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Chronic inflammatory bowel diseases are intermittent destructing inflammations of the intesti-
nal tract. These comprise the two most frequent types Crohn’s disease and ulcerative colitis
as well as the more rare collagenous colitis, lymphocytic colitis, and atypical microscopic coli-
tis. Crohn’s disease and ulcerative colitis differ in their distribution pattern as well as their mac-
roscopic and histological pictures [Dignass et al. (2012) Journal of Crohn’s and Colitis 6, 965-
990].

Crohn’s disease can segmentally occur in all sections from the esophagus to the rectum and
attacks all wall layers. Typical symptoms are algospasm, diarrhea, pyrexia, and loss of weight.
Ulcerative colitis begins in the rectum, from here can expand to all sections of the large bowel
and circularly only attacks the mucosa. Patients suffer from bloody diarrhea, algospam, ano-
rexia, and loss of weight. Etiology of the chronic inflammatory bowel diseases is still unclear,

so that there is a lack of causal treatment options.

For the therapy and prevention of recurrency of chronic inflammatory bowel diseases such as
ulcerative colitis and Crohn’s disease mesalazine-releasing medicaments are employed.
Mesalazine is the international non-proprietory name for 5-amino salicylic acid. Although the
exact mechanism of action is not yet clear, the therapeutic efficacy of the substance can be
attributed to a local anti-inflammatory effect on the intestinal wall. Mesalazine is used orally
and/or rectally as the first-line treatment. For the oral treatment of the acute episode of ulcer-
ative colitis as well for prevention of recurrency a high-dose therapy with mesalazine has
proved to be effective, wherein a daily dose of 3 g is administered once a day or divided into 3

single doses (in the morning, noon, evening).

To prevent absorption of active ingredient in the upper sections of the small intestine after oral
application as well as to selectively transport mesalazine to the desired site of action in the
intestine particular galenic formulations have to be provided. To achieve this object the single

dose of the active ingredient can be formulated either in the form of a monolithic compact
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dosage form, such as for example an enteric-coated tablet or a tablet with modified release of
active ingredients, or as a multi-particulate separated dosage form, such as for example en-
teric-coated granules/pellets or granules/pellets with modified release of active ingredients.
These forms of administration are known, avoid a premature release of active ingredients, and
instead permit retarded, continuous, or discontinuous release of the drug dose as well as tak-
ing mesalazine to the desired target site. Here, the monolithic dosage form has the advantage
that generally the volume is smaller with the same dose and composition than that of a multi-
particulate dosage form. Thus, tablets for many patients are easier to swallow than the corre-

sponding multi-particulate forms with the same dose.

In addition to such galenic requirements the correct taking of the medicament as well as the
exact adherence to the dosage instructions and type and duration of use by the patients are
an essential requirement for the efficacy of a mesalazine treatment. Compliance shows itself
in how exactly and for how long the patient complies with the prescribed dosage scheme. Non-

compliance by the patient influences the therapy result up to ineffectiveness.

The World Health Organization (WHO) in addition to social/economic, system-related and dis-
ease-related factors describes therapy and patient-related phenomena as reasons for non-
compliance. As expressions of therapy and patient-related factors complexity of the treatment
regime and duration of the treatment as well as motivation, expectations, and forgetfulness of
the patients can be mentioned, among others. Thus, an essential measure to improve compli-

ance is to simplify the therapy with drugs.

Unsuitable dosage schemes for the oral high-dose therapy of inflammatory bowel diseases
with mesalazine can impair the everyday life and thus the quality of life of the affected patients.
This particularly applies to patients in whom after a successful therapy reoccurrence of the
disease is to be prevented. Compliance can significantly be enhanced by administering forms
of administration that are comfortable for the patients, by reducing the number of medicaments
to be taken, as well as by a simplified dosage scheme. In this context, the daily and correct

taking of high daily doses of mesalazine represents a major challenge for the patient.

Various solutions for the use of oral mesalazine preparations are described in the prior art. The
therapeutic use of enteric-coated tablets of mesalazine with relatively low amounts of active
ingredient such as for example Salofalk® 250 mg /-500 mg enteric tablets (EP 0 083 775),

Claversal® 250 mg/-500 mg enteric tablets, or Asacol® 400 mg enteric tablets are established.
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These forms of administration have film coatings based on polymeric substances with pH-
related solubility properties. Depending on the resolution pH value as well as the amount of
applied film-forming agent a specific section of the intestine can be selected for the start of the
mesalazine release. After the film coating has completely been dissolved in the small intestine
a rapid release of mesalazine from the remaining and subsequently disintegrating tablet core

can be assumed. Thus, drug release is retarded, but not modified.

Modern mesalazine-containing oral forms of administration also describe high-dose formula-
tions that however have the disadvantage of a very complex pharmaceutical technology. So,
there are described multi-particulate formulations in the form of pellets (EP 0 977 557). In EP
0 977 557 there is described an oral pellet formulation having a controlled releasing profile.
Here, controlled release is achieved by a complex polymer matrix, in which the active ingredi-
ent is present in the core of the pellet, and enteric film coatings. Use of sachets enables the
administration of more than 1000 mg mesalazine pellets per sachet. WO 2004/093884 de-
scribes the administration of a retarded release mesalazine formulation as a sachet at a dos-
age between 500 mg to 10 g per sachet. Also, only complex pharmaceutical technologies are
known in the form of tablets. In EP 1 198 226 there is also described an inner matrix in which
the active substance is at least partially enclosed. Additionally, said oral form of administration

contains an outer hydrophilic matrix and optionally further other carriers.

A further high-dose formulation contains a matrix core of a defined viscosity, wherein said
hydrophilic matrix has to be present in an amount of 1 to 20% based on the total weight of the
tablet (EP 2 621 477).

In WO 2011/045775 there are disclosed tablets having relatively high content of mesalamine
(1200 mg per tablet). In the preparation granulated mesalamine is mixed with matrix-forming
substances such as Carbopol and subsequently compressed. Said tablets are provided with a

single layer of enteric coating agent.

WO 00/44353 describes pharmaceutical compositions for slow release of various active ingre-
dients in the gastro-intestinal tract. Here, a number of active ingredient-containing particles are
coated with a material that is insoluble in gastric and intestine juice, wherein the individual

particles after having been coated with coating agents such as Eudragit® RS or Eudragit® NE
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are compressed together. Here, the active ingredient-containing core represents a homoge-
nous mixture comprising the active ingredient and a polymer that is insoluble in gastric and

intestine juice.

WO 2015/062640 discloses an insulating layer for the accelerated release of active ingredients
in the intestine for retarded release pharmaceutical formulations. The tablets described there
contain a core with the pharmaceutical active ingredient, an insulation layer that causes an
accelerated release of the active ingredient in the intestine and covers the core as well as an
outer coating which in turn consists of an inner and an outer layer. The outer and inner layers

of the outer coating include polymeric materials that dissolve at a pH value above 6.

WO 2009/047802 describes pharmaceutical formulations for various active ingredients, i.a. 5-
amino salicylic acid or its metabolites. These are administered in a bio-adhesive formulation.
Retarded release is caused by mixing the active ingredient with a polymer that is insoluble in
gastric juice and subsequently compressing. Said matrix tablet is subsequently coated with an

enteric coating.

US 2015/196518 Al discloses Caplets that contain 800 mg Mesalamin. First a premix is man-
ufactured, that is granulated, dried and pressed into Caplets. These Caplets are provided with
an enteric coating and introduced into gelatin capsules, which are relatively large and contain
less active ingredient.

It is the object of the present invention to provide a stable high-dose tablet of mesalazine that
enables the administration of 2000 mg of an active ingredient per unit by an optimized recipe.
Due to the chosen design and size the tablet can be swallowed without any problems, so that
the same therapeutic efficacy such as e.g., with taking twice the number of Salofalk® 500 mg
enteric tablets can be achieved with a simplified dosage scheme. This considerably simplifies
the therapy with drugs and regular medication intake is ensured. Thus, all the properties of the
present invention increase acceptance of the form of administration in the patients and result

in an enhanced compliance.

A further aspect of the present invention is that the high-dose tablet of mesalazine is well ac-
cepted by the patients. Here it is essential that the tablet, which is relatively large itself, can be
swallowed well and without any problems. On the other hand, the high-dose tablet according

to the invention should have a release profile of the active ingredient that corresponds to the
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release profile of two smaller tablets. That is, for example a high-dose tablet of mesalazine
with 1000 mg of active ingredient should have a release profile corresponding to the active
ingredient profile of two tablets of 500 mg active ingredient each.

Moreover, to reduce burden on the patients, the relative proportion of excipients and coating
materials should be kept as low as possible. Excipients and coating materials could be toler-
ated poorly at least by some patients and thus, the proportion should be kept as low as possi-
ble.

Thus, the present invention relates to an oral enteric high-dose tablet comprising 700 mg to
1200 mg of mesalazine as the active substance or a pharmaceutically acceptable salt thereof
and at least one excipient, wherein the mass of the high-dose tablet is at most 35% and par-
ticularly preferred at most 25% higher than the mass of the active substance and wherein the
at least one excipient does not contain any matrix-forming substances in the core. The formu-
lation according to the invention is not a matrix tablet in which the release of the active ingre-

dient is controlled by the matrix in the tablet core.

Here, enteric means that the high-dose tablet meets the demands on enteric tablets in accord-
ance with the specifications of the monographs on forms of administration of the European

Pharmacopoeia.

As used herein, high-dose tablet means a tablet of a high dose of an active substance. In the
present invention, a high dose particularly means an amount 1000 mg of the active substance.
About 1000 mg means a range of 980 mg to 1020 mg of the active substance, namely mesal-

azine.

The high-dose tablet according to the invention contains about 1000 mg of mesalazine. In this
way, a daily dose of 3 g of mesalazine can be realized either by the single administration of

three high-dose tablets or by using three times one tablet each (in the morning, noon, evening).

The at least one excipient is chosen from the common pharmaceutically acceptable excipients
for granulation and tablet preparation. Said at least one excipient together with the active in-
gredient forms the tablet core. Especially preferred the at least one excipient exclusively con-

sists of polyvinyl pyrrolidone, particularly preferably povidone K25. So, for example the active
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substance mesalazine is converted to an active ingredient granule by means of a binder solu-
tion consisting of water and povidone K25 by wet granulation. Preferably, here povidone K25
is contained in the high-dose tablet in an amount of 50 mg to 80 mg, particularly preferred 66.5

mg to 73.5 mg per 1000 mg of mesalazine.

In a further embodiment the high-dose tablet according to the invention in addition to the ex-
cipient that is preferably povidone K25 can contain further excipients selected from dry binders,
decomposition aids, flow control agents, and lubricants. Such further excipients are preferably

added in an amount of at most 180 mg per 1000 mg of mesalazine.

For example, dry binders are selected from the group comprising calcium phosphates, lactose,
starch, cellulose, hexites, synthetic polymers. Here, microcrystalline cellulose is particularly
preferred. Here, microcrystalline cellulose is preferably contained in an amount of 95.0 mg to
105.0 mg per 1000 mg of a mesalazine high-dose tablet.

For example, decomposition aids are selected from the group comprising starch, cellulose,
cellulose derivatives, synthetic polymers. Here, croscarmellose sodium is particularly pre-
ferred. Here, croscarmellose sodium is preferably contained in an amount of 57.0 mg to 63.0

mg per 1000 mg of a mesalazine high-dose tablet.

For example, flow control agents are selected from the group comprising starch, metallic
soaps, anhydrous highly disperse silica. Here, anhydrous highly disperse silica is particularly
preferred. Here, anhydrous highly disperse silica is preferably contained in an amount of 4.75

mg to 5.25 mg per 1000 mg of a mesalazine high-dose tablet.

For example, lubricants are selected from the group comprising metallic soaps, fatty alcohols,
talcum, high-molecular polyethylene glycols. Here, calcium stearate is particularly preferred.
Here, calcium stearate is preferably contained in an amount of 12.4 mg to 13.7 mg per 1000

mg of a mesalazine high-dose tablet.

Moreover, the at least one excipient does not contain any matrix-forming substances. As used
herein, matrix-forming substances mean all substances that embed the active substance in a
skeleton and so influence the release of the active substance. Examples of matrix-forming

substances are cellulose derivatives, such as for example ethylcellulose, hydroxypropylme-
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thylcellulose, waxes, polyvinyl acetate, polymers and copolymers of acrylates and methacry-
lates, such as for example Eudragit® of the RL, RS or NE types, without being restrictive. As
the matrix-forming substances in the meaning of the present invention such additives are un-
derstood that are present in the tablet core and cause a delay of the release of the active

ingredient.

The high-dose film coated tablet according to the present invention is characterized in that the
mass of the high-dose film coated tablet is at most 35% higher than the mass of the active
substance. That means that for example a tablet of a mass of active substance of 1000 mg

has at most a total mass of 1350 mg.

In one embodiment the mass of the tablet core of the high-dose tablet is at most 35% higher,
and particularly preferred at most 30% and especially preferred at most 25% higher than the

mass of the active substance.

In a further embodiment the proportion of the at least one excipient is at most 35% by weight
and patrticularly preferred at most 20% by weight based on the total weight of the high-dose
tablet.

Here, it is only a theoretic option to develop a 1000 mg high-dose tablet based on the recipe
of the Salofalk® 500 mg enteric tablet by simply doubling the substances since this procedure
would no longer result in deglutible molded articles of a mass of ca. 1.7 g. In this case, the

mass of the tablet is 70% higher than the pure active ingredient proportion.

In contrast to that, the high-dose tablet according to the invention that has equivalent bio-
pharmaceutical and therapeutic properties with Salofalk® 500 mg enteric tablets manages with
a excipient proportion of only ca. 25%, so that the mass of the tablet is at most 35% higher
than the pure active ingredient proportion. As outlined in example 1 the 1000 mg high-dose
tablet according to the invention has only a mass of 1.3 g. Thus, while maintaining functionality
these molded articles are significantly reduced in size and much more suited for an oral appli-
cation than tablet recipes prepared by simply doubling. This is connected to an enhanced pa-

tient acceptance.

The high-dose tablet according to the invention consists of a tablet core of optimized dimen-

sions in view of shape and size and in one embodiment at least one film coating. The tablet
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core is prepared by compressing a powder blend. It contains the active ingredient granule in a
mixture with at least one excipient. Here, the total amount of active ingredient per tablet is

processed in the granule.

In contrast to the at least one excipient the at least one film coating can contain matrix-forming
substances. The at least one film coating can be applied in several layers. It is particularly
preferred to apply 2, 3 or more layers. These layers can consist of both the same and different
film-forming substances. Preferably, according to the invention there are used such film coat-
ings that do not form a matrix, but dissolve in vivo. The at least one film coating is selected
from the list of film-forming substances consisting of hypromellose, celluloseacetate phthalate,
hydroxypropylmethylcellulose phthalate, hydroxypropylmethylcellulose acetate succinate, pol-
yvinylacetate phthalate, shellac, anionic copolymers of methacrylic acid and their esters of the
Eudragit® type, such as for example Eudragit® L, Eudragit® S, or mixtures thereof.

In a preferred embodiment the film coating consists of a primer coating as well as two layers
that serve to ensure the retarded release of the active ingredient. For example, the primer
coating consists of hypromellose and the layers that serve to ensure the retarded release of
the active ingredient consist of Eudragit® L and Eudragit® S. As to the release of the active
ingredient in vivo the primer coating is neutral. The primer coating neither alone nor in combi-

nation with the outer coating layers accelerates the release of the active ingredient.

In a particularly preferred embodiment the high-dose tablet according to the invention has a
relatively thin “primer coating” of hypromellose (hydroxypropylmethylcellulose). One ad-
vantage of said primer coating is that the enteric coating attached thereto can be applied better
and more evenly and that thereby also thinner layers of the enteric coating consisting of one
or two layers can be applied. Finally, this results in the fact that less coating material is applied

based on the active ingredient content and still the desired release profile can be achieved.

In a further preferred embodiment the film coating consists of two layers that serve to ensure
the retarded release of the active ingredient. For example, the two layers consist of Eudragit®

L or Eudragit® S or mixtures of Eudragit® S and L.

In a preferred embodiment the active ingredient granule is prepared by wet granulation of

mesalazine with a binder solution consisting of water as the solvent and a water-soluble poly-
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mer, preferably povidone K25, as the binder. Here, the added amount of povidone K25 corre-
sponds to 66.5 mg to 73.5 mg per tablet. Following wet screening and drying of the active
ingredient granules excipients for improving the decomposition property, preferably croscar-
mellose sodium in an amount of 57.0 mg to 63.0 mg per tablet, dry binder, preferably micro-
crystalline cellulose in an amount of 95.0 mg to 105.0 mg per tablet, flow control agents, pref-
erably anhydrous highly disperse silica in an amount of 4.75 mg to 5.25 mg per tablet, and

lubricant, preferably calcium stearate in an amount of 12.4 mg to 13.7 mg per tablet are added.

The final mixture consisting of active ingredient granule and further excipients can be deformed
very well. By compressing the mixed granule there result tablet cores that with a mass of 1248
mg per unit have an active ingredient proportion of 80%. Surprisingly, these tablet cores de-
spite the high active ingredient proportion exhibit excellent mechanical properties as well as a
rapid and complete disintegration as an important requirement for drug release after dissolu-
tion of the film coating. Strength of the compacts can be evaluated by determining the re-
sistance to fracture and abrasion. Both properties are preferably determined in accordance
with methods 2.9.7 and 2.9.8 of the European Pharmacopoeia. Resistance to fracture of the
mesalazine high-dose tablets according to the invention is above 160 N, abrasion resistance
or abrasion wear, respectively is less than 1%. Disintegration time of the tablet cores in 0.3
molar phosphate puffer pH 6.8, preferably determined according to method 2.9.1 of the Euro-

pean Pharmacopoeia, is less than 15 minutes.

Surprisingly, the tablet core of the application according to the invention manages with less
excipients than known recipes of the tablet core such as e.g., those of Salofalk® 500 mg enteric
tablets without changing the properties of the molded article. Here, the active ingredient gran-
ule of the 1000 mg high-dose tablets only consisting of mesalazine and povidone K25 results
in the identical bio-pharmaceutical and therapeutic properties as the significantly more com-
plex granule of Salofalk® 500 mg enteric tablets that for solubilizing the active ingredient addi-
tionally contain the excipients sodium carbonate and glycine. According to the invention these
two substances can be cancelled in the preferred embodiment without replacement. Namely it
has surprisingly been found in the present invention that for a complete pH controlled release
and availability it can be refrained from the use of sodium carbonate and glycine. Refraining
from sodium carbonate also enables that the active ingredient granule of the 1000 mg high-
dose tablet according to the invention can be prepared purely aqueous and not by using an
organic solvent such as ethanol. Efficacy of the present high-dose tablet in use was confirmed

by comparative clinical study.
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In addition to the improved granule recipe and product shape the optimized qualitative and
guantitative composition of the film coating of the mesalazine 1000 mg high-dose tablet has to
be mentioned as a further decisive and surprising feature of the invention. Thus, the process
of film coating is significantly simplified and accelerated without impairing the desired releasing
behavior of the active ingredient. This ensures that with a simplified dosage scheme as well
as an enhanced patient acceptance the same therapeutic efficacy is achieved as with taking

twice the number of Salofalk® 500 mg enteric tablets.

It is known that the successful treatment of the acute episode of ulcerative colitis as well as
the prevention of recurrency with Salofalk® 500 mg enteric tablets require a defined release
profile of mesalazine from the dosage form. Local availability of the active ingredient starts
after the stomach passage with a further time delay of at least 15 minutes in the small intestine.
That is, on the one hand the film coating has to ensure resistance to gastric juice of the form
of administration and on the other hand may only completely be dissolved at least 15 minutes
after stomach passage in the small intestine in order to ensure the start of the active ingredient
release at the desired target site. With Salofalk® 500 mg enteric tablets such a release behavior
is achieved by sequentially applying three layers of 90.5 mg of methacrylic acid methylmethac-
rylate copolymer (1:1) in total per tablet based on a surface of ca. 3.7 cm? (corresponding to
25 mg/cm? and a coat of 13%). This is an anionic polymer of methacrylic acid and methyl-
methacrylate of the trade name Eudragit® L. The ratio of the free carboxy groups to the ester
groups is 1:1 and determines the solubility of the polymer from a pH value of 6.0. In association
with the amount of film applied this ensures resistance to gastric juice as well as the start of
the active ingredient release at the target site. Additionally, the tablet cores are isolated with a
non-functional hypromellose layer before the methacrylic acid methylmethacrylate copolymer

(1:1) is applied.

The “primer coating” that is preferably used according to the invention and preferably consists
of an enteric coating material such as hydroxypropylmethylcellulose dissolves in the intestine
independent of the pH value after the enteric outer coating has been dissolved. However, re-

lease of the active ingredient is not accelerated or otherwise modified by said primer coating.

The 1000 mg high-dose tablet according to the invention ensures the required release behavior
of mesalazine in the small intestine by the fact that the tablets need to be coated with signifi-

cantly less polymer material. In contrast to Salofalk® 500 mg enteric tablets the coating only
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includes 72.0 mg of a film-forming agent per tablet based on a surface of ca. 5.3 cm? (which
corresponds to 14 mg/cm? and a coat of 6%). This marked reduction of the film amount is
associated with an optimized qualitative composition of the coating material for the retarded
release of active ingredient that only needs to be applied in two layers instead of three. Here,
as the film-forming agent two copolymers of the Eudragit® type are used. In addition to Eu-
dragit® L a mixture of Eudragit® L and Eudragit® S is used. Eudragit® S is the trade name for
an anionic polymer of methacrylic acid and methylmethacrylate, wherein the ratio of the free
carboxy groups to the ester groups is 1:2. Solubility of said copolymer is given at a pH value

of 7.0 and above.

As outlined in example 1 the tablet cores isolated with hypromellose in the preferred embodi-
ment at first are coated with a layer of methacrylic acid methylmethacrylate copolymer (1:1).
Here, 47.2 mg of the polymer are applied to the surface of each tablet core (which corresponds
to 9 mg/cm? and a coat of 4%). Subsequently, in a second layer a mixture consisting of 60%
by weight of methacrylic acid methylmethacrylate copolymer (1:1) and 40% by weight of meth-
acrylic acid methylmethacrylate copolymer (1:2) is added. The film resulting from said mixture
coats each tablet surface with a further polymer material (which corresponds to 5 mg/cm? and

a coat of only about 2%) consisting of Eudragit® L and Eudragit® S.

By the optimized qualitative and quantitative composition of the film coating of the mesalazine
1000 mg high-dose tablet the resistance to gastric juice as well as the desired release behavior
in the upper small intestine are realized by a markedly less coat of polymer material. This
results in a much simpler concept of coating the tablet cores. Comparative studies on active
ingredient release in-vitro show identical resolution profiles between the high-dose tablet ac-
cording to the invention as well as the Salofalk 500 mg enteric tablets in artificial intestinal juice
with the required delay time of at least 15 minutes in vitro. Also resistance to gastric juice is

ensured. Example 3 shows the results of the comparative active ingredient release tests.

Performing comparative active ingredient release tests, as shown in example 3, is an important
means for selecting formulations since the results can be used to predict the bio-pharmaceu-
tical and therapeutic properties. If two formulations to be compared behave identical in these

tests conclusions to the actual in-vivo situation in the patient are possible.

The in-vitro release apparatus used as standards, such as rotary basket and blade stirrer ap-

paratus, are only partially suitable, since they cannot suitably simulate the relevant conditions
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of the gastro-intestinal passage. These are different passage and retention times, composition
and volume of the gastro-intestinal fluid as well as hydrodynamic conditions. The more exact
the gastro-intestinal segments are simulated in vitro, the better the predictions on the actual

behavior of the dosage form in vivo.

The far better method to predict the product behavior under the condition after the intake by
the patient is to simulate the gastro-intestinal passage as true as possible. Particularly suitable
for that is the apparatus of the dipping cylinder (apparatus 3 according to chapter 2.9.3 of the
European Pharmacopoeia). Said system allows characterization and comparison of dosage
forms taking into account biologically relevant examination conditions. These are multiple me-
dia exchange, use of a smaller test volume as well as simulation of transport movements.
Example 6 shows the results of the active ingredient release tests of the 1000 mg high-dose
tablet according to the invention in comparison with Salofalk 500 mg enteric tablets using the
apparatus of the dipping cylinder.

In a particularly preferred embodiment a high-dose tablet according to the invention with 1000
mg of mesalazine has a release profile of the active ingredient in the biodissolution test, as
shown in example 6, that substantially corresponds to the release profile of two 500 mg tablets.
That means that up to 120 min less than 10% of active ingredient are dissolved and that after

180 min 70% or preferably at least 80% more active ingredient are dissolved.

In a further preferred embodiment the high-dose tablets are oblong with parallel longitudinal
sides and rounded narrow sides. The surfaces are biconvex curved and free from notches or
breakage grooves. Here, the tablet height h is in the range of 6 to 8 mm, preferably in the range
of 6.8 mm to 7.4 mm, particularly preferred 7.1 mm. The tablet length | is in the range of 19 to
22 mm, preferably in the range of 20 mm to 21 mm, particularly preferred in the range of 20.1
mm to 20.6 mm, such as for example 20.3 mm. The tablet width b is in the range of 8 to 10
mm, preferably in the range of 9 mm to 9.8 mm, particularly preferred in the range of 9.2 mm

to 9.7 mm, such as for example 9.4 mm.

Radii of curvature (double curvature) of the convex top and bottom sides of the oblong tablet
are 4.25 mm and 60.00 mm in the longitudinal direction and 4.25 mm and 8.00 mm in the
transverse direction and allow an optimum coating of the tablets as well as enhanced swallow-

ability of the coated tablets.
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Example 2 describes the dimensions of the mesalazine 1000 mg high-dose tablets according
to the invention. The tablet surface is ca. 5 cm?2. The chosen tablet size results in stable molded
articles with optimum mechanical and geometric properties for application of even and thin film
coatings in the drum coater. At the same time by the shape and dimensions swallowability and

thus, acceptance of the tablets by the patients are enhanced to a great extent.

The described features of the invention result in the provision of a stable mesalazine 1000 mg
high-dose tablet. Primary package of the tablets preferably is in blisters consisting of PVC or
PVC plastic forming foils coated with PVDC and hard aluminum covering foil. Qualitative and
guantitative composition as well as the manufacturing method chosen and choice of the pri-
mary packaging means ensure that the tablets do not show changes at storage under climatic
zone Il conditions over a period of at least 36 months. Also under the conditions of loading
tests the tablets are stable. The results of durability tests are outlined in example 4.

Moreover, the present invention relates to the use of mesalazine-containing high-dose tablets
as described above in the treatment of chronic inflammatory bowel diseases. In one embodi-
ment the mesalazine 1000 mg high-dose tablet according to the invention such as Salofalk®
500 mg enteric tablets is used in the treatment of an acute episode of ulcerative colitis as well

as prevention of recurrency.

In a clinical study with the aim to show that the high-dose tablet according to the invention can
be compared with the 500 mg tablets described in the prior art both formulations were tested
over a period of 8 weeks. A total of 306 patients suffering from an active ulcerative colitis were
treated in a double-blind (double-dummy) clinical study in several European countries either
with the 1000 mg mesalazine tablet according to the invention (intake three times a day) or
2x500 mg of mesalazine tablets (also intake three times a day). Patients who achieved a clin-
ical remission after 8 weeks of treatment (visit 4 of the patients) were evaluated as successfully
treated. Clinical remission was very stringent defined as a disease activity index <4 (CAl, Colitis
Activity Index) with a daily defecation frequency in said index of O (defined as < 18 defecations
per week) and a sub-score for rectal bleeding of 0 too (defined as 0-1 bloody defecations in
said sub-score). Example 5 shows the results of the study in the various statistical evaluation
populations. The clinical study could be terminated already after the intermediate analysis due
to the comparable efficacy. In the treatment group having taken the high-dose tablet according

to the invention (M1000) 46.6% of the patients achieved the primary proof of efficacy compared
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to 38.6% of the patients in the treatment group with 2x500 mg mesalazine tablets (M2x500)
daily (example 5).

Therapeutic efficacy, safety and tolerance of mesalazine are equally ensured by both formu-
lations. In view of these criteria there is no difference between the Salofalk® 500 mg enteric

tablet and the mesalazine 1000 mg high-dose tablet according to the invention.

However, the patients clearly prefer the medicamentous treatment with the mesalazine 1000
mg high-dose tablet. A great majority of the patients (47.7%) clearly speak out in favor of the
intake of only one tablet. Only 10.5% of the patients patrticipating in the study preferred the
intake of two smaller mesalazine tablets. The result is robust since all the patients in the dou-
ble-blind clinical study have taken both forms of administration, either as a placebo or as a
verum during the study. This surprisingly clear vote can be attributed to the chosen shape and
size of the high-dose tablet and thus, to a much more simplified and patient-friendly dosage
and administration scheme, whereby the regular intake of medicaments is facilitated and the
acceptance by the patients is enhanced. Accordingly, with the mesalazine 1000 mg high-dose
tablet according to the invention compliance can be enhanced, so that a proportionally higher
success of the mesalazine therapy can be achieved compared to the tested established forms
of administration. Thus, therapy and patient related factors as causes for non-compliance can

significantly be reduced with the high-dose tablet according to the invention.

Preferred embodiments of the present invention are made evident by the following examples.

Example 1: Qualitative and quantitative Compaosition of the preferred embodiments of a mesal-

azine enteric 1000 mg high-dose tablet

Substance Mass per Tablet
Mesalazine 1000.00 mg
Povidone K25 70.00 mg
Microcrystalline Cellulose 100.00 mg
Anhydrous highly disperse silica 5.00 mg
Croscarmellose sodium 60.00 mg
Calcium stearate 13.00 mg
Hypromellose 6.50 mg
Macrogol 6000 7.60 mg
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Methacrylic acid methylmethacrylate copolymer 1:1 57.10 mg
Methacrylic acid methylmethacrylate copolymer 1:2 1490 mg
Talcum 12.05 mg
Titanium dioxide 0.60 mg
Iron oxide, yellow 0.75 mg
Mass of coated tablet 134750 mg

Table 1

The composition of a preferred 1000 mg high-dose tablet is given in table 1.

The above substances of the tablet core: mesalazine, Povidone K25, microcrystalline cellu-
lose, anhydrous highly disperse silica, croscarmellose sodium and calcium stearate all add up
to 1248 mg. This represents 80.1% by weight of the ready-made tablet. Thus, the proportion
of the coatings is less than 20.0% by weight of the finished tablet.

Example 2: Tablet shape, tablet size, tablet geometry as well as tablet dimensions of mesala-

zine enteric 1000 mg high-dose tablets

Tablet Geometry

e shape, appearance oblong, rod-shaped

e sides parallel to slightly rounded longitudinal and rounded
narrow sides

e surface biconvex curved surfaces, free from notches or

breakage grooves

Tablet size and dimensions (without film coating)

o Tablet height 7.1 mm (6.8 mm to 7.4 mm)

o Tablet length 20.3 mm (20.1 mm to 20.6 mm)
o Tablet width 9.4 mm (9.2 mm to 9.7 mm)

o Height of edge 3.2mm (2.9 mm to 3.5 mm)

o Height of spherical cap 1.95 mm

. Circumference 5.1cm

o Surface of circumferential or edge, resp.  1.64 cm?
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. Projected area 1.84 cm?
. Surface 5.32 cm? (5.16 cm? to 5.47 cm?)

Tablet curvature (radii of curvature of the spherical cap)

e curvature radii, longitudinal
- Radiusl: 4.25mm
- Radius2: 60.00 mm
e curvature radii, transverse
- Radius1: 4.25mm
- Radius2: 8.00 mm

Example 3: Proof of equivalent active ingredient release profiles of mesalazine enteric 1000
mg high-dose tablets and Salofalk® 500 mg enteric tablets

A high-dose tablet (1000 mg) according to the invention shows an equivalent resolution profile
of mesalazine as two Salofalk® 500 mg enteric tablets. Here, in the preferred embodiment
comparable studies on active ingredient release in vitro were performed with two different
batches of mesalazine enteric 1000 mg high-dose tablets and included the test over two hours
in artificial gastric juice with a pH value of 1 (0.1 M HCI) as well as the subsequent test over
60 minutes in artificial intestinal juice with a pH value of 6.8 (0.3 M phosphate buffer). After
exposition in artificial gastric juice the film coated tablets of the reference preparation, i.e. Salo-
falk® 500 mg enteric tablets, and the film coated tablets of the invention, i.e. mesalazine enteric
1000 mg high-dose tablets, showed identical resolution profiles of mesalazine in artificial in-
testinal juice. After the required delay time of at least 15 minutes the release profiles run ap-
proximately coincident and after 60 minutes the complete dissolution of mesalazine has been
achieved. The amounts of mesalazine released after the individual test times in artificial intes-
tinal juice differ between the reference preparation and the high-dose tablet according to the
invention by less than 10%. According to the guidelines of the European Medicines Agency
(EMA) on bioequivalence studies (CPMP/EWP/QWP/1401/98 Rev. 1/Corr.) a similarity factor
(f2) greater than 50 can be calculated from the results of the comparing active ingredient re-
lease tests. Thus, the profiles are considered to be identical. The following explanations sum-

marize the tests in detail.

a) Test pattern
e mesalazine enteric 1000 mg high-dose tablet, batches G0605B001, G0605B002
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« Salofalk® 500 mg enteric tablets, batch 1204966001

b) Parameters of the active ingredient release test
e release apparatus: blade stirrer apparatus (apparatus 2 according to chap-

ter 2.9.3 of the European Pharmacopoeia)

e Test media
- artificial gastric juice: 0.1 M HCI, volume 500 ml, 120 minutes
- artificial intestinal juice: 0.3 M phosphate buffer pH 6.8, volume 1000 ml,
60 minutes
e temperature 37.0°C +£0.5°C
e stirring speed: 100 rpm
e number of samples per test time
and batch: N=12
e test times: 0, 5, 10, 15, 20, 25, 30, 35, 45, 60 minutes

c) Content determining method for mesalazine
The content of the amount of mesalazine released in the test medium was spectro-photo-

metrically determined at a wave length of 370 nm.

d) Results

Figure 1 shows the release profiles of the three tested batches.

The calculation of the similarity factor (f2) at the final test time yielded the following results:

e mesalazine enteric 1000 mg high-dose tablet, batch G0605B001, and Salofalk 500 mg
enteric tablet, batch 1204966001: f2 = 66

e mesalazine enteric 1000 mg high-dose tablet, batch G0605B002, and Salofalk 500 mg
enteric tablet, batch 1204966001: f2 = 53

Example 4: Results of durability studies on mesalazine enteric 1000 mg high-dose tablets

Two batches of mesalazine enteric 1000 mg high-dose tablets were prepared in the preferred
embodiment, packed into blisters consisting of PVDC/PVC aluminum foils and stored at
25°C/60% relative humidity and 40°C/75% relative humidity for durability studies. After prepa-

ration and in regular intervals during storage both the content and purity of the film coated
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tablets as well as release of active ingredient were determined. Here, determination of content
and purity was performed with a validated HPLC/UV method, while the determination of the
active ingredient release from the film coated tablets was spectro-photometrically performed
at a wave length of 370 nm. The high-dose tablet according to the invention neither under long-
term conditions (36 months at 25°C/60% relative humidity) nor under accelerated conditions
(6 months at 40°C/75% relative humidity) shows changes in the tested properties. The two

following tables 2 and 3 summarize the results of the durability studies of the two batches.
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Example 5: Clinical Data

The results of the clinical study are summarized in table 4.

Analysis
approach Number (%) of patients in clinical Sign. p
remission at V4-LOCF Diff2 95%-RCIP level® value?
M1000 M2x500

N n % N n %
PP Interim I® 103 48 46.6 114 44 38.6 8.0% [-9.6%, 25.2%] 0.0043 0.0003
FAS Interim| 115 53 46.1 123 46 37.4 8.7% [-8.1%, 25.0%] 0.0043 <0.0001

PP Finalf 134 64 478 144 61 424 5.4% [-10.2%, 20.8%] 0.0043 0.0003
FAS Finalf 151 68 450 155 65 419 3.1% [-11.7%, 17.8%] 0.0043 0.0006

2 difference between proportions (mm1000 - xM2x500)

b repeated 95% confidence interval (RCI)

¢ single-sided local significance level

4 test of Ho (mtm000 — Tm2xs00 < -0.15) by inverse normal test statistics

¢ primary analysis

f PP / FAS analysis approaches taking into account 68 overrunning patients taken up into the study during the interim
analysis |

In table 4 PP describes the Per Protocol analysis and FAS the analysis in the “Full Analysis
Set”, wherein the patients of the PP population have carried out the study according to the
protocol and in the FAS population all 306 patients were evaluated who were included in

this study.

Example 6: “Bio-Dissolution Test” of the high-dose tablet according to the invention

To objectify and put into perspective the deviations in resolution that necessarily occur in

the individual patients a so-called “Biodissolution” test was performed in vitro.

To proof the equivalent active ingredient release profiles of mesalazine enteric 1000 mg
high-dose tablet and Salofalk 500 mg enteric tablets under biologically relevant test condi-

tions the following test was performed:

Using the apparatus of the dipping cylinder (apparatus 3 according to chapter 2.9.3 of the
European Pharmacopoeia) allows comparing the delayed release of mesalazine from the
high-dose tablet according to the invention as well as from Salofalk 500 mg enteric tablets
under biologically relevant conditions. Here, one dose of the tablets each is in a vial that is
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closed upwards and downwards with a wire mesh to hold the dosage form. Said glass cyl-
inder is moved up and down in a dissolving vessel of a volume of ca. 325 ml. In contrast to
standard apparatus for determining the active ingredient release with this system a number
of test media can be studied. The glass cylinder moves in a vertical moving direction ca.
10 cm in the dissolving vessel containing 200 ml of the test medium. Here, the speed of
movement is 10 dipping movements per minute (dips per minute, dpm). The advantages of
the system are that by a multiple media exchange in the dissolving vessel the tablets contact

different test liquids and thus, gastro intestinal passage can be simulated.

For the tests 1000 mg high-dose tablets according to the invention and Salofalk 500 mg
enteric tablets of commercial production batches were used. For comparison of both tablet
shapes in total five test media were used that especially simulate the pH conditions of the
individual segments of the gastro intestinal tract in fasting state. The retention times in the
individual media in combination with the agitation movements correspond to the conditions
the dosage form is also subjected to in vivo. The test results impressively show that the
active ingredient release of mesalazine from the high-dose tablet according to the invention
and from Salofalk 500 mg enteric tablets equally only takes place under the conditions of
the distal ileum. Here, the active ingredient is completely released from the tablets and is
available for local action. That is, the active ingredient is transported to the desired target

site by the formulation. The following explanations summarize the tests in detail:

a) Test pattern
¢ mesalazine enteric 1000 mg high-dose tablet, batch 1501215501
¢ Salofalk 500 mg enteric tablets, batch 1601218801

b) Parameter of the active ingredient release test
¢ release apparatus: apparatus of dipping cylinder (apparatus 3 ac-
cording to chapter 2.9.3 of the European Phar-

macopoeia)

mesh size: 840 um

volume of each dissolution vessel: 200 ml

temperature: 37.0£0,5°C

dipping movements: 10 dipping movements per minute (dips per mi-
nute, dpm)
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e number of samples per test time
and batch: N=6
¢ test media and removal and
test times, respectively:
5
Segment of the gastro- pH value Test medium Removal and test
intestinal tract times
(minutes)
stomach 1.2 0.1 M HCI 60
proximal jejunum 6.5 phosphate buffer 15
(Ph. Eur. 5.17.1)
distal jejunum 6.8 simulated intestinal 15
fluid without pep-
sins (S”:sp)
(Ph. Eur. 5.17.1)
proximal ileum 7.2 phosphate buffer 30
(Ph. Eur. 5.17.1)
distal ileum 7.5 simulated intestinal 5, 10, 20, 30, 40,
fluid without pep- 50, 60, 90, 120
sins (SIFsp) (Ph.
Eur. 5.17.1)!
large intestine not tested
1 calculated osmolarity ~ 0.5 osmol/l
¢) Determination of content for mesalazine
Determination of the content of the amount of mesalazine released in the test medium
10 was performed by high-performance liquid chromatography with UV/VIS detection

(HPLC/UV). Detection wave length was 220 nm.

d) Results

Figure 2 shows the release profiles of both tested batches.

15
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Patentkrav

1. Oral magesaftresistent hgydosert tablett, omfattende som aktiv bestanddel
1000 mg mesalazin eller et farmasgytisk akseptabelt salt derav og minst ett
hjelpestoff som ikke inneholder matriksdannende bestanddeler, hvor den
hgydoserte tablettens masse er maksimalt 35 % hgyere enn den aktive
bestanddelens masse, og det minst ene hjelpestoffet bestdr av
polyvinylpyrrolidon, hvor den hgydoserte tabletten har minst ett filmbelegg som
omfatter en magesaftresistent polymer, og som utgjgr mindre enn 10 vekt-% i
forhold til den hgydoserte tablettens totalvekt,

2. Oral magesaftresistent hgydosert tablett ifglge krav 1, karakterisert ved at
det minst ene hjelpestoffets andel utgjgr maksimalt 30 vekt-% i forhold til den

hgydoserte tablettens totalvekt.

3. Oral magesaftresistent hgydosert tablett ifglge et av kravene 1 til 2,

karakterisert ved at den inneholder 50 til 100 mg povidon.

4. Oral magesaftresistent hgydosert tablett ifglge et av de foregdende kravene,
hvor tabletten har en avlang form med parallelle langsider og avrundete smalsider,

og overflatene er bikonvekst hvelvet og frie for innsnitt eller bruddriller.

5. Oral magesaftresistent hgydosert tablett ifglge et av kravene 1-4,
karakterisert ved at frisettingsprofilen i bioopplgsningstesten av virkestoffet
mesalazin til en hgydosert tablett tilsvarer i det vesentlige frisettingsprofilen til to
tabletter som henholdsvis inneholder halve mengden med virkestoffet til den

hgydoserte tabletten.

6. Oral magesaftresistent hgydosert tablett ifglge krav 1, karakterisert ved at
den har et grunnsjikt som ikke akselererer eller p& annen mate modifiserer

virkestoffets frisetting.

7. Oral magesaftresistent hgydosert tablett ifslge et av de foregdende kravene for

anvendelse i behandlingen av kroniske inflammatoriske tarmsykdommer.

8. Oral magesaftresistent hgydosert tablett for anvendelse ifglge krav 7 i

behandlingen av ulcergs kolitt.
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9. Oral magesaftresistent hgydosert tablett for anvendelse ifglge et av kravene 7

eller 8 i behandlingen av ulcergs kolitt i remisjonsfasen.

10. Oral magesaftresistent hgydosert tablett for anvendelse ifglge et av kravene
7 til 9 for behandlingen av kroniske inflammatoriske tarmsykdommer, hvor det
administreres tre hgydoserte tabletter om dagen.

11. Oral magesaftresistent hgydosert tablett for anvendelse ifglge krav 10, hvor
det administreres henholdsvis én hgydosert tablett om morgenen, pa dagen og pa
kvelden.
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Fig. 1
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Fig. 2
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