumaric acid esters at a pharmaceutically
relevant level may be obtained from a - compared to Fumaderm® - small tablet in order to improve patient compliance,
and wherein high local concentrations of the API may be avoided while securing as complete as possible a delivery of
the active substance within a defined time period after reaching the site of absorption, and wherein at the saure time a
reduced variability, compared to Fumaderm® may be provided.

[0011] It has been found that formulations according to the Invention exhibit a good in vitro/in vivo correlation. In an
aspect the in vitro/in vivo correlation is determined by comparing the time to 80% of the fumaric acid ester being released
from the formulations in an in vitro dissolution test to the Cmax being measured in vivo after administration of the
formulations.

[0012] Itis further contemplated by the present inventors that the controlled release of the API by erosion of the matrix
minimizes or reduces the exposure of API to hydrolysis within the gastrointestinal tract, thereby mitigating degradation
of the API prior to absorption.

[0013] In a first aspect, it is contemplated that it is hereby possible to retain the treatment effect while at the same
time substantially reducing some or several of the undesired side effects or adverse effects known from Fumaderm®,
or improving tolerability c.f. Fumaderm®.

[0014] In another aspect, it is contemplated that it is hereby possible to obtain an improved treatment effect compared
to Fumaderm® while at the same time reducing the undesired side-effects known from said prior art Fumaderm®
treatment of psoriasis.

[0015] In another aspect, it is contemplated that it is hereby possible to obtain an improved treatment effect while at
the sonne time maintaining tolerability ¢.f. Fumaderm®.

[0016] In afurther aspect, it is contemplated that it is hereby possible to obtain an improved treatment effect while at
the same time improving tolerability c.f. Fumaderm®.

[0017] In afirst aspect the present invention relates to a pharmaceutical formulation in the form of an erosion matrix
tablet comprising:

i) 35 % to 55 % by weight of dimethyl fumarate; and

ii) 3-6 % by weight of a rate-controlling agent selected from hydroxypropyl cellulose; and

iii) 40-60 % by weight of a binder selected from lactose.
[0018] In the present context the term "% by weight" refers to the percentage by weight of each ingredient in the core
tablet, thus excluding any exterior coatings or films.

[0019] A method for preparing the formulation according to the invention, comprises the steps of:

a) Dissolving or suspending dimethyl fumarate and hydroxypropyl cellulose in the form of a polymeric matrix material
in water to obtain an aqueous suspension thereof;

b) Spraying said aqueous suspension an granules of afumaric acid ester and/or a binder for a period of time sufficient
to obtain a uniform coating thereon;

c) Drying the granules obtained;
d) Optionally sieving or milling said granules;
c) Blending of any pharmaceutically acceptable excipients and additives in a manner known per se to obtain a tablet
formulation;
Optionally film or enteric coating of said tablet formulation in a manner known per se;
[0020] wherein any of or all of the above steps are performed at a temperature to allow a product temperature not

exceeding 45°C.
[0021] Itis known that e.g. dimethyl fumarate may be lost to sublimation, and the sublimation is more pronounced at
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higher temperatures.

[0022] In some aspects the manufacturing of formulations according to the invention is carried out at relatively low
temperature, to minimize or reduce sublimation, and involving few intermediate steps and minimal involvement of non-
machine operated steps. These factors contribute to the manufacturing process being scalable and feasible in a com-
mercial setting and at a commercial scale. In some aspects it has been found that formulations according to the invention
can be manufactured at larger scale, such as atleast 15 kg scale, such as atleast 20 kg scale, such as atleast 30 kg scale.
[0023] A method for preparing the formulation according to the invention, comprises the steps of:

a) Dissolving or suspending hydroxypropyl cellulose in the form of a polymeric matrix material in water to obtain an
agueous suspension thereof;

b) Spraying said aqueous suspension an granules of dimethyl fumarate for a period of time sufficient to obtain a
uniform coating thereon;

c) Drying the granules obtained;
d) Optionally sieving or milling said granules;

e) Blending of any pharmaceutically acceptable excipients and additives in a manner known per se to obtain a tablet
formulation;

f) Optionally film or enteric coating of said tablet formulation in a manner known per se;

[0024] wherein any of or all of the above steps are performed at a temperature to allow a product temperature not
exceeding 45°C.

[0025] In another aspect, the present invention relates to a method for preparing the formulation according to the
invention, comprising the steps of:

a) Optionally sieving or milling crystals of dimethyl fumarate;

b) Blending of said crystals of fumaric acid ester, hydroxypropyl cellulose in the form of a polymeric matrix material,
and any pharmaceutically acceptable excipients and additives by direct compression to obtain a tablet formulation;

c) Optionally film and/or enteric coating of said tablet formulation in a manner known per se;

[0026] wherein any of or all of the above steps are performed at a temperature to allow a product temperature not
exceeding 45°C.

[0027] In another aspect the pharmaceutical formulation according to the Invention is for use for the treatment of
psoriasis, psoriatic arthritis, neurodermatitis, inflammatory bowel disease, such as Crohn’s disease and ulcerative colitis,
polyarthritis, multiple sclerosis (MS), juvenile-onset diabetes mellitus, Hashimoto’s thyroiditis, Grave’s disease, SLE
(systemic lupus erythematosus), Sjogren’s syndrome, Pernicious anemia, Chronic active (lupoid) hepatitis, Rheumatoid
arthritis (RA), lupus nephritis, myasthenia gravis, uveitis, refractory uveitis, vernal conjunctivitis, pemphigus vulgaris,
scleroderma, optic neuritis, pain such as radicular pain, pain associated with radiculopathy, neuropathic pain or sciati-
ca/sciatic pain, organ transplantation (prevention of rejection), sarcoidosis, necrobiosis lipoidica or granuloma annulare.
[0028] Another aspect of the invention is the use of a pharmaceutical formulation according to the invention for the
preparation of a medicament for the treatment of psoriasis, psoriatic arthritis, neurodermatitis, inflammatory bowel dis-
ease, such as Crohn’s disease and ulcerative colitis, polyarthritis, multiple sclerosis (MS), juvenile-onset diabetes mellitus,
Hashimoto’s thyroiditis, Grave’s disease, SLE (systemic lupus erythematosus), Sjogren’s syndrome, Pernicious anemia,
Chronic active (lupoid) hepatitis, Rheumatoid arthritis (RA), lupus nephritis, myasthenia gravis, uveitis, refractory uveitis,
vernal conjunctivitis, pemphigus vulgaris, scleroderma, optic neuritis, pain such as radicular pain, pain associated with
radiculopathy, neuropathic pain or sciatica/sciatic pain, organ transplantation (prevention of rejection), sarcoidosis, necro-
biosis lipoidica or granuloma annulare.

LEGENDS TO THE FIGURE
[0029]

Fig. 1 shows in vitro dissolution profiles at 37°C using a paddle dissolution apparatus at 100 rpm employing 0.1 N
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hydrochloric acid as dissolution medium during the first 2 hours of the test and then followed by 0.05 M phosphate
buffer pH 6.8 as dissolution medium for the remaining test period of film and enteric coated erosion matrix tablets
according to the invention as described in Examples 16, 18, 20, and 22.

Fig. 2 shows an in vitro dissolution profile at 37°C using a paddle dissolution apparatus at 100 rpm employing 0.1
N hydrochloric acid as dissolution medium during the first 2 hours of the test and then followed by 0.05 M phosphate
buffer pH 6.8 as dissolution medium for the remaining test period of a film coated erosion matrix tablet according
to the invention as described in Example 23.

DETAILED DISCLOSURE OF THE INVENTION

[0030] In the present context the term "API", which is an abbreviation for "active pharmaceutical ingredient" and the
term "active substance" are used interchangeably and refers to the fumaric acid ester(s) that is to be released from the
pharmaceutical formulation according to the invention.

[0031] In the present context, the term "controlled or sustained release" refer to the release from a formulation that is
designed torelease the fumaric acid ester in a prolonged, retarded, slow and/or delayed manner compared to the release
of the commercially available product Fumaderm®, when tested under comparable conditions (e.g. for in vivo studies:
dose equivalents, with or without standardized meal etc., or for in vitro studies: dose equivalents, dissolution testapparatus
and working conditions including e.g. composition, volume and temperature of dissolution medium employed, rotation
speed etc.).

[0032] The release in vivo may be tested by measuring the plasma concentration at predetermined time periods and
thereby obtaining a plasma concentration versus time profile for the fumaric acid ester in question or, if relevant, a
metabolite thereof. Furthermore, it is contemplated that metabolism already takes place within the gastro-intestinal tract
or during passage of the gastro-intestinal mucosa, or upon first passage through the hepatic circulation. Accordingly,
when dimethylfumarate is administered, the relevant component to search for in the plasma may be the monomethyl
ester and not the dimethylester of fumaric acid.

[0033] Other tests may also be used to determine or to give a measure of the release of the active substance in vivo.
Thus, animals (e.g. minipigs, dogs etc.) may be used as amodel. The animals receive the compositions under investigation
and after specified periods of time, blood samples are collected and the content of the active ingredient (or metabolite
thereof, if relevant) is determined in plasma or specific organs or extracted from the intestinal contents. Another test
involves the use of a specific segment of an animal or human intestine. The segment is placed in a suitable apparatus
containing two compartments (a donor and areceiver) separated by the segment, and the composition under investigation
is placed in a suitable medium in one compartment (the donor compartment). The composition will release the active
substance that subsequently is transported across the intestinal segment. Accordingly, at suitable time intervals, the
concentration of the active substance (or, if relevant, the metabolite) is measured in the receiver compartment.

[0034] A person skilled in the art will be able to adapt the above-mentioned method to the specific composition.
[0035] With respect to in vifro methods, well-established methods are available, especially methods described by
official monographs like e.g. United States Pharmacopeia (USP) or the European Pharmacopoeia. A person skilled in
the art will know which method to choose and how to select the specific conditions to carry out the in vitro test. For
instance, the USP prescribes in vitro tests be carried out at 37 +/- 1.0 such as 37 +/-0.5 degrees Celsius/Centigrade. In
one aspect, a suitable dissolution test is one, wherein the dissolution profile is determined as described in the United
States Pharmacopoeia at 37°C using a paddle dissolution apparatus at 100 rpm employing 0.1 N hydrochloric acid as
dissolution medium during the first 2 hours of the test and then followed by 0.05 M phosphate buffer pH 6.8 as dissolution
medium for the remaining test period. A person skilled in the art will know how to adjust the conditions applied, e.g.
temperature, pH, paddle speed, duration etc. In a further aspect, the in vitro dissolution testing is carried out as follows:
A USP apparatus Il (paddles) with 1 litre vessels is used. Bath temperature is set to 37°C*+0.5°C and paddle speed to
100 rpm. One tablet is placed in one vessel containing 750 ml 0.1N HCI (pH 1.2) over 2 h. After that the pH is changed
to 6.8 by adding 220 ml 0.2 M sodium phosphate buffer. 1.5 ml samples are taken at each sampling time point and
analyzed by HPLC for DMF. The HPLC parameters are set as follows: Column: Phenomenex Luna C18, 50 x 4.6 mm,
3 wm; column oven temperature 30°C, :mobile phase: Methanol:20 mM phosphate buffer pH 3.0 (35:65 V/V), inject
volume: 5 pl, Flow rate: 0.8 ml/min, Detector wavelength: 210 nm, run time 5 min, DMF retention time 3.5 min.

[0036] In the present context, the term "relative bioavailability” refers to a comparison of the amount of drug absorbed
(expressed as area under the curve (AUC)) after administration of two different formulations or reference product. In the
present context, the amount of drug absorbed, expressed as AUC, can be detected in the form of the actual drug
administered, or as a metabolite thereof. The relative bioavailabilty can be expressed as a percentage of a reference
AUC, i.e. AUC %.

[0037] In the present context the term "variability" refers to the variability of PK parameters (e.g. Cmax and AUC) after
administration of a pharmaceutical formulation or a reference formulation. The variability can be expressed as the
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coefficient of variation (CV) for a PK parameter, i.e. the ratio of the standard deviation to the mean.

[0038] In the present context the term "tolerability” refers to the potential of a drug to be endured by subjects and/or
patients. In one aspect, "tolerability" is determined as the potential of a drug to be endured by subjects and/or patients
in early stages of treatment, such as within the first three months of start of therapy, such as within the first month of
start of therapy, such as within the first two weeks of start of therapy, such as within the first week of start of therapy,
such as within the first three days of start of therapy, such as within the first day of start of therapy, such as after the
first dose of the therapy. A drug with better tolerability produces fewer side effects in a subject and/or patient c.f. adrug
with worse tolerability.

[0039] In the present context the term "substantial absence of" refers to a level of less than about 1 %, such as less
than about 0.5 %, such as less than about 0.3 %, such as about 0.0 %.

[0040] In the present context the terms "rate-controlling agent” and "rate-controlling agent in the form of a polymeric
matrix material" are used interchangeably and refer to an agent that is able to delay/sustain and/or prolong the in vivo
and/or in vitro release of the active substance.

[0041] As mentioned above, the invivo and/or in vitro release of the active substance is prolonged, slow and/or delayed
compared with the commercially available Fumaderm® composition. In the present context, the term "prolonged" is
intended to indicate that the active substance is released during a longer time period than Fumaderm® such as at least
during a time period that is at least 1.2 times, such as, e.g., at least 1.5 times, at least 2 times, at least 3 times, at least
4 times or at least 5 times greater than that of Fumaderm®. Thus, if e.g. 100% of dimethylfumarate is released from
Fumaderm® tablets 3 hours after the start of a suitable test, then 100% of dimethylfumarate in a composition according
to the invention is released at least 3.6 hours after the start of a suitable test.

[0042] In the present context the term "delayed"” is intended to indicate that the release of the active substance starts
at a later point in time compared with that of Fumaderm® (such as at 30 min or more later such as, e.g., 45 min or more
later, 1 hour or more later or 1.5 hours or more later).

[0043] In the present context the term "monolithic” refers to consisting of or constituting a single unit.

[0044] Theformulation according to the invention is contemplated to provide improved tolerability, such as fewer and/or
less severe gastrointestinal (Gl) side-effects, such as fewer and/or less severe redness episodes, such as fewer and/or
less severe flushing episodes.

[0045] As used in the present invention, a gastrointestinal (Gl) side effect may include, but is not limited to diarrhea,
stomach ache, stomach pain, abdominal pain, abdominal cramps, nausea, flatulence, tenesmus, meteorism, an in-
creased frequency of stools, a feeling of fullness and upper abdominal cramps.

[0046] In the present context, a reduction of Gl related side effects is intended to denote a decrease in severity and/or
incidence among a given treated patient population, comparing the Gl side effects observed after administration of the
formulation according to the invention to the Gl side effects observed after administration of Fumaderm®. A reduction
in Gl related side effects according to this definition could thus be construed as a substantial reduction in incidence of
any of the Gl side effect listed above, such as at least a 10% reduction in incidence or more preferably at least 20 %
reduction in incidence or even more preferable a more than 30 % reduction in incidence. A reduction in Gl related side
effect can also be expressed as a substantial reduction in severity in any of the Gl side effects listed above, such as a
reduction in severity and/or frequency of diarrhea, stomach ache, stomach pain, abdominal pain, abdominal cramps,
nausea, flatulence, tenesmus, meteorism, increased frequency of stools, afeeling of fullness or upper abdominal cramps.
The reduction of Gl related side effects, as described above, can be monitored in a clinical trial setting, either comparing
the administration of the formulation according to the invention head on with Fumaderm® or with placebo. In case of a
placebo controlled trial, the incidence of Gl related side effects in the patients receiving the formulation according to the
invention compared to the placebo group, can be compared to historical trials comparing Fumaderm® to placebo (see
e.g. Altmeyer et al, J. Am. Acad. Dermatol. 1994; full reference: Altmeyer PJ et al, Antipsoriatic effect of fumaric acid
derivatives. Results of a multicenter double-blind study in 100 patients. J. Am. Acad. Dermatol. 1994; 30:977-81).
[0047] In a further aspect, the formulation according to the invention - upon oral administration and in comparison to
that obtained after oral administration of Fumaderm® tablets in an equivalent dosage - reduce (Gl) side-effects (frequency
and/or severity).

[0048] In one embodiment, such a clinical trial can be carried out as described below under "Clinical trial in patients".
In another embodiment, such a clinical trial can be carried out as described below under "Clinical trial in healthy volun-
teers".

[0049] Clinical trial in patients: Typically, patients suffering from psoriasis are included in such a study, and typically
more than 10% of the body surface area will be affected by psoriasis (severe psoriasis). However, patients in whom
between 2 and 10 percent of the body surface area is affected can also be included (moderate psoriasis). Patients can
also be selected based on the psoriasis area severity index (PASI) score. Typically, patients within a certain range of
PASI scores are included, such as between 10 and 40, or such as between 12 and 30, or such as between 15 and 25.
In another embodiment, patients with a certain minimum PASI score are included, such as a PASI score of at least 8,
such as at least 10, such as at least 12, such as at least 15. Patients with any type of psoriasis may be included (chronic




10

15

20

25

30

35

40

45

50

55

EP 2 564 839 B1

plaque type, exanthematic guttate type, pustular type, psoriatic erythroderma or palmoplantar type), but in some cases
only patients with the chronic plaque type are included. About 15 to 20 patients in each treatment group (formulation
according to the invention, Fumaderm® or placebo) are sufficient in most cases, but more preferably about 30 to 50
patients are included in each arm of the study. Total study duration can be as short as one day to one week, but more
preferably the study will run for 8 weeks to 12 weeks or up to 16 weeks or longer. The side effects can e.g. be assessed
as the total number of times a certain side effect was reported in each group (irrespective of how many patients have
experienced the side effect), or the side effects can be assessed as the number of patients that have experienced a
certain side effect a certain number of times, such as at least once or at least twice or at least three times during the
duration of the study. Furthermore, the severity of a side effect can be monitored, or a certain severity of a side effect
can be required for it to qualify as a side effect in the study. A convenient way of assessing the severity of a side effect
is via a visual analogue (VAS) scale.

[0050] Clinical trial in healthy volunteers: This study will typically be a single center study, following an open-label,
randomized, crossover design to investigate the plasma concentrations, pharmacokinetics, safety and tolerability of
pharmaceutical formulations according to the invention, possibly using the marketed formulation Fumaderm® as refer-
ence. The trial may be carried out as disclosed in detail in example 25 below.

[0051] In a further aspect, the formulation according to the invention - upon oral administration and in comparison to
that obtained after oral administration of Fumaderm® tablets in an equivalent dosage - reduce flushing (frequency and/or
severity).

[0052] In the present context the term "flushing” describes episodic attacks of redness of the skin together with a
sensation of warmth or burning of the face and/or neck, and less frequently the upper trunk and abdomen or the whole
body. It is the transient nature of the attacks that distinguishes flushing from the persistent erythema of photosensitivity
or acute contact reactions. Repeated flushing over a prolonged period of time can lead to telangiectasia and occasionally
to classical rosacea of the face (Greaves MW. Flushing and flushing syndromes, rosacea and perioral dermatitis. In:
Champion RH, et al, eds. Rook/Wilkinson/Ebling textbook of dermatology, 6th ed., vol. 3. Oxford, UK: Blackwell Scientific,
1998: 2099-2104).

[0053] In the present context, a reduction of flushing is intended to denote a decrease in severity and/or incidence/fre-
guency among a given treated patient population of flushing observed after administration of the formulation according
to the invention compared with flushing observed after administration of Fumaderm® and can be measured e.g as
described by O’toole et al. Cancer 2000, 88(4): p. 770-776. A reduction in flushing according to this definition could thus
be construed as a reduction in incidence and/or severity of flushing. In one aspect of the invention, the incidence of
flushing is reduced by at least about a quarter, in another aspect of the invention the incidence is reduced by at least
about a third, in another aspect of the invention the incidence is reduced by at least about half, and in a further aspect
of the invention, the flushing incidence is reduced by about two thirds or more. Likewise, the severity is in one aspect
of the invention reduced by at least about a quarter, in another aspect of the invention by at least about a third, in another
aspect of the invention by at least half, and in a further aspect of the invention by at least about two thirds. A one hundred
percent reduction in flushing incidence and severity is most preferable, butis not required. The reduction of flushing, as
described above, can be monitored in a clinical trial setting, e.g. comparing the administration of the compound according
to the invention with e.g. administration of Fumaderm®. In case of a Fumaderm® controlled trial, the incidence and
severity, defined as mild, moderate or severe, of flushing in the patients receiving the compound according to the invention
compared to the Fumaderm® group, can be compared.

[0054] In one aspect, the severity of flushing is determined as the body surface area involved.

[0055] In one embodiment, such a clinical trial can be carried out as described above under "Clinical trial in patients".
In another embodiment, such a clinical trial can be carried out as described above under "Clinical trial in healthy volun-
[0056] In a further aspect, the formulation according to the invention - upon oral administration and in comparison to
that obtained after oral administration of Fumaderm® tablets in an equivalent dosage - reduce redness (frequency and/or
severity).

[0057] In the present context the term "redness" describes episodic attacks of redness of the skin. In one aspect, the
redness occurs in the face, neck, and less frequently the upper trunk and abdomen.

[0058] Inthe present context, a reduction of redness is intended to denote a decrease in severity and/or incidence/fre-
guency among a given treated patient population of redness observed after administration of the formulation according
to the invention compared with redness observed after administration of Fumaderm® and can e.g. be assessed by a
clinician or nurse. A reduction in redness according to this definition could thus be construed as a reduction in incidence
and/or severity of redness. In one aspect of the invention, the incidence of redness is reduced by at least about a quarter,
in another aspect of the invention the incidence is reduced by at least about a third, in another aspect of the invention
the incidence is reduced by at least about half, and in a further aspect of the invention, the redness incidence is reduced
by about two thirds or more. Likewise, the severity is in one aspect of the invention reduced by at least about a quarter,
in another aspect of the invention by at least about a third, in another aspect of the invention by at least half, and in a
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further aspect of the invention by at least about two thirds. A one hundred percent reduction in redness incidence and
severity is most preferable, but is not required. The reduction of redness, as described above, can be monitored in a
clinical trial setting, e.g. comparing the administration of the compound according to the invention with e.g. administration
of Fumaderm®. In case of a Fumaderm® controlled trial, the incidence and severity, defined as mild, moderate or severe,
of redness in the patients receiving the compound according to the invention compared to the Fumaderm® group, can
be compared.

[0059] In one aspect, the severity of redness is determined as the body surface area involved.

[0060] In one embodiment, such a clinical trial can be carried out as described above under "Clinical trial in patients".
In another embodiment, such a clinical trial can be carried out as described above under "Clinical trial in healthy volun-
teers".

[0061] In one embodiment, the relative bioavailability of the formulation of the invention compared to Fumaderm® is
at least about 75%, such as at least about 80%, such as at least about 85%, such as at least about 20%, such as at
least about 95%, such as about 100%.

[0062] In one embodiment, the relative bioavailability of the formulation of the invention compared to Fumaderm® is
at least about 100%, such as at least about 110%, such as at least about 120%, such as at least about 125%, such as
at least about 130%.

[0063] In one embodiment, the relative bioavailability of the formulation of the invention compared to Fumaderm® is
at the most about 130%, such as at the most about 125%, such as at the most about 120%, such as at the most about
110%, such as at the most about 100%.

[0064] In the present context the term "erosion matrix" refers to a matrix wherein the release of the API does not
depend upon intrinsic diffusion processes but rather is the result of the rate of the matrix erosion. By stripping off the
erodible matrix layers in a well controlled manner, predetermined amounts of the API will be obtained, with the release
of API being dependent on the rate of swelling and dissolution or erosion of the matrix and on the rate of dissolution,
solubility and rate of diffusion of the API.

[0065] In some embodiments of the invention, it has been found that it is possible to obtain sustained release with a
relatively low amount of rate-controlling agent while still obtaining sufficient drug exposure in the narrow window of
absorption available in the small intestine, and thereby providing favourable pharmaco-kinetic properties, such as ade-
quate relative bioavailability c.f. e.g. the prior art Fumaderm® formulation.

[0066] In some further embodiments, it has been found that it is possible to obtain enteric coated sustained release
formulations according to the invention while still obtaining sufficient drug exposure in the narrow window of absorption
available in the small intestine, and thereby providing favourable pharmaco-kinetic properties, such as adequate relative
bioavailability c.f. e.g. the prior art Fumaderm® formulation.

[0067] According to the invention, the rate-controlling agent is hydroxypropyl cellulose.

[0068] As used herein, the term "water-insoluble polymer" means a conventional polymer for pharmaceutical use,
having a solubility of not more than 10 mg/ml in water.

[0069] In a further aspect of the invention, the erosion matrix contains essentially no water-insoluble polymer. In yet
a further aspect, the erosion matrix contains no water-insoluble polymer.

[0070] In the present context the term "essentially no" refers to a level of fess than about 1 %, such as less than about
0.5 %, such as less than about 0.3 %, such as about 0.0 %.

[0071] In an aspect of the invention, the rate-controlling agent is a water-soluble polymer and the erosion matrix
contains essentially no water-insoluble polymer.

[0072] In an aspect of the invention, the rate-controlling agent is a water-soluble polymer and the erosion matrix
contains no water-insoluble polymer.

[0073] According to the Invention the rate-controlling agent is hydroxypropyl cellulose. Many different grades of hy-
droxypropyl cellulose exist depending an e.g. the molecular weight thereof, the degree of etherification, viscosity etc.
Non-limiting exemplary embodiments of commercially available hydroxypropyl celluloses are obtainable from e.g.
Agqualon or Nippon Soda under the trade names KlucelC) HPC-L, HPC-SL, HPC-SSL, HPC-M, HPC-H etc. In an em-
bodiment of the Invention, the rate-controlling agent is hydroxypropyl cellulose having a viscosity (mPa.s) of 3.0-5.9 as
measured in an aqueous solution containing 2% by weight of dry HPC at 20°C. In an embodiment of the Invention, the
rate-controlling agent is HPC-SL.

[0074] According to the Invention the rate-controlling agent is present in an amount of 3-6 % by weight, such as 3-5.5
% by weight.

[0075] The amount, if any, of rate-controlling agent varies in accordance with the specific rate-controlling agent used,
the release profile aimed at, the level and nature of any excipients and additives present in the core tablet, etc.

[0076] According to the invention the formulation further comprises a binder selected from lactose. Lactose is com-
mercially available in a number of different grades depending i.a. on the manufacturing method used resulting in arange
of particle sizes, particle size distributions etc. Examples of lactose include, but are not limited to anhydrous lactose,
lactose made from alpha-lactose-monohydrate, agglomerated lactose, granulated lactose, crystalline lactose, crystalline,
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sieved lactose, sieved lactose (e.g. Prismalac®, such as PrismalLac® 40), crystalline, abrasive lactose (e.g. GranuLac®,
such as GranuLac® 70, GranuLac® 140, GranuLac® 200, GranuLac® 230 and GranuLac® 400), improved lactose,
agglomerated lactose (e.g. Tablettose®, such as Tablettose® 70, Tablettose® 80 and Tablettose® 100), improved
lactose, spraydried lactose (FlowLac®, such as FlowLac® 90 and FlowLac® 100). Lactose is available from e.g. Meggle
Pharma under the trade names PrismalLac®, Capsulac®, such as Capsulac®60, SachelLac®, SpheroLac®, Inhalac®
GranulLac®, suchas GranuLac® 70, GranuLac® 140, GranuLac® 200, GranuLac® 230 and GranuLac®400, SorbolLac®,
Tablettose®, such as Tablettose® 70, Tablettose® 80 and Tablettose® 100, FlowlLac®, such as FlowLac® 90 and
FlowLac® 100.

[0077] In one aspect, the lactose is agglomerated lactose. In another aspect, the lactose is spraydried lactose. In
another aspect, the lactose is abrasive lactose.

[0078] Accordingtothe Invention, the pharmaceuticalformulationinthe form of erosion matrix according to the Invention
comprises:

i) 35 % to 55 % by weight of dimethyl fumarate;
i) 3-6 % by weight of hydroxypropyl cellulose; and
i) 40-60 % by weight of lactose.
[0079] In an embodiment of the invention, the formulation according to the invention comprises:
i) 40 % to 50 % by weight of dimethyl fumarate;

i) 3-6 % by weight of hydroxypropyl cellulose; and
i) 45-55 % by weight of lactose.

[0080] In an embodiment of the invention, the formulation according to the invention comprises:

i) 42 % to 48 % by weight of dimethyl fumarate;
ii) 3-5.5 % by weight of hydroxypropyl cellulose; and
i) 45-52 % by weight of lactose.

[0081] In an embodiment of the invention, the formulation according to the invention comprises:

i) 35 % to 55 % by weight of dimethyl fumarate;

ii) 3-6 % by weight of HPC;

i) 40-60 % by weight of lactose;

iv) 0.15-0.7 % by weight of magnesium stearate; and optionally 0.05-0.25 % by weight of silicon dioxide.

[0082] In an embodiment of the invention, the formulation according to the invention comprises:

i) 40 % to 50 % by weight of dimethyl fumarate;

ii) 3-6 % by weight of HPC;

i) 45-55 % by weight of lactose;

iv) 0.15-0.7 % by weight of magnesium stearate;

and optionally 0.05-0.25 % by weight of silicon dioxide.

[0083] In an embodiment of the invention, the formulation according to the invention comprises:
i) 42 % to 48 % by weight of dimethyl fumarate;
ii) 3-5.5 % by weight of HPC;
i) 45-52 % by weight of lactose;
iv) 0.2-0.5 % by weight of magnesium stearate;
and optionally 0.05-0.2 % by weight of silicon dioxide.

[0084] In an embodiment of the invention, the formulation according to the invention comprises:

A) A tablet core consisting of:
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i) 35 % to 55 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-5% of the particles have a particle size > 500 pm and 45-53% of the particles have a particle size > 250
pm, and 7 - 15% of the particles have a particle size < 100 um;
ii) 3-6 % by weight of HPC;
i) 40-60 % by weight of lactose;
iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0085] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 40 % to 50 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-5% of the particles have a particle size > 500 pm and 45-53% of the particles have a particle size > 250
pm, and 7 - 15% of the particles have a particle size < 100 um;
ii) 3-6 % by weight of HPC;
iii) 45-55 % by weight of lactose;
iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0086] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 42 % to 48 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-5% of the particles have a particle size > 500 pm and 45-53% of the particles have a particle size > 250
pm, and 7 - 15% of the particles have a particle size < 100 um;
ii) 3-5.5 % by weight of HPC;
iii) 45-52 % by weight of lactose;
iv) 0.2-0.5 % by weight of magnesium stearate and 0.05-0.2 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0087] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 35 % to 55 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-7% of the particles have a particle size > 500 pm and 42-59% of the particies have a particle size > 250
pm, and 3 - 12% of the particles have a particle size < 100 pm;
ii) 3-6 % by weight of HPC;
i) 40-60 % by weight of lactose;

iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
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B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0088] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 40 % to 50 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-7% of the particles have a particle size > 500 pm and 42-59% of the particles have a particle size > 250
pm, and 3 - 12% of the particles have a particle size < 100 um;
ii) 3-6 % by weight of HPC;
iii) 45-55 % by weight of lactose;
iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0089] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 42 % to 48 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-7% of the particles have a particle size > 500 pm and 42-59% of the particles have a particle size > 250
pm, and 3 - 12% of the particles have a particle size < 100 um;
ii) 3-5.5% by weight of HPC;
iii) 45-52 % by weight of lactose;
iv) 0.2-0.5 % by weight of magnesium stearate and 0.05-0.2 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0090] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 35 % to 55 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-10% of the particles have a particle size > 500 wm and 40-65% of the particles have a particle size > 250
pm, and 2 - 10% of the particles have a particle size < 100 um;
ii) 3-6 % by weight of HPC;
i) 40-60 % by weight of lactose;
iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0091] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:
i) 40 % to 50 % by weight of dimethyl fumarate as an active substance having a particle size distribution such

that 0-10% of the particles have a particle size > 500 wm and 40-65% of the particles have a particle size > 250
pm, and 2 - 10% of the particles have a particle size < 100 pm;

11



10

15

20

25

30

35

40

45

50

55

EP 2 564 839 B1
ii) 3-6 % by weight of HPC;
iii) 45-55 % by weight of lactose;
iv) 0.15-0.7 % by weight of magnesium stearate and 0.05-0.25 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.
[0092] In an embodiment of the invention, the formulation according to the invention comprises:
A) A tablet core consisting of:

i) 42 % to 48 % by weight of dimethyl fumarate as an active substance having a particle size distribution such
that 0-10% of the particles have a particle size > 500 wm and 40-65% of the particles have a particle size > 250
pm, and 2 - 10% of the particles have a particle size < 100 um;

ii) 3-5.5 % by weight of HPC;

iii) 45-52 % by weight of lactose;

iv) 0.2-0.5 % by weight of magnesium stearate and 0.05-0.2 % by weight of silicon dioxide; and
B) an enteric coating in an amount of about 1.5-3.5 % by weight of the core.

[0093] In an embodiment the formulation according to the invention further comprises one or more lubricants.
[0094] Inanembodimentthe formulation according to the invention further comprises one or more flow control agents.
[0095] In an embodiment the formulation according to the invention further comprises one or more lubricants and one
or more flow control agents.

[0096] In an embodiment the formulation according to the invention further comprises pharmaceutically acceptable
excipients and additives selected from the group comprising lubricants, glidants, disintegrants, flow control agents,
solubilizers, pH control agents, surfactants and emulsifiers.

[0097] In an embodiment, the formulation according to the invention is manufactured without the use of a disintegrant.
[0098] Some of the formulations according to the invention show bi-phasic in vitro dissolution profiles, wherein the
release of the API such as dimethyl fumarate is slower while in the acidic environment of the first two hours of a USP
dissolution apparatus, and faster once the dissolution medium is changed to pH 6.8, even though the solubility of the
API may be the same in acid and alkaline environment. For drugs where a relatively low exposure to the stomach is
desired, but at the same time requiring release/absorption in the small intestine it will thereby be possible to limit the
exposure of the API to the stomach while optimising the exposure of the API to the small intestine. In an embodiment
the in vitro dissolution profile of the formulation is bi-phasic i.e. the release of the API is slower while in the acidic
environment of the first two hours of a USP dissolution apparatus, and faster once the dissolution medium is changed
to pH 6.8.

[0099] The in vitro dissolution rate describes how the amount released of the API contained in a formulation according
to the invention - when subjected to an in vitro dissolution test - changes over time. A higher/faster in vitro dissolution
rate means that a larger amount of the APl is released over a certain period of time, and a lower/slower in vitro dissolution
rate means that a smaller amount of the APl is released over the same period of time - when subjected to the same in
vitro dissolution testing conditions.

[0100] In an embodiment of the invention, the in vitro dissolution test used for determining the in vitro dissolution rate
employs 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium.

[0101] In an embodiment of the invention, the in vitro dissolution rate of the API contained in a non-enteric coated
formulation according to the invention - when subjected to an in vitro dissolution test employing 0.1 N hydrochloric acid
as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate buffer pH 6.8 as dissolution medium
- is higher in the buffer (pH 6.8) phase c.f. the acid phase (0.1 N hydrochloric acid as dissolution medium) of the in vitro
dissolution test, such as at least 10% higher, such as at least 20% higher, such as at least 30% higher, such as at least
40% higher, such as at least 50% higher, such as at least 60% higher, such as at least 70% higher, such as at least
80% higher, such as at least 90% higher, such as at least 100% higher, such as at least 125% higher, such as at least
150% higher, such as at least 200% higher, such as at least 250% higher, such as at least 300% higher, such as at
least 350% higher, such as at least 400% higher in the buffer (pH 6.8) phase c.f. the acid phase (0.1 N hydrochloric acid
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as dissolution medium) of the in vitro dissolution test. In an embodiment the comparison is made between the in vitro
dissolution rate during the first hour of the test (between time = 0 and time = 1 hour) and the in vitro dissolution rate in
the third hour (between time = 2 hours and time = 3 hours) of the test. In another embodiment the comparison is made
between the in vitro dissolution rate during the first two hours of the test (between time = 0 and time = 2 hours) and the
in vitro dissolution rate in the third hour (between time = 2 hours and time = 3 hours) of the test. In another embodiment
the comparison is made between the in vitro dissolution rate during the first two hours of the test (between time = 0 and
time = 2 hours) and the in vitro dissolution rate in the subsequent two hours (between time = 2 hours and time = 4 hours)
of the test. In another embodiment the comparison is made between the in vitro dissolution rate during the first hour of
the test (between time = 0 and time = 1 hour) and the in vitro dissolution rate between time = 2 hours and time = 2.5
hours of the test.

[0102] In an embodiment the formulation according to the invention further comprises one or more coatings. In an
embodiment of the invention said one or more coatings are added in order to improve stability and swallowing charac-
teristics of the tablets or to delay release of the API. In an embodiment thereof said coatings are film coatings and/or
enteric coatings. The film coating may improve swallowing characteristics as well as stability and can also mitigate the
risk of sublimation of the active pharmaceutical ingredient. Furthermore, the film coating may improve the safety aspect
of handling the tablets. A film coat with an overlying enteric coat, or an enteric coat by itself may have similar benefits
to the ones listed above for film coating. However, in addition, the active pharmaceutical ingredient may not be released
in the acidic environment of the gastric ventricle, potentially protecting the gastric mucosa from irritation, if the API has
an irritant potential for the gastric mucosa.

[0103] In an embodiment of the invention said coating is an enteric coating.

[0104] Enteric coating materials may be selected from any of a number of commercially available coating materials.
Non-limiting examples thereof include Eudragit® E, L, S, L30D55, Kollicoat® 30D, Cellulose Acetate Phthalate, Polyvinyl
Acetate Phthalate, and Hypromellose Phthalate.

[0105] Inanembodimentoftheinvention said enteric coating is applied atalevel of about 1.0-5.0% by weight of the core.
[0106] In an embodiment of the invention said enteric coating is applied at a level of about 1.0-4.5% by weight of the
core, such as 1.5-4.0% by weight of the core, such as about 1.5-3.5% by weight of the core, such as about 2.0-3.5% by
weight of the core, such as about 2-3% by weight of the core.

[0107] Inanembodimentoftheinvention said enteric coating is applied atalevel of about 1.5-3.5% by weight of the core.
[0108] Enteric coating is a well established approach to prevent or minimise drug release in the stomach and allow
release in the small intestine. Such enteric polymer coatings work on the principle of pH dependent solubility: insoluble
in the low pH conditions of the stomach but soluble in the near neutral pH environment of the proximal small intestine
having a pH in the range 5-6.

[0109] For drugs requiring absorption in the small intestine this leaves open only a narrow window of release, such
as about 5 hours, such as about 4 hours, such as about 3 hours, such as about 2V2 hours, such as about 2 hours between
solubilisation of the enteric coating and release of the API from the formulation. In some embodiments of the invention,
it has been found that rapid solubilisation of the enteric coating is possible by the application of a relatively thin coat
while surprisingly still obtaining the required protection against the acid environment of the stomach as e.g. shown -
when subjected to an in vitro dissolution test employing 0.1 N hydrochloric acid as dissolution medium during 2 hours-
by less than 10%, such as less than 5%, such as less than 2%, such as about 0% release of the fumaric ester contained
in the formulation.

[0110] In an embodiment of the invention the in vivo release of the fumaric acid ester displays an earlier onset of
release than the prior art formulation Fumaderm®, such as at least 20 minutes, at least 30 minutes, at least 40 minutes,
at least 50 minutes, at least 60 minutes, at least 70 minutes, at least 80 minutes, at least 90 minutes, atleast 100 minutes,
at least 110 minutes, or at least 120 minutes earlier than Fumaderm® under fasting conditions.

[0111] In an embodiment of the invention, the formulation according to the invention comprises an enteric coating and
the in vivo release of the fumaric acid ester displays an earlier onset of release than the prior art formulation Fumaderm®,
such as at least 20 minutes, at least 30 minutes, at least 40 minutes, at least 50 minutes, at least 60 minutes, at least
70 minutes, at least 80 minutes, at least 90 minutes, at least 100 minutes, at least 110 minutes, or at least 120 minutes
earlier than Fumaderm® under fasting conditions.

[0112] In an embodiment of the invention the in vivo release of the fumaric acid ester displays a lag time of 15 minutes
to 2 hours under fasting conditions, such as a lag time of at the most 120 minutes, at the most 110 minutes, at the most
100 minutes, at the most 90 minutes, at the most 80 minutes, at the most 70 minutes, at the most 60 minutes, at the
most 50 minutes, at the most 40 minutes, at the most 30 minutes, at the most 20 minutes, or at the most 15 minutes
under fasting conditions.

[0113] In an embodiment of the invention, the formulation according to the invention comprises an enteric coating and
the in vivo release of the fumaric acid ester displays a lag time of 15 minutes to 2 hours under fasting conditions, such
as a lag time of at the most 120 minutes, at the most 110 minutes, at the most 100 minutes, at the most 90 minutes, at
the most 80 minutes, at the most 70 minutes, at the most 60 minutes, at the most 50 minutes, at the most 40 minutes,
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at the most 30 minutes, at the most 20 minutes, or at the most 15 minutes under fasting conditions.

[0114] Inanembodimentofthe invention, the release of the fumaric acid ester - when subjected to anin vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 50 % w/w of the fumaric ester contained in
the formulation is released, and/or

within the first 3 hours after start of the test from about 20 % w/w to about 75 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0115] Inanembodimentofthe invention, the release of the fumaric acid ester - when subjected to anin vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 3.5 hours after start of the test at the most about 95 % w/w of the total amount of the fumaric acid
ester contained in the formulation is released.

[0116] Inanembodimentofthe invention, the release of the fumaric acid ester - when subjected to anin vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 4 hours after start of the test at the most about 98 % w/w of the total amount of the fumaric acid ester
contained in the formulation is released.

[0117] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 60 % w/w, such as about 0 % w/w to about
50 % w/w, such as about 0 % w/w to about 40 % w/w, such as about 0 % w/w to about 30 %, such as about 0 %
w/w to about 20 %, such as about 0 % w/w to about 10 %, such as about 0 % w/w to about 5 %, such as about O
% wiw of the fumaric ester contained in the formulation is released, and/or

within the first 3 hours after start of the test from about 15 % w/w to about 95 % w/w, such as about 20 % w/w to
about 95 % w/w, such as about 20 % w/w to about 75 % w/w, such as about 25 % w/w to about 75 % w/w, such as
about 40 % w/w to about 95 % w/w, such as about 40 % w/w to about 75 % w/w, such as about 50 % w/w to about
95 % w/w, such as about 50 % w/w to about 75 %, such as about 60 % w/w to about 95 % w/w, such as about 60
% w/w to about 75 %, such as about 70 % w/w to about 95 %, such as about 80 % w/w to about 95 %, such as
about 90 % w/w to about 95 % of the total amount of the fumaric acid ester contained in the formulation is released.

[0118] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 60 % w/w, such as about 0 % w/w to about
5 % w/w, such as about 0 % w/w to about 10 % w/w, or such as about 15 % w/w to about 35 % w/w, or such as
about 35 % w/w to about 55 % w/w of the fumaric ester contained in the formulation is released, and/or

within the first 3 hours after start of the test from about 15 % w/w to about 95 % w/w, such as about 15 % w/w to
about 75 % w/w, such as about 20 % w/w to about 75 % w/w, such as about 15 % w/w to about 35 % w/w, or such
as about 35 % w/w to about 55 % w/w, or such as about 55 % w/w to about 75 %, or such as about 65 % w/w to
about 85 %, or such as about 70 % w/w to about 80 %, or such as about 75 % w/w to about 95 %, or such as about
85 % wiw to about 95 % of the total amount of the fumaric acid ester contained in the formulation is released.

[0119] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution

test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:
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within the first 2 hours after start of the test from about 1% w/w to about 25 % w/w of the fumaric ester contained in
the formulation is released, and/or

within the first 3 hours after start of the test from about 15 % w/w to about 95 % w/w, such as about 15 % w/w to
about 75 % w/w, such as about 25 % w/w to about 95 % w/w, such as about 25 % w/w to about 75 % w/w, such as
about 40 % w/w to about 95 % w/w, such as about 40 % w/w to about 75 % w/w, such as about 50 % w/w to about
95 % w/w, such as about 50 % w/w to about 75 %, such as about 60 % w/w to about 95 % w/w, such as about 60
% wiw to about 75 %, such as about 70 % w/w to about 95 % w/w, such as about 80 % w/w to about 95 % w/w,
such as about 90 % w/w to about 95 % w/w of the total amount of the fumaric acid ester contained in the formulation
is released.

[0120] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 1% w/w to about 25 % w/w of the fumaric ester contained in
the formulation is released, and/or

within the first 3 hours after start of the test from about 15 % w/w to about 95 % w/w, such as about 15 % w/w to
about 75 % w/w, such as about 15 % w/w to about 35 % w/w, or such as about 35 % w/w to about 55 % w/w, or
such as about 55 % w/w to about 75 %, or such as about 65 % w/w to about 85 %, or such as about 70 % w/w to
about 80 %, or such as about 75 % w/w to about 95 %, or such as about 85 % w/w to about 95 % of the total amount
of the fumaric acid ester contained in the formulation is released.

[0121] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 3.5 hours after start of the test at the most about 100 % w/w, such as about 30 % w/w to about 100
% wiw, such as about 30 % w/w to about 95 % w/w, such as about 40 % w/w to about 100 % w/w, such as about
40 % w/w to about 95 % w/w, such as about 50 % w/w to about 100 % w/w, such as about 50 % w/w to about 95
%, such as about 60 % w/w to about 100 % w/w, such as about 60 % w/w to about 95 %, such as about 70 % w/w
to about 100 % w/w, such as about 70 % w/w to about 95 %, such as about 80 % w/w to about 100 % w/w, such
as about 80 % w/w to about 95 %, such as about 90 % w/w to about 100 % w/w, such as about 90 % w/w to about
95 % wiw of the total amount of the fumaric acid ester contained in the formulation is released.

[0122] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 3.5 hours after start of the test at the most about 100 % w/w, such as about 30 % w/w to about 90 %
w/w, such as about 30 % w/w to about 50 % w/w, or such as about 60 % w/w to about 80 %, or such as about 80
% wiw to about 95 % of the total amount of the fumaric acid ester contained in the formulation is released.

[0123] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 4 hours after start of the test at the most about 100 % w/w, such as about 35 % w/w to about 100 %
w/w, such as about 35 % w/w to about 98 % w/w, such as about 40 % w/w to about 100 % w/w, such as about 40
% wiw to about 98 % w/w, such as about 50 % w/w to about 100 % w/w, such as about 50 % w/w to about 98 %,
such as about 60 % w/w to about 100 % w/w, such as about 60 % w/w to about 98 %, such as about 70 % w/w to
about 100 % w/w, such as about 70 % w/w to about 98 %, such as about 80 % w/w to about 100 % w/w, such as
about 80 % w/w to about 98 %, such as about 90 % w/w to about 100 % w/w, such as about 90 % w/w to about 98
% of the total amount of the fumaric acid ester contained in the formulation is released.

[0124] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
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buffer pH 6.8 as dissolution medium - is as follows:

within the first 4 hours after start of the test at the most about 100 % w/w, such as about 35 % w/w to about 98 %
w/w, such as about 50 % w/w to about 70 %, or such as about 85 % w/w to about 95 % w/w of the total amount of
the fumaric acid ester contained in the formulation is released.

[0125] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 4 hours after start of the test at the most about 95 % w/w, such as at the most about 90 % w/w, such
as at the most about 70% of the total amount of the fumaric acid ester contained in the formulation is released.

[0126] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 15 % w/w to about 35 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 30 % w/w to about 50 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 50 % w/w to about 70 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0127] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 15 % w/w to about 35 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 30 % w/w to about 50 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 50 % w/w to about 70 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 5 hours after start of the test from about 70 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0128] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate

buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 30 % w/w to about 55 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and
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within the first 3.5 hours after start of the test from about 60 % w/w to about 80 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 80 % w/w to about 95 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0129] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:
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within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 30 % w/w to about 55 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 60 % w/w to about 80 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 80 % w/w to about 95 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 5 hours after start of the test from about 80 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0130] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 60 % w/w to about 85 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 80 % w/w to about 95 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 85 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0131] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate

buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 60 % w/w to about 85 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 80 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 85 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0132] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
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test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 15% w/w to about 35 % w/w of the fumaric ester contained
in the formulation is released, and

within the first 3 hours after start of the test from about 55 % w/w to about 80 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 70 % w/w to about 90 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 80 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0133] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 10 % w/w to about 30 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 15 % w/w to about 40 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 30 % w/w to about 50 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0134] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate

buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 10 % w/w to about 30 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 15 % w/w to about 40 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 30 % w/w to about 50 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 6 hours after start of the test from about 75 % w/w to about 100 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released.

[0135] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate

buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 5 % w/w to about 25 % w/w of the total amount of the fumaric
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acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 10 % w/w to about 30 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 20 % w/w to about 40 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0136] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 5 % w/w to about 25 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 10 % w/w to about 30 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 20 % w/w to about 40 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 5 hours after start of the test from about 30 % w/w to about 50 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0137] Inanembodimentof the invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:

within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 2 % w/w to about 20 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 5 % w/w to about 20 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 5 % w/w to about 25 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0138] Inanembodimentofthe invention the release of the fumaric acid ester - when subjected to an in vitro dissolution
test employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium - is as follows:
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within the first 2 hours after start of the test from about 0% w/w to about 5 % w/w of the total amount of the fumaric
ester contained in the formulation is released, and

within the first 3 hours after start of the test from about 2 % w/w to about 20 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and

within the first 3.5 hours after start of the test from about 5 % w/w to about 20 % w/w of the total amount of the
fumaric acid ester contained in the formulation is released; and

within the first 4 hours after start of the test from about 5 % w/w to about 25 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released; and
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within the first 5 hours after start of the test from about 10 % w/w to about 30 % w/w of the total amount of the fumaric
acid ester contained in the formulation is released.

[0139] In an embodiment of the invention the release has zero order, first order or square-root (Higuchi’s) kinetics
release profile.

[0140] Inafurtherembodimentthe invitrorelease has acombinationofzero order, first order and square-root (Higuchi’s)
kinetics in vitro release profiles, e.g. a combination of zero and first order in vitro release profiles.

[0141] Different kinetic models, such as zero-order (1), first-order (2), square-root (Higuchi ’s equation) (3) can be
applied to the interpretation of the drug release kinetic.

1: M = Mg + ko*t
2: InM; = InM + k;*t
3: Mt = Mo - kH*t1/2

[0142] Inthese equations, M; is the cumulative amount of drug released at any specified time point and My, is the dose
of active substance incorporated in the pharmaceutical compostion. kg, k1 and ky are rate constants for zero-order, first-
order and Higuchi’s equation, respectively.

[0143] One aspect of the invention relates to a zero-order dissolution release profile. Another aspect relates to a first-
order dissolution release profile. A further aspectrelates to a square-root (Higuchi’s equation) dissolution release profile.
[0144] The formulation according to the invention comprises dimethylfumarate as the active substance.

[0145] In another embodiment, the formulation according to the invention consists essentially of dimethylfumarate as
the active substance.

[0146] In another embodiment, the formulation according to the invention consists of dimethylfumarate as the active
substance.

[0147] In a further embodiment, the formulation according to the invention comprises dimethylfumarate and mono-
methylfumarate (optionally in the form of a pharmaceutically acceptable salt like e.g. its sodium, potassium, calcium,
magnesium, strontium and/or zinc salt) as the active substances, in a weight ratio between about 1:10 and about 10:1.
[0148] In a further embodiment, the formulation according to the invention consists essentially of dimethylfumarate
and monomethylfumarate (optionally in the form of a pharmaceutically acceptable salt like e.g. its sodium, potassium,
calcium, magnesium, strontium and/or zinc salt) as the active substances, in a weight ratio between about 1:10 and
about 10:1.

[0149] In a further embodiment, the formulation according to the invention consists of dimethylfumarate and mono-
methylfumarate (optionally in the form of a pharmaceutically acceptable salt like e.g. its sodium, potassium, calcium,
magnesium, strontium and/or zinc salt) as the active substances, in a weight ratio between about 1:10 and about 10:1.
[0150] Inanembodimentthe formulation according to the invention is for administration once, twice or three times daily.
[0151] In an embodiment the formulation is for administration once daily.

[0152] In an embodiment the formulation is for administration twice daily.

[0153] The daily dosage of the controlled release pharmaceutical formulation according to the invention that is admin-
istered to treat a patient depends on a number of factors among which are included, without limitation, weight and age
and the underlying causes of the condition or disease to be treated, and is within the skill of a physician to determine.
[0154] In one aspect of the invention the daily dosage can be e.g. from 200 to 400 mg active substance given in one
to three doses, in another aspect from 300 to 500 mg active substance given in one to three doses, in another aspect
400 to 600 mg active substance given in one to three doses, in another aspect 500 to 700 mg active substance given
in one to three doses, in another aspect 600 to 800 mg active substance given in one to three doses, in another aspect
700 to 900 mg active substance given in one to three doses, in another aspect 800 to 1000 mg active substance given
in one to three doses, in another aspect 900 to 1100 mg active substance given in one to three doses, in another aspect
1000 to 1200 mg active substance given in one to three doses, in another aspect 1100 to 1300 mg active substance
given in one to three doses, in another aspect 1200 to 1400 mg active substance given in one to three doses and in yet
another aspect 1300 to 2000 mg active substance given in one to three doses.

[0155] Preparation of the erosion matrix tablets according to the invention may be obtained by granulation, followed
by tabletting and optionally film and/or enteric coating of the core tablets obtained. The core can for example be made
by conventional wet granulation or continuous granulation such as extrusion followed by compaction of the granules
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into tablets. The core may then be coated using an appropriate technology, preferably by air suspension.
[0156] A method for preparing the formulation according to the invention, comprises the steps of:

a) Dissolving (or suspending) either dimethyl fumarate and optionally arate-controlling agentin the form of a polymeric
matrix material in water to obtain an aqueous suspension thereof;

b) Spraying said aqueous suspension an granules of afumaric acid ester and/or a binder for a period of time sufficient
to obtain a uniform coating thereon;

c) Drying the granules obtained;
d) Optionally sieving or milling said granules;

e) Blending of any pharmaceutically acceptable excipients and additives in a manner known per se to obtain a tablet
formulation;

f) Optionally film and/or enteric coating of said tablet formulation in a manner known per se;

[0157] wherein any of or all of the above steps are performed at a temperature to allow a product temperature not
exceeding 45°C. In an embodiment of the invention any of or all of the above steps are performed at a temperature to
allow a product temperature not exceeding 40°C, such as not exceeding 35 °C, such as not exceeding 30°C. Thus it
has surprisingly been shown that the preparation of the formulation according to the invention may be obtained by the
use of solely water as solvent, thus obviating the need for any organic solvents. Furthermore all process steps may be
carried out at a rather low temperature. Thereby any sublimation of the active pharmaceutical ingredient is minimised
or reduced and an energy-efficient process is obtained, mitigating loss of API, thus reducing cost as well as improving
environmental and workers’ safety.

[0158] In the present context particle size is measured by conventional sieve analysis known to the person skilled in
the art.

[0159] In an embodiment of the invention the fumaric acid ester is micronized to obtain a particle size, wherein at least
90 % of the particles have a particle size of at most 50 wm, such as at most 30 pm, such as at most 10 wm, prior to step
a) above.

[0160] Inanother embodiment, the mean particle size of the active pharmaceutical ingredient (the fumaric acid ester(s))
is reduced, e.g. by sieving or milling, such that at least 50% of the particles have a particle size of less than 800 um,
such as less than 600 um, such as less than 500 um, such as less than 400 pum, such as less than 200 um, prior to
step a) above.

[0161] Inanother embodiment, the mean particle size of the active pharmaceutical ingredient (the fumaric acid ester(s))
is reduced, e.g. by sieving or milling, such that at least 80% of the particles have a particle size of less than 800 um,
such as less than 600 um, such as less than 500 um, such as less than 400 pum, such as less than 200 um, prior to
step a) above.

[0162] Inanother embodiment, the mean particle size of the active pharmaceutical ingredient (the fumaric acid ester(s))
is reduced, e.g. by sieving or milling, such that at least 90% of the particles have a particle size of less than 800 um,
such as less than 600 um, such as less than 500 um, such as less than 400 pum, such as less than 200 um, prior to
step a) above.

[0163] In another embodiment, crystals of fumaric acid ester are sieved or milled such that 90% of the particles have
a particle size in the range of 5 - 1000 wm, such as in the range of 10 - 900 pm, such as in the range of 20 - 800 um,
such as in the range of 30 -750 wm, such as in the range of 40-600 pum, such as in the range of 50-500 wm, such as in
the range of 100-400 pum, such as in the range of 200-300 wm, such as in the range of 300-600 pum, such as in the range
of 300-400 pm, such as in the range of 400-600 wm or such as in the range of 500-600 pum, prior to step a) above.
[0164] Inanother embodiment, the mean particle size of the active pharmaceutical ingredient (the fumaric acid ester(s))
is in the range of 5- 1000 wm, such as in the range of 10 - 900 pm, such as in the range of 20 - 800 um, such as in the
range of 30 -750 wm, such as in the range of 40-600 um, such as in the range of 50-500 um, such as in the range of
100-400 pwm, such as in the range of 200-300 u.m, such as in the range of 300-600 pum, such as in the range of 300-400
pm, such as in the range of 400-600 pm or such as in the range of 500-600 wm, prior to step a) above.

[0165] In another embodiment, the particle size distribution of the active pharmaceutical ingredient (the fumaric acid
ester(s)) is such that 0-5% of the particles have a particle size > 500 um and 45-53% of the particles have a particle
size > 250 wm, prior to step a) above. In a variant hereof 7 - 15% of the particles have a particle size < 100 pum, prior to
step a) above.

[0166] In another embodiment, the particle size distribution of the active pharmaceutical ingredient (the fumaric acid
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ester(s)) is such that 0-7% of the particles have a particle size > 500 um and 42-59% of the particles have a particle
size > 250 wm, prior to step a) above. In a variant hereof 3 - 12% of the particles have a particle size < 100 pum, prior to
step a) above.

[0167] In another embodiment, the particle size distribution of the active pharmaceutical ingredient (the fumaric acid
ester(s)) is such that 0-10% of the particles have a particle size > 500 um and 40-65% of the particles have a particle
size > 250 wm, prior to step a) above. In a variant hereof 2 - 10% of the particles have a particle size < 100 pum, prior to
step a) above.

[0168] In an embodiment of the invention the mean particle size of the active pharmaceutical ingredient (the fumaric
acid ester(s)) is reduced, e.g. by sieving or milling, wherein said sieving or milling is performed producing a minimum
amountof heat. Thereby any sublimation of the active pharmaceutical ingredient is minimised or reduced and an energy-
efficient process is obtained, mitigating loss of API, thus reducing cost as well as improving environmental and workers’
safety. The sieving or milling may take place as a single sieving or milling step or may optionally be repeated several
times to obtain the required particle distribution. In one embodiment of the invention, the sieving or milling takes place
as a two-step process. In one embodiment of the invention, where the sieving or milling is performed as several steps
an agent for reducing agglomeration is added in between the steps.

[0169] Without being bound by theory the present inventors believe that the active pharmaceutical ingredient (the
fumaric acid ester(s)) having a particle size distribution in the above ranges results in a slower in vitro dissolution and
thereby enables the use of a lower amount of rate-controlling agent compared to a formulation having a particle size
distribution with a higher particle size e.g. such that more than 10% of the particles have a particle size > 500 pm and/or
more than 65% of the particles have a particle size > 250 um.

[0170] In one aspect, the lower amount of rate-controlling agent enables manufacture of a tablet with a high drug load
such as at least 40%, 45 %, 50 %, 55%, or 60% active pharmaceutical ingredient based on the total tablet weight.
[0171] In an embodiment of the method step b) is performed in a fluid bed granulator.

[0172] A method for preparing the formulation according to the invention, comprises the steps of:

a) Dissolving (or suspending) a rate-controlling agent in the form of a polymeric matrix material in water to obtain
an agqueous suspension thereof;

b) Spraying said aqueous suspension on granules of dimethyl fumarate for a period of time sufficient to obtain a
uniform coating thereon;

c) Drying the granules obtained;
d) Optionally sieving or milling said granules;

e) Blending of any pharmaceutically acceptable excipients and additives in a manner known per se to obtain a tablet
formulation;

f) Optionally film and/or enteric coating of said tablet formulation in a manner known per se;

[0173] wherein any of or all of the above steps are performed at a temperature to allow a product temperature not
exceeding 45°C. In an embodiment of the invention any of or all of the above steps are performed at a temperature to
allow a product temperature not exceeding 40°C, such as not exceeding 35 °C, such as not exceeding 30°C. Thereby
any sublimation of the active pharmaceutical ingredient is minimised or reduced and an energy-efficient process is
obtained, mitigating loss of API, thus reducing cost as well as improving environmental and workers’ safety.

[0174] In an embodiment of the invention the fumaric acid ester is micronized to obtain a particle size, wherein at least
90 % of the particles have a particle size of at most 50 wm, such as at most 30 um, such as at most 10 wm, prior to step
b) above.

[0175] Inanother embodiment, the mean particle size of the active pharmaceutical ingredient (the fumaric acid ester(s))
is reduced, e.g. by sieving or milling, wherein at least 90% of the particles have a particle size of at most 800 um, such
as at most 600 wm, such as at most 500 um, such as at most 400 pum, such as at most 200 um, prior to step b) above.
[0176] In an embodiment of the method step b) is performed in a fluid bed granulator.

[0177] Another embodiment of the invention is a method for preparing the formulation according to the invention,
comprising the steps of:

a) Optionally sieving or milling crystals of dimethyl fumarate;

b) Blending of said crystals of dimethyl fumarate, hydroxypropyl cellulose in the form of a polymeric matrix material,
and any pharmaceutically acceptable excipients and additives by direct compression to obtain a tablet formulation;
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c) Optionally film and/or enteric coating of said tablet formulation in a manner known per se;

wherein any of or all of the above steps are performed at a temperature to allow a product temperature not exceeding
45°C. In an embodiment of the invention any of or all of the above steps are performed at a temperature to allow a
product temperature not exceeding

[0178] 40°C, such as not exceeding 35 °C, such as not exceeding 30°C. Thereby any sublimation of the active phar-
maceutical ingredient is minimised or reduced and an energy-efficient process is obtained, mitigating loss of API, thus
reducing cost as well as improving environmental and workers’ safety.

[0179] Another embodiment of the invention is a method for preparing the formulation according to the invention,
comprising the steps of:

a) Optionally sieving or milling crystals of dimethyl fumarate;

b) Blending said crystals of dimethyl fumarate with any pharmaceutically acceptable excipients and hydroxypropyl
cellulose in the form of a polymeric matrix material in a manner known per se to obtain a tablet formulation;

¢) Roller compaction of this blend and sieving/milling thereof in order to obtain granules;

d) Admixing of any further pharmaceutically acceptable excipients to the granules to obtain a final mix ready for
tabletting;

e) Compression to tablets;
f) Optionally film and/or enteric coating of said tablets.

[0180] In an embodiment of the invention the fumaric acid ester is preblended with one or more pharmaceutically
acceptable excipients before step a) above.

[0181] The stability of the formulations according to the invention may be determined by measuring the initial in vitro
dissolution profile of the tablets and the in vitro dissolution profile after different periods of storage and comparing the
in vitro dissolution profiles obtained. In an embodiment of the invention the tablets are stable for at least 6 months, such
as at least 9 months, such as at least 12 months, such as at least 18 months, such as at least 24 months. The stability
of the formulations according to the invention may also be determined by standardized methods for measuring any
changes in for example assay, colour or degradation products.

[0182] In an embodiment of the invention, stability of a formulation can be defined by objective criteria, such as e.g.
a certain maximum change of the amount of API released at a predetermined time point during a standardized in vitro
dissolution test, when comparing the initial testing time point to testing at a later point in time. In an embodiment of the
invention, the amount of the API released from the formulation stored under ICH conditions (such as 25 degrees C/60%
RH, such as 30 degrees C/65% RH, such as 40 degrees C/75% RH) for a certain period of time (such as at least 1
month, such as at least 3 months, such as at least 6 months, such as at least 9 months, such as at least 12 months)
c.f. the initial time point (time = 0, set down of stability testing) - when subjected to an in vitro dissolution test employing
0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate buffer pH
6.8 as dissolution medium - is as follows:

1 hour after start of the test, a difference of less than 10 percentage points, such as less than 9 percentage points,
such as less than 8 percentage points, such as less than 6 percentage points, such as less than 4 percentage points,
such as less than 2 percentage points, such asless than 1 percentage pointin the amountof the active pharmaceutical
ingredient released from the formulation is observed, and/or

2 hours after start of the test, a difference of less than 10 percentage points, such as less than 9 percentage points,
such as less than 8 percentage points, such as less than 6 percentage points, such as less than 4 percentage points,
such as less than 2 percentage points, such asless than 1 percentage pointin the amountof the active pharmaceutical
ingredient released from the formulation is observed, and/or

3 hours after start of the test, a difference of less than 10 percentage points, such as less than 9 percentage points,
such as less than 8 percentage points, such as less than 6 percentage points, such as less than 4 percentage points,
such as less than 2 percentage points, such asless than 1 percentage pointin the amountof the active pharmaceutical
ingredient released from the formulation is observed, and/or
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4 hours after start of the test, a difference of less than 10 percentage points, such as less than 9 percentage points,
such as less than 8 percentage points, such as less than 6 percentage points, such as less than 4 percentage points,
such as less than 2 percentage points, such asless than 1 percentage pointin the amountof the active pharmaceutical
ingredient released from the formulation is observed, and/or

5 hours after start of the test, a difference of less than 10 percentage points, such as less than 9 percentage points,
such as less than 8 percentage points, such as less than 6 percentage points, such as less than 4 percentage points,
such as less than 2 percentage points, such asless than 1 percentage pointin the amountof the active pharmaceutical
ingredient released from the formulation is observed.

[0183] In an embodiment the pharmaceutical formulation according to the invention is for use for the treatment of
psoriasis, psoriatic arthritis, neurodermatitis, inflammatory bowel disease, such as Crohn’s disease and ulcerative colitis,
polyarthritis, multiple sclerosis (MS), juvenile-onset diabetes mellitus, Hashimoto’s thyroiditis, Grave’s disease, SLE
(systemic lupus erythematosus), Sjogren’s syndrome, Pernicious anemia, Chronic active (lupoid) hepatitis, Rheumatoid
arthritis (RA), lupus nephritis, myasthenia gravis, uveitis, refractory uveitis, vernal conjunctivitis, pemphigus vulgaris,
scleroderma, optic neuritis, pain such as radicular pain, pain associated with radiculopathy, neuropathic pain or sciati-
ca/sciatic pain, organ transplantation (prevention of rejection), sarcoidosis, necrobiosis lipoidica or granuloma annulare.
[0184] An embodiment is the use of a pharmaceutical formulation according to the invention for the preparation of a
medicament for the treatment of psoriasis, psoriatic arthritis, neurodermatitis, inflammatory bowel disease, such as
Crohn’s disease and ulcerative colitis, polyarthritis, multiple sclerosis (MS), juvenile-onset diabetes mellitus, Hashimoto’s
thyroiditis, Grave’s disease, SLE (systemic lupus erythematosus), Sjogren’s syndrome, Pernicious anemia, Chronic
active (lupoid) hepatitis, Rheumatoid arthritis (RA), lupus nephritis, myasthenia gravis, uveitis, refractory uveitis, vernal
conjunctivitis, pemphigus vulgaris, scleroderma, optic neuritis, pain such as radicular pain, pain associated with radic-
ulopathy, neuropathic pain or sciatica/sciatic pain, organ transplantation (prevention of rejection), sarcoidosis, necrobiosis
lipoidica or granuloma annulare.

[0185] In an embodiment of the invention the formulation according to the invention is for use in the treatment of
psoriasis.

[0186] In an embodiment of the invention the formulation according to the invention is for use in the treatment of
psoriatic arthritis.

[0187] In an embodiment of the invention the formulation according to the invention is for use in the treatment of
multiple sclerosis or relapsing-remitting multiple sclerosis.

[0188] In an embodiment of the invention the formulation according to the invention is for use in the the treatment of
rheumatoid arthritis.

[0189] It is to be understood that this invention is not limited to particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention will be limited only by the
appended claims. Where a range of values is provided, it is understood that each intervening value, to the tenth of the
unit of the lower limit unless the context clearly dictates otherwise, between the upper and lower limit of that range and
any other stated or intervening value in that stated range is encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be included in the smaller ranges and are encompassed within the
invention, subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included limits are also included in the invention. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the preferred methods and materials
are described. It must be noted that as used herein and in the appended claims, the singular forms "a", "an", and "the"
include plural referents unless the context clearly dictates otherwise. The patents and publications discussed herein are
provided solely for their disclosure prior to the filing date of the present application.

[0190] The figures shown herein are not necessarily drawn to scale, with some components and features being
exaggerated for clarity.

EXAMPLES
[0191] Examples 2, 14-18, 23, 24, 37, 40-42 are included for reference.

[0192] During the carrying out of all the following steps in examples 1-24 and 26-42 necessary precautions are taken
(protective clothing with external air supply, double gloves, arm covers, breathing mask, etc.).
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Example 1

Preparation of core tablets

[0193] 540.5 g of micronized dimethyl fumarate (mean particle size 10 pum) and 31.5 g hydroxypropyl cellulose HPC-
SL was suspended in 1716 g purified water. The suspension was sprayed over app. 2 hours onto 405.5 g Granulac®140
lactose placed in the basket of a fluid bed granulator. The granules were dried for 5 minutes. A seal coat was applied
by spraying a solution of 22.5 g HPC-SL in 2265.5 g purified water over app. 2 hours. The product temperature never
exceeded 35°C. Different batches were blended and sieved through a 1.1 mm sieve.

[0194] 183.3 g of the dried, sieved granules were blended with 58.7 g spray-dried lactose (FlowLac® 100) with a barrel
blender at 30 rpm over 15 minutes. Finally, 2.4 g magnesium stearate was added and blended over additional 10 minutes
at 30 rpm. The final blend was pressed into biconvex tablets with a diameter of 10 mm and a weight of 375 mg.

Example 2

Preparation of core tablets

[0195] 540.5 g of non-micronized dimethyl fumarate and 405.5 g Granulac® 140 were placed in the basket of a fluid
bed granulator. 62.1 g hydroxypropyl cellulose HPC-SL was dissolved by stirring in 3043 g purified water and sprayed
on DMF over 2.5 hours. The granules were dried over 4 minutes at 29°C and sieved through a 1.1 mm sieve. The product
temperature never exceeded 30°C.

[0196] 135 g of the dried granules were blended with 30.4 g spray-dried lactose (FlowLac® 100), 24.4 g HPC-SL and
0.3 g Aerosil with a barrel blender at 30 rpm over 15 minutes. Finally, 1.8 g magnesium stearate was added and blended
over additional 10 minutes at 30 rpm. The final blend was pressed into biconvex tablets with a diameter of 10 mm and
a weight of 315.5 mg.

Example 3

Preparation of core tablets

[0197] 621.5 g of non-micronized dimethyl fumarate (mean particle size 500 um) was suspended in 1793.5 g purified
water and stirred with an Ultra-turrax for 5 hours to reduced particle size. Then 36.2 g hydroxypropyl cellulose HPC-SL
was added. The suspension was sprayed over app. 2 hours onto 405.5 g Granulac® 140 placed in the basket of a fluid
bed granulator. The granules were dried for 5 minutes. Hereafter a seal coat prepared from 26.3 g HPC-SL in 2605 g
purified water was applied by spraying the solution over app. 2 hours onto the granules. The product temperature never
exceeded 30°C.

[0198] 183.3 g of the dried granules were blended with 58.7 g spray-dried lactose (FlowLac1® 100) and 0.5 g Aerosil
with a barrelblender at 30 rpm over 15 minutes. Finally, 2.2 g magnesium stearate was added and blended over additional
10 minutes at30 rpm. Thefinal blend was pressed into biconvex tablets with a diameter of 10 mm and aweightof 375.4 mg.

Example 4

Preparation of core tablets

[0199] 1200gof non-micronizeddimethylfumarate was placed inthe basketof afluid bed granulator. 75 g hydroxypropyl
cellulose HPC-SL was dissolved by stirring in 2925 g purified water and sprayed on DMF over app. 2.5 hours until 70
g HPC was sprayed. The granules were dried over 4 minutes at 29°C and sieved through a 1.1 mm sieve. The product
temperature never exceeded 30°C.

[0200] 378.2 g of the dried granules were blended with 400.6 g spray-dried lactose (FlowLac® 100), 14.6 g HPC-SL
and 0.9 g Aerosil with a barrel blender at 30 rpm over 15 minutes. Finally, 5,8 g magnesium stearate was added and
blended over additional 10 minutes at 30 rpm. The final blend was pressed into biconvex tablets with a diameter of 8
mm and a weight of 275 mg.
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Example 5
Film coating of core tablets according to example 4

Film coating:

[0201] For film coating of 800 g core tablets a 15% suspension of Opadry was prepared by adding 36 g Opadry to
204 g purified water. App. 66% of this suspension was sprayed onto the core tablets over 35 minutes in a fluid bed
chamber. The product temperature never exceeded 40°C. The coating process was followed by a drying period of 16
minutes at 30 °C.

Example 6

Film and enteric coating of core tablets according to example 4

Film coating

[0202] Film coating was done with 800 g core tablets. A 15% suspension of Opadry was prepared by adding 18 g
Opadry to 102 g purified water. App. 66% of this suspension was sprayed onto the core tablets over 20 minutes in a
fluid bed chamber. The product temperature never exceeded 40°C. The coating process was followed by a drying period
of 9 minutes at 30 °C.

Enteric coating

[0203] 1 kg gastric acid-resistant coating fluid was prepared by heating 350 ml purified water to 70 - 80°C, adding 20
g triethyl citrate, 3 g glyceryl monostearate (Cutina GMS V), 1 g Tween 80 and stirring with the UltraTurrax for 10 minutes
to achieve a homogenous mixture. 427.8 g purified water was added and the mixture was stirred with a propeller stirrer
until the emulsion had reached room temperature. This emulsion was then added slowly to 210 g of a Eudragit L30 D
55 dispersion. Approximately 66% of the resulting gastric acid-resistant coating fluid was sprayed on 780 g film coated

tablets in a fluid bed chamber at a temperature of 30 °C over app. 2.5 hours. A drying period at 30°C for 30 minutes and
a curing period at 35°C for additional 30 minutes followed.

Example 7

[0204] Enteric coating of core tablets according to example 4

Enteric coating

[0205] 1 kg gastric acid-resistant coating fluid was prepared and sprayed on core tablets as disclosed in example 6.
Example 8

[0206] Granules were prepared as disclosed in example 4.

[0207] 416 g of the dried granules were blended with 360.8 g spray-dried lactose (FlowLac® 100), 16 g HPC-SL and
1 g Aerosil with a barrel blender at 30 rpm over 15 minutes. Finally, 6.4 g magnesium stearate was added and blended
over additional 10 minutes at 30 rpm. The final blend was pressed into biconvex tablets with a diameter of 8 mm and a
weight of 250 mg.

Example 9

Film coating of core tablets according to example 8

Film coating

[0208] Film coating was carried out as disclosed in example 5.

26



10

15

20

25

30

35

40

45

50

55

EP 2 564 839 B1
Example 10
Film and enteric coating of core tablets according to example 8
Film coating
[0209] Film coating was done with 800 g core tablets as disclosed in example 6.
Enteric coating
[0210] 1 kg gastric acid-resistant coating fluid was prepared and applied as disclosed in example 6.
Example 11
[0211] Granules were prepared as disclosed in example 4.
[0212] 404.5 g of the dried granules are blended with 272.9 g spray dried lactose (FlowLac 100®), 15.5 g HPC-SL
and 0.9 g Aerosil with a barrel blender at 30 rpm over 15 minutes. Finally, 6.2 g Magnesium stearate is added and

blended over additional 10 minutes at 30 rpm. The final blend is pressed into biconvex tablets with a diameter of 8 mm
and a weight of 225 mg.

Example 12
Film coating of core tablets is performed according to example 11
Film coating

[0213] For film coating 800 g core tablets are coated as disclosed in example 5. To have 800 g tablets available for
coating active tablets are blended with colored placebo.

Example 13
Film and enteric coating of core tablets according to example 11

Film coating

[0214] Film coating was done with 800 g core tablets as disclosed in example 5. To have 800 g tablets available for
coating active tablets were blended with colored placebo.

Enteric coating

[0215] 1 kg gastric acid-resistant coating fluid was prepared as applied as disclosed in example 6.

Example 14

[0216] Granules were prepared as in example 4.

[0217] 130 g of the dried granules were blended with 52.7 g spray-dried lactose (FlowLac® 100), 40 g HPC-SL and
0.3 g Aerosil with a barrel blender at 30 rpm over 15 minutes. Finally, 2.0 g magnesium stearate was added and blended
over additional 10 minutes at 30 rpm. The final blend was pressed into biconvex tablets with a diameter of 8 mm and a
weight of 225 mg.

Example 15

Film coating of core tablets according to example 14

Film coating

[0218] Forfilm coating 800 g tablets were coated as disclosed in example 5. To have 800 g tablets available for coating
active tablets were blended with colored placebo.
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Example 16

Film and enteric coating of core tablets according to example 14

Film coating

[0219] Film coating was done with 800 g core tablets. Therefore the API containing tablets were blended with colored
placebo to obtain the required amount. A 15% suspension of Opadry was prepared and applied as disclosed in example 6.

Enteric coating

[0220] 1 kg gastric acid-resistant coating fluid was prepared and applied as disclosed in example 6.

[0221] The dissolution profile of film and enteric coated tablets according to this example was obtained in accordance
with a United States Pharmacopeia (USP) in vitro test. The test was carried out at 37°C using a paddle dissolution
apparatus at 100 rpm employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and
then followed by 0.05 M phosphate buffer pH 6.8 as dissolution medium for the remaining test period. The result appears
from fig. 1.

Example 17

[0222] 1.2 kg dimethyl fumarate was sieved through a 700 uwm sieve and placed in the basket of a fluid bed granulator.
70.6 g polymer hydroxypropyl cellulose HPC-SL was dissolved by stirring in 2753 g purified water and sprayed on the
DMF over 2.5 to 3 hours. The granules were dried for 3 minutes at 29°C. Several batches were blended and sieved
through a 800 um sieve.

[0223] 1730.7 g of the dried and additional through 500 pm sieved granules were blended with 781.3 g granulated
lactose (Tablettose ® 100), 66.7 g HPC-SL and a pre-blend of Aerosil® and Tablettose® with a barrel blender at 20 rpm
over 15 minutes. The pre-blend was prepared in a polyethylene bag of 4 g colloidal silicic acid (Aerosil®) and 390.6 g
Tablettose® and sieved through 500 um. Finally, 26.7 g magnesium stearate was added. The final blend was pressed
into biconvex tablets with a diameter of 8 mm and a weight of 225 mg.

Example 18

Film and enteric coating of core tablets according to example 17
Film coating

[0224] For film coating of 800 g core tablets a 15% suspension of Opadry was prepared by adding 18 g Opadry to
102 g purified water. App. 66% of this suspension was sprayed onto the core tablets over 20 minutes in a fluid bed
chamber. The product temperature never exceeded 40°C. The coating process was followed by a drying period of 9
minutes at 30 °C.

Enteric coating

[0225] 1 kg gastric acid-resistant coating fluid was prepared by heating 350 ml purified water to 70 - 80°C, adding 9.5
g triethyl citrate, 1.9 g glyceryl monostearate (Cutina GMS V), 0.7 g Tween 80 and stirring with the UltraTurrax for 10
minutes to achieve a homogenous mixture. 427.8 g purified water was added and the mixture was stirred with a propeller
stirrer until the emulsion had reached room temperature. This emulsion was then added slowly to 210 g of a Eudragit
® L30 D 55 dispersion. Approximately 66% of the resulting gastric acid-resistant coating fluid was sprayed on 780 g
film-coated tablets in a fluid bed chamber.

[0226] The dissolution profile of film and enteric coated tablets according to this example was obtained in accordance
with an in vitro dissolution test as described in example 16 employing 0.1 N hydrochloric acid as dissolution medium
during the first 2 hours of the test and then 0.05 M phosphate buffer pH 6.8 as dissolution medium appears from fig. 1.

Example 19
[0227] 1.2 kg dimethyl fumarate was sieved through a 700 wm sieve and placed in the basket of a fluid bed granulator.

70.6 g hydroxypropyl cellulose HPC-SL was dissolved by stirring in 2753 g purified water and sprayed on the DMF over
2.5 to 3 hours. The granules were dried for 3 minutes at 29°C and sieved through a 500 um sieve.
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[0228] 964 g of the dried, sieved granules were blended with 565.5 g granulated lactose (Tablettose® 100), 37.4 g
HPC-SL and a pre-blend of Aerosil® and Tablettose® with a barrel blender at 20 rpm over 15 minutes. The pre-blend
was prepared in a polyethylene bag of 2.3 g colloidal silicic acid (Aerosil®) and 282.7 g Tablettose® and sieved through
500 pm as well. Finally, 14.9 g magnesium stearate was added. The final blend was pressed into biconvex tablets with
a diameter of 8 mm and a weight of 250 mg.

Example 20

Film and enteric coating of core tablets according to example 19

Film coating

[0229] For film coating of 800 g core tablets a 15% suspension of Opadry is prepared and applied as disclosed in
example 18.

Enteric coating

[0230] 1 kg gastric acid-resistant coating fluid was prepared by heating 350 ml purified water to 70 - 80°C, adding 9.5
g triethyl citrate, 1.9 g glyceryl monostearate (Cutina GMS V), 0.7 g Tween 80 and stirring with the UltraTurrax for 10
minutes to achieve a homogenous mixture. 427.8 g purified water wasadded and the mixture was stirred with a propeller
stirrer until the emulsion had reached room temperature. This emulsion was then added slowly to 210 g of a Eudragit
® L30 D 55 dispersion. Approximately 66% of the resulting gastric acid-resistant coating fluid was sprayed on 780 g film
coated tablets in a fluid bed chamber at a temperature of 30 °C over app. 2.5 hours. A drying period at 30°C for 30
minutes and a curing period at 35°C for additional 30 minutes followed.

[0231] The dissolution profile of film and enteric coated tablets according to this example was obtained in accordance
with an in vitro dissolution test as described in example 16 employing 0.1 N hydrochloric acid as dissolution medium
during the first 2 hours of the test and then 0.05 M phosphate buffer pH 6.8 as dissolution medium appears from fig. 1.

Example 21

[0232] 1.2 kg dimethyl fumarate was sieved through a 700 um sieve and placed in the basket of a fluid bed granulator.
70.6 g hydroxypropyl cellulose HPC-SL was dissolved by stirring in 2753 g purified water and sprayed on the DMF over
2.5to 3 hours. The granules were dried for 3 minutes at 29°C. Several batches were blended and sieved through 800.m.
[0233] 1416 g of the dried and additional through 500 um sieved granules were blended with 1002.9 g granulated
lactose (Tablettose® 100), 54.6 g HPC-SL and a pre-blend of Aerosil® and Tabiettose® with a barrel blender at 20 rpm
over 15 minutes. The pre-blend was prepared in a polyethylene bag of 3.3 g colloidal silicic acid (Aerosil®) and 501.4
g Tablettose® and sieved through 500 um. Finally, 21.8 g magnesium stearate was added.The final blend was pressed
into biconvex tablets with a diameter of 8 mm and a weight of 275 mg.

Example 22
Film and enteric coating of core tablets according to example 21
Film coating

[0234] For film coating of 800 g core tablets a 15% suspension of Opadry was prepared and applied as disclosed in
example 18.

Enteric coating:

[0235] 1 kg gastric acid-resistant coating fluid was prepared by heating 350 ml purified water to 70 - 80°C, adding 9.5
g triethyl citrate, 1.9 g glyceryl monostearate (Cutina GMS V), 0.7 g Tween 80 and stirring with the UltraTurrax for 10
minutes to achieve a homogenous mixture. 427.8 g purified water was added and the mixture was stirred with a propeller
stirrer until the emulsion had reached room temperature. This emulsion was then added slowly to 210 g of a Eudragit
® L30 D 55 dispersion. Approximately 66% of the resulting gastric acid-resistant coating fluid was sprayed on 780 g film
coated tablets in a fluid bed chamber at a temperature of 30 °C over app. 2.5 hours. A drying period at 30°C for 30
minutes and a curing period at 35°C for additional 30 minutes followed.

[0236] The dissolution profile of film and enteric coated tablets according to this example was obtained in accordance
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with an in vitro dissolution test as described in example 16 employing 0.1 N hydrochloric acid as dissolution medium
during the first 2 hours of the test and then 0.05 M phosphate buffer pH 6.8 as dissolution medium appears from fig. 1.

Example 23

Film coating of core tablets according to example 18

Film coating

[0237] For film coating of 800 g core tablets a 15% suspension of Opadry was prepared by adding 36 g Opadry to
204 g purified water. App. 66% of this suspension was sprayed onto the core tablets over 35 minutes in a fluid bed
chamber. The product temperature never exceeded 40°C. The coating process was followed by a drying period of 16
minutes at 30 °C.

[0238] The dissolution profile of film coated tablets according to this example subjected to an in vitro dissolution test
employing 0.1 N hydrochloric acid as dissolution medium during the first 2 hours of the test and then 0.05 M phosphate
buffer pH 6.8 as dissolution medium appears from fig. 2.

Example 24

[0239] 18 g of pure DMF (particle sice 250-500 pwm) were blended with 6.3 g HPC-SL, 9.1 g spray dried lactose
(FlowLac ® 100) and 0.045 g Aerosil. Finally, 0.3 g magnesium stearate was added and blended. The final blend was
pressed into biconvex tablets with a diameter of 8 mm and a weight of 225 mg.

Example 25

[0240] The study was a single center study, following an open-label, randomized, crossover design to investigate the
plasma concentrations, pharmacokinetics, safety and tolerability of pharmaceutical formulations according to the inven-
tion c.f. the marketed formulation Fumaderm® as reference. The tablets were administered as a single oral dose of 240
mg (2 tablets containing 120 mg each) in each treatment period according to randomization to 20 healthy, male Caucasian
subjects. The study was divided into four treatment periods (Treatment Period 1, 2, 3 and 4), which were separated by
a wash-out phase of at least 7 days.

[0241] Subjects were screened for eligibility at least 21 to 2 days before first administration including: check of inclusion
/ exclusion criteria; demographic data (including age, body height, body weight, body mass index (BMI), and ethnic
origin); physical examination; complete medical history; 12-lead electrocardiogram (ECG); vital signs (blood pressure
(BP), pulse rate (PR), and body temperature (BT)); clinical laboratory parameters (hematology, serum biochemistry,
and urinalysis); documentation of concomitant illness and medication.

[0242] At each of the four treatment periods, subjects came to the Study Site in the evening of Day -1 and remained
there until the 24-hour blood sample for PK analysis was drawn and all safety measurements were performed (=morning
of Day 2).

[0243] The subjects fasted overnight. A single oral dose (of two tablets) of one of the formulations according to the
invention (Examples 18, 20 or 22), or two enteric-coated tablets of the reference medication Fumaderm® each containing
120 mg dimethyl fumarate (total dose 240 mg dimethyl fumarate) were administered on Day 1 (according to randomi-
zation). Administration was done to subjects who were in fasting condition together with 240 ml tap water. Between each
administration, a wash-out interval of at least 7 days was maintained.

[0244] The following assessments/measurements were performed:

[0245] Blood sampling was performed for the determination of plasma concentrations and PK-parameters prior to,
and at pre-scheduled times post dosing.

[0246] Adverse events were documented in detail throughout the study.

[0247] Urine was collected prior to and at pre-scheduled times post dosing.

[0248] A follow-up examination was performed at least 7 days after the last administration (Treatment Period 4),
including: physical examination; vital signs (BP, PR, and BT); body weight; 12-lead ECG,; clinical laboratory parameters
(haematology, serum biochemistry, and urinalysis); documentation of concomitant medication and adverse events.

Example 26

Preparation of core tablets

[0249] Dimethyl fumarate was sieved through a hand screen of 500 um.
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[0250] 29.3 g of sieved dimethyl fumarate, 2.93 g of HPC-SL, 22.17 g of granulated lactose (Tablettose® 100), 0.07

g of Aerosil® as well as 0.49 g of magnesium stearate were blended for 10 minutes. The blend was pressed into biconvex
tablets with a diameter of 8 mm and a weight of 225 mg.

Example 27a

Preparation of core tablets

[0251] Dimethyl fumarate was sieved through a hand screen of 500 um.

[0252] 500 g of sieved dimethyl fumarate, 48 g of HPC-SL, 447 g of spray dried lactose (FlowLac® 100) and 1.2 g
Aerosil® were blended with a barrel blender for 15 minutes at 20 rpm. Finally, 4 g of magnesium stearate was added
and the mixture blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8
mm and a weight of 250 mg.

Enteric coating

[0253] A gastric acid-resistant coating fluid was prepared by heating 247 g of purified water to 70 - 80°C, then 9 g of
triethyl citrate, 1.8 g of glyceryl monostearate (Cutina GMS V), and 0.72 g of Tween 80 was added and stirred with the
UltraTurrax for 10 minutes to achieve a homogenous mixture. 495 g of purified water was added and the mixture was
stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added slowly
to 200 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the core
tablets directly in a perforated drum coater. The amount of solution sprayed onto the tablets was 1.5% solids w/w resulting
in a weight increase of the coated tablets compared to core tablets of 1%.

Example 27b

[0254] Preparation of core tablets was performed as described in Example 27a.
Enteric coating

[0255] A gastric acid-resistant coating fluid was prepared by heating 247 g of purified water to 70 - 80°C, then 9 g of
triethyl citrate, 1.8 g of glyceryl monostearate (Cutina GMS V), and 0.72 g of Tween 80 was added and stirred with the
UltraTurrax for 10 minutes to achieve a homogenous mixture. 495 g of purified water was added and the mixture was
stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added slowly
to 200 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the core
tablets directly in a perforated drum coater. The amount of solution sprayed onto the tablets was 2.5% solids w/w resulting
in a weight increase of the coated tablets compared to core tablets of 1.8%.

Example 28

Preparation of core tablets

[0256] Dimethyl fumarate was sieved through a hand screen of 500 um.

[0257] 500 g sieved dimethyl fumarate, 48 g of HPC-SL and 447 g of granulated lactose (Tablettose® 100) and 1.2
g Aerosil® were blended with a barrel blender for 15 minutes at 20 rpm. Finally, 4 g of magnesium stearate was added
and the mixture blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8
mm and a weight of 250 mg.

Enteric coating

[0258] A gastric acid-resistant coating fluid was prepared by heating 99 g of purified water to 70 - 80°C, then 10.1 g
of triethyl citrate, 2.0 g of glyceryl monostearate (Cutina GMS V), and 0.8 g of Tween 80 was added and stirred with the
UltraTurrax for 10 minutes to achieve a homogenous mixture. 198 g of purified water was added and the mixture was
stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added slowly
to 224 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the core
tablets directly in a perforated drum coater. The solution was sprayed to a weight increase of the core tablets of 3%.
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Example 29a

Preparation of core tablets

[0259] Dimethyl fumarate was milled through 1143 pm and 610 um screens.

[0260] 500 g sieved dimethyl fumarate, 48 g of HPC-SL and 447 g of granulated lactose (Tabfettose® 100) and 1.2
g of Aerosil® were blended with a barrel blender for 15 minutes at 20 rpm. Finally, 4 g of magnesium stearate was added
and the mixture blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8
mm and a weight of 250 mg.

Enteric coating

[0261] A gastric acid-resistant coating fluid was prepared by heating 247 g of purified water to 70 - 80°C, then 9 g of
triethyl citrate, 1.8 g of glyceryl monostearate (Cutina GMS V), and 0.72 g of Tween 80 was added and stirred with the
UitraTurrax for 10 minutes to achieve a homogenous mixture. 495 g of purified water was added and the mixture was
stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added slowly
to 200 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the core
tablets directly in a perforated drum coater. The amount of Eudragit sprayed onto the tablets was 2.5% solids w/w
resulting in a weight increase of the coated tablets compared to core tablets of 1.5%.

Example 29b

[0262] Preparation of core tablets was performed as described in Example 29a.

Enteric coating

[0263] A gastric acid-resistant coating fluid was prepared by heating 247 g of purified water to 70 - 80°C, then 9 g of
triethyl citrate, 1.8 g of glyceryl monostearate (Cutina GMS V), and 0.72 g of Tween 80 was added and stirred with the
UltraTurrax for 10 minutes to achieve a homogenous mixture. 495 g of purified water was added and the mixture was
stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added slowly
to 200 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the core
tablets directly in a perforated drum coater. The amount of Eudragit sprayed onto the tablets was 3.5% solids w/w
resulting in a weight increase of the coated tablets compared to core tablets of 2%.

Example 30

Preparation of core tablets

[0264] 2500 g of dimethyl fumarate was milled through 1575 um and 813 um screens. Before the second milling step
6 g of Aerosil® was added. The achieved particle size distribution was approx. 11% > 500um, approx. 70% > 250um
and approx. 7% < 100pum. The mean particle size was 358um.

[0265] The milled material was blended further with 240 g of HPC-SL and 2714 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 275 mg. The core tablets were optionally enteric coated as described in example 33a.

Example 31

Preparation of core tablets

[0266] 2500 g of dimethyl fumarate was milled through 1575 um and 813 um screens. Before the second milling step
6 g of Aerosil® was added. The achieved particle size distribution was approx. 3% > 500pm, approx. 65% > 250um
and approx. 6% < 100pum. The mean particle size was 290um.

[0267] The milled material was blended further with 240 g of HPC-SL and 2714 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 275 mg. The core tablets may be enteric coated as described in example 33a or b.
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Example 32

Preparation of core tablets

[0268] 2500 g of dimethyl fumarate was milled through 1575 um and 813 um screens. Before the second milling step
6 g of Aerosil® was added. The achieved particle size distribution was approx. 3% > 500pm, approx. 50% > 250um
and approx. 10% < 100um. The mean particle size was 250um.

[0269] The milled material was blended further with 240 g of HPC-SL and 2714 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 275 mg. The core tablets were optionally enteric coated as described in example 33b.

Example 33a.

Enteric coating

[0270] A gastric acid-resistant coating fluid was prepared by heating 1193 g of purified water to 70 - 80°C, then 45 g
of triethyl citrate, 13.5 g of glyceryl monostearate (Cutina GMS V), and 5.4 g of Tween 80 was added and stirred with
the UltraTurrax for 10 minutes to achieve a homogenous mixture. 2385 g of purified water was added and the mixture
was stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added
slowly to 1500 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the
core tablets directly in a perforated drum coater. The amount of Eudragit sprayed onto the tablets was 3.0 % w/w resulting
in a weight increase of the coated tablets compared to core tablets of 2.5%.

Example 33b

Enteric coating

[0271] A gastric acid-resistant coating fluid was prepared by heating 1193 g of purified water to 70 - 80°C, then 45 g
of triethyl citrate, 13.5 g of glyceryl monostearate (Cutina GMS V), and 5.4 g of Tween 80 was added and stirred with
the UltraTurrax for 10 minutes to achieve a homogenous mixture. 2385 g of purified water was added and the mixture
was stirred with a propeller stirrer until the emulsion had reached room temperature. This emulsion was then added
slowly to 1500 g of Eudragit L30 D 55 dispersion. The resulting gastric acid-resistant coating fluid was sprayed on the
core tablets directly in a perforated drum coater. The amount of Eudragit sprayed onto the tablets was 3.5% resulting
in a weight increase of the coated tablets compared to core tablets of 3%.

Examples 34

Preparation of core tablets

[0272] 2500 g of dimethyl fumarate was milled through 1575 wm and 813 um screens. Before the second milling step
6 g Aerosil® was added. The achieved particle size distribution was 8% > 500um, 80% > 250um and 0% < 100um. The
mean particle size was 360um.

[0273] The milled material was blended further with 240 g of HPC-SL and 2234 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 250 mg. The core tablets may be enteric coated as described in example 33a or b.

Example 35

Preparation of core tablets

[0274] 2500 g of dimethyl fumarate was milled through 1575 uwm and 813 um screens. Before the second milling step
6 g Aerosil® was added. The achieved particle size distribution was 6% > 500um, 65% > 250um and 6% < 100um. The
mean particle size was 305um.

[0275] The milled material was blended further with 240 g of HPC-SL and 2234 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
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of 250 mg. The core tablets may be enteric coated as described in example 33a or b.

Example 36

Preparation of core tablets

[0276] 2500 g of dimethyl fumarate was milled through 1575 u.m and 813 um screens. Before the second milling step
6 g Aerosil® was added. The achieved particle size distribution was 3% > 500um, 63% > 250um and 6% < 100um. The
mean particle size was 290um.

[0277] The milled material was blended further with 240 g of HPC-SL and 2234 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate was added and the mixture
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 250 mg. The core tablets may be enteric coated as described in example 33a or b.

Example 37

Preparation of core tablets

[0278] 2500 g of dimethyl fumarate is milled through 1575 pm and 813 pum screens. Before the second milling step
6 g of Aerosil® is added.

[0279] The milled material is blended further with 240 g of HPC-SL and 1714 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 20 g of magnesium stearate is added and the mixture blended
again for 10 min at 20 rpm. The blend is pressed into biconvex tablets with a diameter of 8 mm and a weight of 225 mg.
The core tablets may be enteric coated as described in example 33a or b.

Example 38

[0280] 2.500 g of DMF is milled through 1575 um and 813 pum screens. 240 g of HPC-SL, 2.734 g of Tablettose 100
and 6 g of Aerosil is added and blended with the DMF. The blend is roller compacted and passed through a 1 mm screen
to obtain granules. 20 g of magnesium stearate is admixed to obtain a final mix ready for tabletting. Said mix is compressed
to tablets having a tablet weight of 275 mg. The core tablets may be enteric coated as described in example 33a or b.

Example 39

[0281] 2.500g of DMF is blended with 6 g of Aerosil and subsequently milled through 1575 wm and 813 um screens.
240 g of HPC-SL and 2.734 g of Tablettose 100 is added and blended with the DMF and Aerosil. The blend is roller
compacted and passed through a 1 mm screen to obtain granules. 20 g of magnesium stearate is admixed to obtain a
final mix ready for tabletting. Said mix is compressed to tablets having a tablet weight of 275 mg. The core tablets may
be enteric coated as described in example 33a or b.

Example 40

[0282] 2000 g dimethyl fumarate was milled through 1575 wm and 813 um screens. Before the second milling step
4.8 g of Aerosil® was added.

[0283] 475.3 g of the milled material was blended further with 519.8 g of granulated lactose (Tablettose® 100) with a
barrel blender for 15 minutes at 20 rpm. Finally, 3.8 g of magnesium stearate was added and the mixture was blended
again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight of 263
mg. The core tablets may be enteric coated as described in example 33a or b.

Example 41

[0284] 2000 g dimethyl fumarate was milled through 1575 wm and 813 um screens. Before the second milling step
4.8 g of Aerosil® was added.

[0285] 468.2g ofthe milled materialwas blended furtherwith 15 g HPC-SL and 512 gof granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 3.7 g of magnesium stearate was added and the mixture
was blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a
weight of 267 mg. The core tablets may be enteric coated as described in example 33a or b.
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Example 42

[0286] 2000 g dimethyl fumarate was milled through 1575 wm and 813 um screens. Before the second milling step
4.8 g of Aerosil® was added.

[0287] 500 g of the milled materialwas blended further with 32 g HPC-SL and 562,8 g of granulated lactose (Tablettose®
100) with a barrel blender for 15 minutes at 20 rpm. Finally, 4 g of magnesium stearate was added and the mixture was
blended again for 10 min at 20 rpm. The blend was pressed into biconvex tablets with a diameter of 8 mm and a weight
of 250 mg. The core tablets may be enteric coated as described in example 33a or b.

Example 43

[0288] A study as the one disclosed in example 25 was performed on tablets as disclosed in examples 18 and 22 and
compared with corresponding data for the prior art formulation Fumaderm®. The results of the study are shown in Table
| and Table Il below.

Table |

[0289] Coefficients of variation in % (CV).

Table Il

Example 18 Example 22 Fumaderm®

AUC 22% 18% 38%
Crnax 34% 26% 49%

[0290] Summary Table: Percentage of subjects with adverse effects/side effects after administration of formulation
according to examples 18 and 22, respectively, compared to administration of Fumaderm®

Adverse After administration of formulation acc. toex. 18  After administration of formulation acc. to ex. 22
effect/side c.f. after administration of Fumaderm® c.f. after administration of Fumaderm®

effect

Flushing 35% 65%

Gl related 50% 73%

adverse

effects

Any adverse 50% 7%

effect

[0291] The above results of the clinical trial shows (Table Il) that the tested formulations have a markedly reduced
frequency of adverse effects combined with a lower variability (cf. Table ) compared to Fumaderm®. This example thus
shows that the inventive formulations have an unexpectedly large reduction in variability in AUC and C,,,,, vis-a-vis the
prior art Fumaderm® formulation.

Claims

1. A pharmaceutical formulation in the form of an erosion matrix tablet comprising:
i) 35 - 55 % by weight of dimethyl fumarate;
ii) 3 - 6 % by weight of hydroxypropyl cellulose; and
iii) 40 - 60 % by weight of lactose.

2. The formulation according to claim 1 comprising:

i) 40 % - 50 % by weight of dimethyl fumarate;
ii) 3 - 6 % by weight of hydroxypropyl cellulose; and
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iii) 45 - 55 % by weight of lactose.

3. The formulation according to claim 1 or 2 comprising:
i) 42 % - 48 % by weight of dimethyl fumarate;
ii) 3 -5.5 % by weight of hydroxypropyl cellulose; and
iii) 45 - 52 % by weight of lactose.

4. The formulation according to claim 1 additionally containing 0.15 - 0.7 % by weight of magnesium stearate and,
optionally, 0.05 - 0.25 % by weight of silicon oxide.

5. The formulation according to any of the preceding claims, wherein the formulation further comprises an enteric
coating.

6. The formulation according to any of the preceding claims, further comprising one or more pharmaceutically accept-
able excipients and additives selected from the group comprising lubricants, glidants, disintegrants, flow control
agents, solubilizers, pH control agents, surfactants and emulsifiers.

7. The formulation according to any one of the preceding claims for administration once, twice or three times daily.

8. A method for preparing the formulation according to any of claims 1 - 7, comprising the steps of:

a) Optionally sieving or milling crystals of dimethyl fumarate;
b) Blending of said crystals of dimethyl fumarate, hydroxypropyl cellulose in the form of a polymeric matrix
material, and any pharmaceutically acceptable excipients and additives by direct compression to obtain a tablet
formulation;
c) Optionally film and/or enteric coating of said tablet formulation in a manner known per se;

wherein the above steps are performed at a temperature to allow a product temperature not exceeding 45 °C.

9. The method according to claim 8, wherein the crystals of dimethyl fumarate are sieved or milled such that 90% of
the particles have a particle size in the range of 5 - 1000 pum.

10. A method for preparing the formulation according to any of claims 1-7, comprising the steps of:

a) Optionally sieving or milling crystals of dimethyl fumarate;

b) Blending of said crystals of dimethyl fumarate with any pharmaceutically acceptable excipients and hydrox-
ypropyl cellulose in the form of a polymeric matrix material to obtain a tablet formulation;

¢) Roller compaction of this blend and sieving/milling thereof in order to obtain granules;

d) Admixing of any further pharmaceutically acceptable excipients to the granules to obtain a final mix ready
for tableting;

e) Compression to tablets;

f) Optionally film and/or enteric coating of said tablets.

11. Pharmaceutical formulation according to any of the claims 1-7 for use in the treatment of psoriasis, psoriatic arthritis,
neurodermatitis, inflammatory bowel disease, such as Crohn’s disease and ulcerative colitis, polyarthritis, multiple
sclerosis (MS), juvenile-onset diabetes mellitus, Hashimoto’s thyroiditis, Grave’s disease, SLE (systemic lupus
erythematosus), Sjogren’s syndrome, Pernicious anemia, Chronic active (lupoid) hepatitis, Rheumatoid arthritis
(RA), lupus nephritis, myasthenia gravis, uveitis, refractory uveitis, vernal conjunctivitis, pemphigus vulgaris, scle-
roderma, optic neuritis, pain such as radicular pain, pain associated with radiculopathy, neuropathic pain or sciati-
calsciatic pain, organ transplantation (prevention of rejection), sarcoidosis, necrobiosis lipoidica or granuloma an-
nulare.

Patentanspriiche

1. Pharmazeutische Formulierung in Form einer Erosionsmatrixtablette, umfassend:

36



10

15

20

25

30

35

40

45

50

55

10.

11.

EP 2 564 839 B1

i) 35 - 55 Gew.-% Dimethylfumarat;
ii) 3 - 6 Gew.-% Hydroxypropylcellulose; und
iii) 40 - 60 % Gew.-% Laktose.

Formulierung geman Anspruch 1, umfassend:

i) 40 - 50 Gew.-% Dimethylfumarat;
ii) 3 - 6 Gew.-% Hydroxypropylcellulose; und
iii) 45 - 55 Gew.-% Laktose.

Formulierung geman Anspruch 1, umfassend:

iv) 42 - 48 Gew.-% Dimethylfumarat;
v) 3 - 5,5 Gew.-% Hydroxypropylcellulose; und
vi) 45 - 52 Gew.-% Laktose.

Formulierung gemaf Anspruch 1, weiterhin umfassend 0,15 - 0,7 Gew.-% Magnesiumstearat und, gegebenenfalls,
0,05 - 0,25 Gew.-% Siliciumoxid.

Formulierung gemaf einem der vorhergehenden Anspriiche, wobei die Formulierung weiterhin einen Magensaft-
resistenten Uberzug umfasst.

Formulierung gemaR einem der vorhergehenden Anspriiche, weiterhin umfassend einen oder mehrere pharma-
zeutisch annehmbare Hilfsstoffe und Zusatzstoffe ausgewahlt aus der Gruppe bestehend aus Schmierstoffe, Gleit-
mittel, Sprengmittel, FlieRkontrolimittel, Lésungsvermittler, pH-Kontrollmittel, Tenside und Emulgatoren.

Formulierung gemaf einem der vorhergehenden Anspriiche zur einmal, zweimal oder dreimal taglichen Verabrei-
chung.

Verfahren zur Herstellung der Formulierung gemagr einem der Anspriiche 1 bis 7, umfassend die Schritte:

a) Optionales Sieben oder Vermahlen von Dimethylfumarat-Kristallen;

b) Mischen der Dimethylfumarat-Kristalle, Hydroxypropylcellulose in Form eines polymeren Matrixmaterials,
und irgendwelcher pharmazeutisch vertraglichen Hilfsstoffe und Zusatzstoffe durch direkte Kompression, um
eine Tablettenformulierung zu erhalten;

c) Optionales Beschichten der Tablettenformulierung mit einer Film- und/oder Magensaft-resistenten Beschich-
tung in an sich bekannter Weise;

wobei die vorstehenden Schritte bei einer Temperatur durchgefiihrt werden, die 45°C nicht lbersteigt.

Verfahren gemaRl Anspruch 8, wobei die Dimethylfumarat-Kristalle derart gesiebt oder vermahlen werden, dass
90% der Partikel eine PartikelgroRe im Bereich von 5 - 1000 wm aufweisen.

Verfahren zur Herstellung der Formulierung gemagr einem der Anspriiche 1 bis 7, umfassend die Schritte:

a) Optionales Sieben oder Vermahlen von Dimethylfumarat-Kristallen;

b) Mischen der Dimethylfumarat-Kristalle und irgendwelcher pharmazeutisch vertraglichen Hilfsstoffe und Hy-
droxypropylcellulose in Form eines polymeren Matrixmaterials, um eine Tablettenformulierung zu erhalten;

c) Walzenpressen des Gemischs und Sieben/Vermahlen davon, um Granulate zu erhalten;

d) Beimischen irgendwelcher pharmazeutisch vertraglichen Hilfsstoffe zu den Granulaten, um ein zum Tablet-
tieren fertiges Gemisch zu erhalten;

e) Verpressen zu Tabletten;

f) Optionales Beschichten der Tabletten mit einer Film- und/oder Magensaft-resistenten Beschichtung.

Pharmazeutische Formulierung geméafRe einem der Anspriche 1 bis 7 zur Verwendung in der Behandlung von
Psoriasis, psoriatischer Arthritis, Neurodermatitis, entziindlicher Darmerkrandung, wie beispielsweise Morbus Crohn
and ulcerative Colitis, Polyarthritis, Multiple Sklerose (MS), in der Jugend einsetzender Diabetes mellitus, Hashimo-
to’sche Thyroiditis, Grave’sche Krankheit, SLE (systemischer Lupus erythematosus), Sjogren’sches Syndrom, Per-
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niziose Anamie, Chronische aktive (lupoide) Hepatitis, Rheumatoide Arthritis (RA), Lupus nephritis, Myasthenia
gravis, Uveitis, refraktdre Uveitis, Frihlings-Bindehautentziindung, Pemphigus vulgaris, Sklerodermie, optische
Neuritis, Schmerz wie such radikularer Schmerz, Schmerz in Verbindung mit Radikulopathie, neuropathischer
Schmerz oder Ischialgie/lschias-Schmerz, Organtransplantation (Verhinderung von AbstolRung), Sarcoidose, Ne-
crobiosis lipoidica oder Granuloma annulare.

Revendications

1.

Formulation pharmaceutique sous la forme d’'un comprimé a matrice d’érosion comprenant:

i) 35 a 55 % en poids de diméthyle fumarate;
i) 3 @ 6 % en poids d’hydroxypropyl cellulose; et
ii) 40 2 60 % en poids de lactose.

Formulation pharmaceutique selon la revendication 1 comprenant:

i) 40 % a 50 % en poids de diméthyle fumarate;
i) 3 @ 6 % en poids d’hydroxypropyl cellulose; et
iii) 45 a4 55 % en poids de lactose.

Formulation pharmaceutique selon la revendication 1 ou 2 comprenant:

i) 42 % a 48 % en poids de diméthyle fumarate;
i) 3 25,5 % en poids d’hydroxypropyl cellulose; et
i) 45 2 52 % en poids de lactose.

Formulation selon la revendication 1 comprenant en outre 0,15 - 0,7 % en poids de magnesium stearate et, éven-
tuellement, 0,05 - 0,25 % en poids d’'oxyde de silicon.

Formulation selon 'une des revendications précédentes, ol la formulation comprends en outre un revétement
entérique.

Formulation selon 'une des revendications précédentes comprenant en outre un ou plus d’excipients et additifs
pharmaceutiquement acceptables choisi parmi le groupe comprenant lubrifiants, glissants, désintégrants, agents
de contréle d’écoulement, agents de solubilisation, agents de contréle du pH, agents de surface et agents émul-
sionnants.

Formulation selon 'une des revendications précédentes pour 'administration une, deux ou trois fois par jour.
Procédé de préparation de la formulation selon 'une des revendications 1 a 7, comprenant les étapes:

a) a tamiser ou broyer éventuellement des cristaux de diméthyle fumarate;

b) a mélanger lesdits cristaux de diméthyle fumarate, hydroxypropyl cellulose sous forme d’un matériau de
matrice polymérique, et des excipients et additifs pharmaceutiquement acceptables par compression directe
afin d’obtenir une formulation de comprimé;

c) aappliquer éventuellement un revétement film et/ou entérique a ladite formulation de comprimé d’une maniére
connue;

ol les étapes ci-dessus sontréalisées a une certaine température de maniére a empécher la température du produit
de dépasser 45 °C.

Procédé selon la revendication 8, dans lequel les cristaux de diméthyle fumarate sont tamisés ou broyés de sorte
que 90% des particules aient une granulométrie se trouvant dans la plage allant de 5 a 1000 pm.

10. Procédé de préparation de la formulation selon 'une des revendications 1 & 7, comprenant les étapes consistant:

a) a tamiser ou broyer éventuellement des cristaux de diméthyle fumarate;
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b) a mélanger lesdits cristaux de diméthyle fumarate avec des excipients et additifs pharmaceutiquement ac-
ceptables et d’hydroxypropyl cellulose sous forme d’'un matériau de matrice polymérique par compression
directe afin d’obtenir une formulation de comprimé;

¢) a compression sur rouleaux de cette mélange et tamiser/broyer ladite pour obtenir des granules;

d) a mélanger lesdits granules, des excipients et additifs pharmaceutiquement acceptables pour obtenir une
melange finale prete pour la compression;

e) a comprimer pour obtenir de comprimés; et

f) a appliquer éventuellement un revétement film et/ou entérique a ladite formulation de comprimé.

11. Formulation pharmaceutique selon I'une des revendications 1 a 7 destinée a étre utilisé pour le traitement du
psoriasis, 'arthrite psoriasique, la neurodermatite, les maladies intestinales inflammatoires, telles que la maladie
de Crohn et la colite ulcéreuse, la polyarthrite, la sclérose en plaque (MS), le diabéte insulino-dépendant, la thyroidite
de Hashimoto, la maladie de Grave, le SLE (lupus érythémateux disséminé), le syndrome de Sjogren, 'anémie
pernicieuse, I'hépatite chronique active (lupoide), I'arthrite rhumatoide (RA), la néphrite de lupus, la myasthénie
grave, luvéite, I'uvéite réfractaire, la conjonctivite printaniére, le pemphigus vulgaire, la sclérodermie, la névrite
optique, ladouleur telle que ladouleurradiculaire, ladouleur associée a une radiculopathie, la douleur neuropathique
ou la douleur sciatique/sciatalgie, la transplantation d’organe (prévention d’un rejet), la sarcoidose, la nécrobiose
lipoidique ou la granulome annulaire.
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Gydgyszerkészitmény, amely tartalmaz egy vagy Wibb fumarsav-észtert

erozids matrixban

Szabadalmi igénypontoke

1. Gydgyszarkdszitmeny erdzids malrix tablatta formdjdban, amely tardalmaz:
i} 35 - 55 Omeg® dimetid-fumaratol;
i#y 3 - 8 Wneg% hidroxipropi-celiuldst, ex
i1} 40 - 80 tomeg% lakidst.

2. Az 1. igdnypont szerninti készitmény, amely tartaimaz:
i 2 - 8 tomeg% hidroxiproptb-celluldet; &s
i) 45 - 55 tmege lakiost,

3. Az 1. vagy 2. igénypont szerintl késeitmény, amely tartalmaz:
i} 42 - 48 tOmeg% dimetilfumarndiot;
iy 3« 5.5 tdmeg% hidroipropib-celluldzt; 8s
i) 45 - 52 tomeg% lakidet.

4. Az 1. igénypont szerintl készitmény, amely (erialmaz tovabbd 015 - 07
{Omeg% magndzium-sstearitot és adoll esstben 0,08 - 0,35 Wmeg% selliclum-

oxidot,

8. Az olbzd igénypontok barmelyike szerinh készitmény, shol a készitmény
tartaimaz tovabbs enteralis bavonatot

8. Az 2loed génypontok barmelyike szetintl keszitmdny, amely taradmas tovabba
agy vagy 6hb gybgydszatiag elfogadhald ssgédanvagol &g adaldkanyagol,
amelvetkert & kandanvagok, glidansok, szélesést olfsegitd anyagok, folydst



o
o

sabalyort szersk, szolublizaldszersk, pH-t szabdlyozd seerek, fellletaktiv
anyagok s emulgadtorok altal alkotolt csoporthdl vlasadunk.

T, Az olted igénypontok bammelvike seerintl készitmeény napt agy, két vagy harom
alkalommal 10riend bevdtela,

8. Bljaras az 1-7. igénypontok barmelyike szerintl készitmeny elbaliitasdra, amely
tartaimazza a kdvetkazd lépésakat

a} dirnetiumarat kristdlyait adott esetben saitdliuk vagy Grolitk;

b} a dimeti-fumarat simiitelt kristdlyalt keverjik polimer matnix anyay forméajaban
v hidroxipropibceliuddzzal & barmiyen  gydgyaszalilag elfogadhatd
segédanyvaggal és adalékanvagpal kGzvellen préselossel fablelts készitmény
asibaliitasghoz

¢} a2 araditett {ablefla készitményt adolt esetben film- eafvagy enterdlis bevonatisl
Rtuk ol Srnimagaban isrrer mddon, 7

aho! a fentl lépéaaket olyan himérsékleten végezzlik, amsly lehetbvé teszl, hogy
& termék hdmearssklete ne emelkedian 45 °C fols,

8. A & igénypont saerintl eliards, ahol a dimetilumarat kristalyal szitdhva vagy
Hrifve vannak oly modon, hogy a részecskék 80 %-anak réssecskemeénste a2 § -

T000 g atdomanyban van.

10, Eljaeds ar 17 igsaypontok bammelyvike seerinll késelimany elbalitasars, amsly
tartalmazza a kovetkazd épéseket

Ay dimeti-fumandt kristdlyait adoll ssetban saitddjuk vagy Sriljlk;

by a dimeti-fumaratl emiitell kriglalyall Gsszekeverlk barmilyen gydgydszatiag
sifogadhatt segédanyagoal 8s polimer matrix anyag formaaban levd hidroxdpropit-
geliuldezal tabletta késeitmény alballitdsdhor

o} ezt a keverékel hengerrel tOmérifiik és  saitdlulkidrolitk  granuldlum
sidalitasdhos;

d) a granuldtumhos hozzdkeveriink barmilyen tovabbi gydgyaszatiag elfogadhatd
segédanvaget tabletidrasra késy kaverdk eldaliitasdhoz;

&} a keverdket ghletiakka préseliok

) az emiitet! tablettdkat adolt esathen film- ésivagy enteralis bevonattal 1atjuk el



1. Az 1-7. igényponiok barmelyike seerintl gyogyszerkéssitmeny pszonazis,
pszoriazisos [zilell gyulladds, nsurodermatitis, gyulladasos bétbetegsdg (BD), gy
peldaut Crohn-belogséy s fekélyves vastagbslgyuliadsds, polyvarthiitis, sclerosis
multiplex  (MS), falelkor disbeles meliuz, Hashimoto-pajzsmitigy-gyuliadas,
Grave-betegesg, SLE (soiszidmas lupus ervthematosus), Sidgren-szindrdma,
vészes vérszegsnyséy, keontkus akify dupoid) majgyulladés, rheumatoid arthritis
(RA), fupus nephiilis, myasthenia gravis, uveitls, refrakier uveitis, tavasz
kotShartya-gyulladds, pemphigus  wulgaris,  scleroderms, Stidegayuliadss,
faplalom, gy példaul  ideggytkérigidalom, ideggyokérbanialombor  {8rsuld
fapialom, neuropdlids fadsiom vagy Gldidegessbailididegisidalom, srervatiltetés

{kidkddés megelbzése), sarcoidosis, necrobiosis lipoidica vagy granuloms
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