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Pellets having a multi-layer structure for delayed release of the active substance in

the distal colon

For the treatment of inflammatory processes and alterations in the distal colon, such as for
example ulcerative colitis, there is needed a dosage form that permits local availability of the
active agent budesonide in a sufficiently high concentration at the site of inflammation after
oral application. Said concept also referred to as colon targeting cannot be realized with the
oral application of a conventional pharmaceutical formulation, since there is a high risk that
the active agent cannot be made available in effective concentrations at the site of action,
the pathologically altered areas of the colon. Thus, the aim of the colon targeting preferably
is to be achieved in that the active agent is released from the formulation with a modified
release kinetics in the colon as completely as possible and can be effective there. The
present invention is especially suitable to provide a dosage form that can simply and reliably

be used and meets said requirements.

Various formulations for the treatment of inflammatory bowel diseases have been described
in the state of the art. There are various manifestations of inflammatory bowel diseases,
wherein the Crohn’s disease can manifest in the different areas of the intestine. There are
manifestations in which a main emphasis of the inflammatory areas is in the duodenum.
With other forms it is in the jejunum or ileum or also in the large intestine. In some patients,
the affected areas extend over wide parts of the intestine. On the other hand, ulcerative
colitis almost exclusively manifests in the large intestine, wherein also the large intestine is
subdivided into different areas. In most cases the rectum is involved from which the disease

progresses into the sigmoid colon and colon.

It is a challenge for the pharmaceutical technology to provide the active agent as exactly as
possible at the site of the intestine at which the active agent is needed. Said problem, to
release the active agent quite predominantly in the colon, is not satisfactorily solved by

formulations known in the prior art.
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In WO 91/07172 compositions for the treatment of inflammatory bowel diseases are
described that can be administered orally, wherein one of the active agents is budesonide.
The pellets described there are constructed such that a layer of the active agent is applied
to starter cores, wherein this is coated with two different layers that are sprayed onto the
carrier pellets with the active agent layer. In WO 95/08323 there are disclosed budesonide
pellets having a controlled release pattern. These pellets from the inside to the outside
contain neutral pellets, an active agent layer, an inner lacquer layer of enteric juice-soluble
lacquers, and an outer lacquer layer of gastric juice-insoluble, enteric juice-soluble lacquers.
The thereby achievable release of the active agent after passage of the stomach cannot
satisfactorily be used for the described indication (ulcerative colitis). The desired retarded
continuous release of the active agent in the colon is not achieved. The pellets containing
hard capsules described in the prior art have an early, prompt and fast release which results

in the fact that only little active agent reaches the colon at all.

Pharmaceutical formulations having multiple coatings are also disclosed in WO 03/045356
or WO 2017/216088, wherein also mucoadhesive materials are provided. Further
formulations for controlled release are disclosed in WO 2009/138716 or in WO 00/76478,
wherein the active agents are partially incorporated into three-dimensional matrices,
whereby a retarded release is caused. Also known are complex drug formulations
continuously releasing the active agent from a matrix (Cortiment-MMX retard tablets).
WO 02/17887 discloses drugs for the treatment of bowel diseases, wherein the active agent
is mainly released into the distal segments of the intestine. These are pellets, granules, mini-
tablets preferably containing 5-amino salicyclic acid and are individually coated with an

enteric lacquer and with a second lacquer.

In EP 2 143 424 there are disclosed pharmaceutical forms for the colon-specific
administration. The composition comprises a core coated with a layer having the active
agent. Applied thereon is an intermediate layer of cationic polymer that is swellable at a pH
value of not more than 6.6 and an outer layer that is an anionic polymer that is soluble at a
pH of not less than 7.0. The release of the active agent after a delay of about 300 minutes

takes place relatively fast, sudden, and complete.
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DE 43 32 394 describes budesonide pellets having a controlled release profile, wherein the
neutral pellets have an active agent layer of budesonide and excipients and comprise two

different lacquer layers.

WO 03/080032 describes pharmaceutical formulations substantially comprising a core with
the active agent budesonide, a middle layer with an enteric juice-soluble polymeric coating

agent, and an outer enteric envelope.

EP 1 607 087 discloses oral formulations for the administration to the colon.

Gross et al., Journal of Crohn’s and Colitis (2011) 5, 129-138 report a study in which it turned
out that treatment with 3 g of mesalazine granules (Salofalk®) provides better results than a
treatment with 9 mg of orally administered budesonide, because with the budesonide

preparations known from the prior art the release in the colon could not reliably be ensured.

The pharmaceutical formulations known from the prior art have in common that the desired
release of the active agent budesonide is not ensured such that the active agent is almost
completely provided at the inflamed areas in the entire large intestine, and in particular also

in the rectum.

The object of the present invention are pellets for the delayed and continuous release of the
active agent in the entire colon (figure 1) having a multi-layered envelope, wherein the pellet

has the following components (figure 2):

a) a starter pellet only consisting of an inert material and having no pharmaceutically
effective active agent inside the starter pellet,

b) an active agent layer that is directly applied to the starter pellet and in addition to the
active agent only contains excipients conventional in pharmaceutics,

c) a swelling layer that is directly applied to the active agent layer and contains swelling
materials that swell when contacting intestinal liquor,

d) aretard layer that is also not soluble in intestinal liquor at a pH value >6.5, but becomes

permeable for liquors, and is directly applied to the swelling layer c),
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e) an outermost coating that does not dissolve at a pH value <5.5, but well dissolves at a

pH value greater than 6.0.

In a preferred embodiment there are no further intermediate layers between the individual
layers, as stated above. That is that the active agent layer (b) is directly applied to the starter
pellet (a) and that a swelling layer (c) is directly applied to the active agent layer. A coating
(d) that is a retard layer is directly applied to the swelling layer and the outermost coating (e)

that is enteric is directly applied thereto.

The present invention relates to a pharmaceutical formulation that comprises budesonide
as the effective component or a pharmaceutically acceptable salt thereof and that is

preferably used for the treatment of inflammatory diseases of the colon.

The starter pellets (a) used have an average diameter of 0.2 to 2.0 mm, wherein at least
90% of the particles lie within the given size range. Moreover, the starter pellets have a

spherical shape of uniform surface condition.

Pharmaceutical pellets are powder particles of a nearly spherical shape with an average
diameter of 0.2 to 2 mm, uniform surface, and narrow particle size distribution. The surface

is smooth and of low porosity.

It is important that the beads used as the starter pellet meet certain qualitative requirements.
A possible pellet material are sugar pellets consisting of sucrose and corn starch, wherein
the sucrose content should not be higher than 90wt%. Preferably, the pellets have a narrow
range of the particle size distribution, because this is one of the requirements for a
homogeneous distribution of the finished pellets. The particles have a diameter between 0.2
and 2.0 mm, preferably 0.7 to 1.4 mm, wherein a range between 0.85 and 1.0 mm is
particularly preferred. When preparing the pellets care must be taken that the size
distribution is within a relatively narrow range, so that for example at least 90%, preferably
at least 95% of the particles are in the given range. The methods for determining the particle
size and for determining the distribution of the particle size are described in the European

Pharmacopoeia. In this regard we refer to chapter 2.9.38.
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Another essential aspect concerns the surface condition. The starter pellets should
correspond to an ideal sphere as good as possible, wherein the surface shall be as smooth
as possible and without recesses or protruding projections. For example, the quality of the
pellets can be monitored by means of a stereomicroscope and a digital camera coupled

thereto. The pictures may be evaluated by means of a suitable software.

According to the invention the topically effective corticosteroid budesonide is used as the
active agent. Budesonide is hardly water-soluble. Therefore, in a preferred embodiment

micronized budesonide is used.

Especially suitable for the application is the use of micronized budesonide (specification of
the particle size distribution: 100% < 10 um and > 95% < 5 um; determination method: laser
diffraction). The physical-chemical properties of budesonide are known (literature: e.g.

Merck Index, comment to Pharmacopoeia):

* White to almost white crystalline powder

¢ The solubility in aqueous systems is virtually pH independent and is 0.014 mg/ml.
o Specific Rotation [a]P20 of epimer A is +98.9 (0.28%; in dichloromethane)

e pKa value: 12.85 + 0.10

¢ Melting Point: 221°C - 232°C.

When selecting the form of administration according to the invention it is assumed that the
continuous release is from the intact dosage form and that the passage and transit times in
the gastro-intestinal tract will not adversely be affected (e.g., by longer retention times in the
stomach after food intake). The dose of the medicinally effective component can be
distributed over a generally homogeneous, but large outer surface and flexibly adjusted.
Said properties are achieved with the multi-particular form of administration, namely the
pellets, according to the invention. Here, filling of a defined amount of pellets into hard
capsules or portion packages such as e.g., stick packs, permits adjustment, administration
and application of a defined dose of budesonide. The properties of the drug formulation
described in the particularly preferred embodiment allow the variable single-dosage

administration of budesonide in an amount of 3 to 9 mg.
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The application of the budesonide-containing drug formulation according to the invention
significantly reduces the risk of an undesired intake of budesonide into the systemic
circulation. The multi-particular form of administration is of advantage over the ,single-unit*
formulations described in the prior art in that the active agent is released reproducible and
robust, that is less variable, over a large area of the inflamed colon and thus, is particularly
suitable for the treatment of the intestinal segments affected by an inflammation. In this way,
the budesonide dose to be administered can be administered distributed over a large

surface, wherein said surface is located in the area of the colon.

An early release of the medicinally effective component from the form of administration
according to the invention in the stomach is avoided by resistance of the outermost
coating (e) to gastric juice. Due to said enteric outermost coating (e) the outermost coating
of the pellet is not dissolved in the stomach. The stomach has a pH value of about 1 to at
most about pH 5. As long as the pellets are in the area of the stomach, the outermost
envelope layer does not dissolve. Only after the passage into the small intestine the pH
value is increased and the outermost coating (e) dissolves. In the small intestine and
depending on the time, intestinal liquor penetrates through the layer next to the outermost
envelope layer (d) into the interior of the pellets. The retard layer (d) does not dissolve when
contacting the intestinal liquor. However, due to its permeability the liquor contacts the
underlying swelling layer (c). By the liquor contact the swelling layer (c) starts to swell and
to increase its volume. As a result, the pressure inside the pellets and to the retard layer
increases. Said pressure leads to the fact that openings or defects are formed in the retard
layer through which dissolved budesonide can diffuse from the innermost active agent
layer (a) to the outside. In the further passage of the pellets through the lower digestive tract
said process is continuously continued so that finally a complete budesonide release from

the pellets through the thus opened retard layer becomes possible.

The start of the release only takes place at a pH value of >6 with a short delay time.
Subsequently, the active agent is continuously and pH-independently released over a period
of ca. 9 hours so that at the end an almost complete release of budesonide from the pellets
has taken place, what corresponds to an amount of more than 85% of the declared amount

of active agent. Here it is essential that the release of the active agent does not take place
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suddenly or in a short time interval of 1 to 2 hours, but more or less uniformly in a period of

about 8-10 hours, preferably of 9 hours.

The release of the active agent budesonide from pellets according to the present invention

is determined in the examples by the following in vitro release:

o test apparatus: blade stirrer apparatus (apparatus 2 of the European
Pharmacopoeia)
o stirring rate: 75 revolutions/minute
o test media:
(a) artificial gastric juice: (simulated gastric liquor, SGF)
medium: 0.1 N HCI, pH 1, 0.1% polysorbate 80
volume: 900 ml
test time: 2 hours
criterion: gastric juice resistance (no release)
(b) artificial enteric juice: (simulated intestinal liquor, SIF)
medium: phosphate buffer with 0.1% polysorbate

80 and an osmolality of approx.
270 mOsmol/kg as well as a pH value of

6.5.
volume: 900 ml
test time: 16 hours
criterion: complete release

In the individual measurement experiments, first the pellets have been left in artificial gastric
juice for two hours. Since here a pH value of 1.2 has been set, lacking release of the active
agent budesonide shows intactness of the pellets. After two hours the pellets were taken out
and transferred into artificial enteric juice having a pH value of 6.5. The release of the
budesonide into the medium was measured. The pellets according to the invention are
characterized in that during the first two hours (in artificial gastric juice) virtually no
budesonide was released. After two hours (in artificial enteric juice) a continuous release of

budesonide started that allowed a “colon targeting®.

When testing formulations known from the prior art a release of budesonide has been
observed partially already in the gastric juice. On the other hand, also in the enteric juice a
fast release has just been observed in the first hours. Such a release profile is not useful for

the intended purpose, because the release of the budesonide primarily takes place in the
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small intestine and possibly in the initial areas of the large intestine, but not — such as desired

— primarily in the colon.

For the preparation of pharmaceutical pellets there are primarily described two different
production methods: Coating starter cores (multilayer pellets) as well as wet and melt
extrusion. Multilayer pellets (according to the invention) are multi-coated starter pellets,
wherein the starter cores are active agent-loaded sugar-starch pellets (so called
Nonpareilles), for example. Here, the active agent first is sprayed onto the surface of the
Nonpareilles as an own layer before further functional layers are applied that modify the
release of the active agent. Here the single layers are continuously applied or sprayed in the

fluid bed so that the pellets get their specific functionality.

According to the invention, multilayer pellets are used for colon targeting of budesonide.

Here, the build-up of the developed multilayer pellets is according to the following scheme:

sugar-starch pellets as inert starter pellets
size/diameter: 0.85 - 1.00 mm

\

layer 1: load with budesonide = active agent

pellets

\

layer 2: load with a swelling layer

layer 3: load with a retard layer

layer 4: load with an enteric layer = enteric pellets
\

filling in hard gelatin capsules or stick packs

Surprisingly it could be shown that it is only the complex and systematic build-up of the
pellets according to the invention via starter pellets, active agent pellets, swelling layer
pellets, retard pellets, and enteric pellets that is suited to ensure the transport to the colon

as well as the subsequent continuous release of the budesonide in the colon.

In addition to said stringent structural build-up of the multilayer pellets the selection of
suitable excipients for the individual layers is a further crucial feature of the application

according to the invention. Only by the interaction of structure and composition it is possible
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to optimally take advantage of the multi-particular form of administration for the active agent

budesonide considering the required colon targeting.

The individual layers of the preferred pellets according to the invention beginning with the

starter cores have the following qualitative composition:

¢ Active agent pellets
The active agent budesonide is applied onto the starter pellets (sugar-starch pellets) in an
organic-agqueous suspension consisting of water and isopropyl alcohol (mass ratio of 80%
w/w and 20% w/w) as well as the further components lactose monohydrate (function: filler),
polyvinylpyrrolidone (PVP) of the Kollidon® K25 type (function: binder),
polyoxyethylene (20) sorbitane monooleate (Polysorbate® 80; Tween 80) (function: wetting
agent), and talcum (function: separator). The solids content of the suspension is

ca. 27% wiw. After loading and drying the pellets budesonide adheres to the starter pellets.

¢ Swelling layer pellets:
Subsequently, the active agent pellets are sprayed with an alcoholic suspension of
homopolymeric, cross-linked polyacrylic acid of type A (carbomer; viscosity [0.5%] = 4000 -
11000 mPas; approx. relative molar mass: 1250000) (function: swelling agent),
polyvinylpyrrolidone (PVP) of the Kollidon® K25 type (function: binder), and talcum
(function: separator). In this way, loading with the swelling layer takes place. Here,
isopropyl alcohol is used as the solvent. The solids content in the suspension is

ca. 11% w/w.

o Retard layer pellets:
In the next step, the pellets are film-coated with the polymer combination modifying the
active agent release. Here, a combination of ammonium methacrylate copolymer type B
(poly(meth)acrylic acid methyl/ethyl/2-trimethyl aminoethylester copolymer with a ratio of
ethyl acrylate to methyl methacrylate and trimethyl ammonium ethyl methacrylate of
1:2:.01 = Eudragit* RS 12,5) and ammonium methacrylate copolymer type A
(poly(meth)acrylic acid methyl/ethyl/2-trimethyl aminoethylester copolymer with a ratio of
ethyl acrylate to methyl methacrylate and trimethyl ammonium ethyl methacrylate of

1:2:0.2 = Eudragit® RL 12,5) is used. Both polymers form water-insoluble, but permeable
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films, that are added in a 12.5% w/w solution in isopropyl alcohol (60% w/w) and acetone
(40% w/w) with sodium lauryl sulphate as a wetting agent of the spraying solution or
suspension, respectively. The spraying solution or suspension, respectively additionally
also contains triethyl citrate (function: plasticizer) and talcum (function: separator). The
solids content of the organic-aqueous spraying solution or suspension, respectively is ca.
14% wi/w. The components of the retard layer are suspended in said spraying solution or
suspension, respectively that consists of isopropyl alcohol (ca. 88% w/w) and water (ca.
12% wiw). After film-coating and drying of the pellets the retard layer directly lies on the

swelling layer.

¢ Enteric pellets:
In the last step the pellets are enterically coated. For that, an organic-aqueous solution of
Eudragit® L (polymethacrylic acid/polymethylmethacrylate copolymer with a ratio of
polymethacrylic acid to polymethylmethacrylate of 1:1) is used. The polymer forms an
enteric juice-soluble coat. In addition to the anionic polymer the spraying solution or
suspension, respectively also contains triethyl citrate (function: plasticizer) and talcum
(function: separator) so that a solids content of ca. 15% is obtained. The solvent consists
of 85% w/w of isopropyl alcohol and 15% w/w water. Loading the pellets with said layer

ensures that no release of active agent in the stomach takes place.

Preferably, coating of the pellets with the individual layers takes place in fluid bed plants.
Since the individual layers are applied as liquids or suspensions, respectively the liquid
phase used as a carrier has to be removed. This is done by a suitable ventilation, wherein
the ambient temperature can moderately be increased, however only up to such a

temperature that no undesired side-reactions take place.

The desired functionality of the multilayer pellets results from the optimal, sequential
dissolution and swelling of the applied layers on the way through the digestive tract: as soon
as the pellets reach the small intestine first the polymer of the outermost layer (e) dissolves.
The intestinal digestive fluid penetrates the permeable retard layer (d) into the interior of the
pellets. The pH ratios of the small intestine (pH <5.5 - ca. 7.2) result in swelling of the
polyacrylic acid, the polymer of the swelling layer. The associated increase in volume

increases the internal pressure to the retard layer, whereby continuous defects are formed
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in said layer. In this way, openings are formed through which the budesonide dissolved in
the digestive fluid can diffuse to the outside. In this way, the active agent dissolved in the
digestive fluid can diffuse to the outside over a long period and so be released at the site of
action and act locally. Said process runs time-dependent and starts to the full extent when

the pellets have reached the colon.

A dose of the so developed multilayer pellets can be filled into hard gelatin capsules. The
qualitative and quantitative composition of a preferred capsule at a dose of 9 mg of
budesonide is summarized in Table 1. Here, the solvents used are not part of the

composition, since they are dried out as volatile components during the process.

Various prototypes of the preferred embodiment have been prepared that essentially have

a combination as illustrated in detail in Table 1.

NO/EP3840734
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Table 1: Composition of preferred budesonide multilayer pellets according to the
invention in one capsule

Composition [mg]

Component Function Amount per
Capsule
1. Active agent pellets
budesonide medicinally effective 9.00 mg
component

lactose monohydrate filler 36.00 mg

polyvinylpyrrolidone (Kollidon® K25) binder 2.70 mg

polyoxyethylene(20) sorbitan mono-oleate wetting agent 0.71 mg

(polysorbate 80; Tween 80)

talcum separator 16.50 mg

sugar-starch pellets starter pellets 260.00 mg
sum: 324.91 mg

2. Swelling layer pellets

carbomer swelling agent 24.00 mg

polyvinylpyrrolidone (Kollidon® K25) binder 18.00 mg

talcum separator 18.00 mg
sum; 384.91 mg

3. Retard layer pellets

Eudragit® RS 12,5 retard polymer 6.30 mg

Eudragit® RL 12,5 retard polymer 2.70 mg

triethyl citrate plasticizer 0.90 mg

talcum separator 7.20 mg
sum; 402.01 mg

4. Enteric pellets

Eudragit® L enteric juice-soluble 16.00 mg

polymer

triethyl citrate plasticizer 1.60 mg

talcum anti-sticking agent 8.00 mg
sum: 428.81 mg

5. Hard gelatin capsule

gelatin with titania capsule shell 97.00 mg
total: 525.81 mg

The in vitro release profile of the pellets according to the invention is given in Example 1.

The required criteria of gastric juice resistance and continuous release in the artificial enteric
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juice are met in accordance with the specifications. Example 2 shows that the desired
release of budesonide from the pellets can surprisingly be realized only by the combined
use of the swelling and retard layer. Only the sequential coating of the swelling and retard
layer described for the application according to the invention to the active agent pellets

makes it possible to transfer budesonide to the site of action in the colon.

Negative Example (extrusion pellet, Example 4)

It was tried to develop a pharmaceutical formulation showing the desired release profile,

with a technology variant via extrusion with subsequent spheronization.

Extrusion pellets (negative example) are powder agglomerates, wherein the preparation of
the particles is done by wet or melt extrusion of a powder mass with subsequent
spheronization. Extrusion pellets were only used as a reference. Generally, extrusion pellets
permit a higher active agent load than multilayer pellets, which however in the present
invention is not relevant, since topic corticoids are administered in low doses. For extrusion,
screw extruders are used, wherein by applying pressure a wet or molten mass can be
pressed through openings of a certain size. The thus obtained strands are cut into cylindrical
pellets and subsequently rounded to spheres. The pellets can also be coated in fluid bed
plants. In contrast to multilayer pellets extrusion pellets are prepared batchwise. Essentially
for the selection of the pellet type are inter alia the physical-chemical properties of the active
agent to be processed, the required active agent load, and the desired release mechanism

to obtain a targeted release profile. According to the invention no extrusion pellets are used.

e Here, the build-up of the extrusion pellets regarding the qualitative composition and

preparation followed the following scheme:

active agent granule

\
extrusion
\
spheronization
\
enteric pellets
3

filling into hard gelatin capsules or stick packs

NO/EP3840734
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¢ Active agent granule:
A powder mix of budesonide, lactose monohydrate (function: filler), carrageenan (Gelcarin
GP911 NF) (function: matrix former and extrusion aid), and calcium chloride (function:
enhancement of gel or matrix formation) was water-based granulated. The granulation
liquid still contained polyvinyl acetate (Kollicoat SR 30D) (function: retard polymer and

matrix former). After having sieved the wet mass there was performed extrusion.

¢ Extrusion and Spheronization:
The wet mass was pressed in a screw extruder at 65°C through a perforated plate
(template having defined openings, & 1.0 - 2.2 mm) and subsequently cut to cylindrical
molded parts. Said molded parts are rounded off at max. 50°C, dried, and finally the fines

are separated by sieving (mesh width: 1000 um).

¢ Enteric pellets:
In the last step the rounded pellets are enterically coated. For that, an aqueous suspension
of a mixture of Eudragit® FS 30 D (poly(meth)acrylic acid methylester copolymer) and
Eudragit® L 30 D 55 (poly(meth)acrylic acid ethylester copolymer) in a ratio of ca. 80% w/w
and 20% w/w is used. Both polymers form an enteric juice-soluble coat. Besides, the
aqueous suspension also contains ftriethyl citrate (function: plasticizer), glycerol
monostearate (function: anti-sticking agent), and the wetting agent polyoxyethylene(20)
sorbitan mono-oleate (Polysorbate® 80; Tween 80) as well as sodium lauryl sulphate, so
that a solids content of ca. 21% is obtained. Loading the extrusion pellets with said layer

ensures that there is no release of active agent in the stomach.

¢ A dose of the thus developed extrusion pellets can be filled into hard gelatin capsules. The
qualitative and quantitative composition of a capsule with a dose of 9 mg of budesonide is
summarized in Table 2. Here, the solvents used are not part of the composition, since they

are dried out as volatile components during the process.

¢ The formulation has been developed with the aim that the matrix of the pellets swells by
the penetrated digestive liquid after having reached the small intestine and dissolved the

polymers of the outermost layer. In this way, there should take place a gradual erosion of
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the particles during the passage of the intestine segments and thus, result in a continuous

active agent release.

The in vivo release profile of the extrusion pellets is given in Example 4. The required criteria

for a targeted topic application in the colon are not met by the extrusion pellets. That is, said

approach of development does not lead to the desired “colon targeting”.

Table 2:
(negative example)

Composition of the budesonide extrusion pellets-containing capsule

NO/EP3840734

Composition [mg]

Component Function Amount per
Capsule
1. Active agent granule
budesonide medicinally effective 9.00 mg
component
polyvinyl acetate (Kollicoat SR 30D) retard polymer, matrix 52.50 mg
former
lactose monohydrate binder 28.50 mg
carrageenan (Gelcarine GP911 NF) matrix former, extrusion 240.00 mg
aid
calcium chloride gel and matrix former 20.00 mg
sum: 350.00 mg
2. Enteric pellets
Eudragite® FS 30 D enteric juice-soluble 48.00 mg
polymer
Eudragite® L 30 D 55 enteric juice-soluble 12.00 mg
polymer
triethyl citrate (Citrofol AL) plasticizer 2.80 mg
glycerol monostearate anti-sticking agent 3.10 mg
polyoxyethylene(20) sorbitan mono-oleate wetting agent 1.10 mg
(Polysorbate® 80; Tween 80)
sum: 417.00 mg
3. Hard gelatin capsule
gelatin with titania capsule shell 97.00 mg
total: 514.00 mg

Dissolution of the formulation according to the invention is schematically illustrated in

Figure 3.
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In contrast to the negative comparative example the multilayer pellets according to the
invention showed completely different blood levels. Here, after having dissolved the enteric
film the already-described complex release mechanism is triggered. The plasma levels of
budesonide do not flood, but show a modified, delayed and prolonged course over several

hours.

The results of the pharmacokinetics study confirm the in vitro results in Example 1 and
impressively demonstrate that the active agent is released over the entire passage time of
the large intestine from the multilayer pellets and thus, arrives at sites where it can develop

its effect on the mucosa of the colon.

In an open, monocentric, randomized pharmacokinetics study the multilayer pellets
according to the invention were compared to Budenofalk 3 mg hard capsules from the prior
art. The average plasma concentrations of the active agent were measured after oral single
administration of a dose of 9 mg over time, wherein the bioavailability of budesonide is
known from the reference formulation. Example 3 shows the results of the comparative

pharmacokinetics study.

As can be seen from the plasma levels in Example 3 the formulation described in the prior
art is not suitable to specifically transport budesonide into the colon. The blood level of
budesonide increases fast and strongly. Said course is undesired for colon targeting, since
the active agent does not arrive at the site of action in a sufficient concentration, but is
already resorbed in advance to a large extent in the upper small intestine segments and
thus, is no longer available for a local or topic efficacy, respectively in the large intestine.
Said in vivo behavior can be explained with the composition of the formulation. The
Budenofalk 3 mg hard capsules described in the prior art only contain enterically coated
budesonide pellets. After stomach passage said coat dissolves with a certain delay time and
then, the active agent is immediately and completely released. In this way, the colon is not
reached. The results of a clinical study, in which said formulation described in the prior art
has been tested, also show that Budenofalk 3 mg hard capsules (described in

WO 95/08323) are not suitable for the treatment of ulcerative colitis. An efficacy in the

NO/EP3840734
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treatment of patients having a light to moderate ulcerative colitis that can at least be

compared to a mesalazine therapy could not be shown (Gross et al., 2011).

Also, efficacy and tolerance of the new multilayer pellets was investigated in an open, clinical
study. As described in Example 5 the results impressively prove the clinical efficacy of the
pellets. The results demonstrate that the pellets according to the invention bring the active
agent to the desired target site and patients who have fallen sick with an ulcerative colitis
and could not sufficiently be treated with mesalazine (mesalazine-refractory) can

successfully be treated.

In contrast to the multilayer pellets the course of the blood level of the extrusion pellets
(negative example) obtained in the pharmacokinetics study in Example 4 equals more the
prior art than the desired target profile of a formulation releasing in the colon. The
budesonide levels even flood even faster than with the reference formulation and also
correspondingly fall back faster, so that the active agent release is completed before the
colon is reached and obviously, no noteworthy amounts of budesonide reach the large
intestine.

Essential aspects of the present invention are shown and explained in the attached figures:

Figure 1 represents a schematic illustration of the digestive tract.

Figure 2 schematically shows the structure of the pellets according to the invention for the

retarded release of the active agent.

In Figure 3 there is represented the mode of action of the pellets according to the invention

depending on the respective region in the digestive tract.

Figure 4 shows the in vitro release profiles of various pellets, wherein active agent pellets,
swelling layer pellets, retard layer pellets, and enteric pellets are compared to each other in
view of the release, wherein the formulation according to the invention is designated as
enteric pellets. The conditions are explained in detail in Example 1. SGF means artificial

gastric juice; SIF means artificial enteric juice.

NO/EP3840734
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Figure 5 shows the in vitro release profile of pellets according to the invention with and
without swelling layer. The conditions of the trial are explained in detail in Example 2.
Figure 5 proves that a retard layer without an underlying swelling layer does not allow a

release of the active agent.

Figure 6 shows the in vivo release characteristics obtained in open, randomized
pharmacokinetics studies. Here, these are in vivo data, what explains possible differences

to in vitro data.

Figure 7 proves that by means of the formulations according to the invention indeed the
entire colon can effectively be treated. In Example 6, efficacy and tolerance of the
budesonide pellets according to the invention have been investigated, wherein Figure 7
shows the proportion of the patients with clinical remission depending on the localization of

the respective disease.

Figure 8 shows the efficacy of the formulations according to the invention, as measured on
the number of the haemorrhagic feces per week. Figure 8 proves that the number of the
haemorrhagic feces per week could effectively be decreased in the course of the treatment

time.

Various in vivo pharmacokinetics profiles have been measured using the above-described

materials and methods. The following examples illustrate the invention.

Example 1: In vitro release trials of the budesonide multilayer pellets (formulation

according to the invention)

To show the effect as well as the impact of the individual layers on the active agent release
the in vitro trials have been performed with active agent pellets, swelling layer pellets, retard
layer pellets, and enteric pellets from one batch. Here, the test was carried out with an
amount of pellets that corresponds to a dose of budesonide of 9 mg. The outer hard gelatin
capsule has no influence on the active agent release of the pellets and thus, was omitted in

said trials.

NO/EP3840734
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Here, the in vitro release trials of the pellets comprised a two-stage test. In the first step the

pellets were tested in the artificial gastric juice (pH 1.2) over a period of two hours with

subsequent transfer of the test patterns into artificial enteric juice (pH 6.5) as well as a further

test of the active agent release over 7 hours. In order to ensure sedimentation conditions

both media contained 0.1% of polysorbate 80 as wetting agent. Here, the parameters of the

release test were as follows:

e Release Apparatus:

e \/olume of the release medium:

e Speed of Rotation:
e Temperature:

o Test Media:
- Artificial Gastric Juice (SGF):
- Artificial Enteric Juice (SIF):

e Batch of the Test Patterns:
e Number of Test Patterns:
e Sample Pick:

- Active Agent Pellets:

- Swelling Layer Pellets:

- Retard Layer Pellets:

- Enteric Pellets:

apparatus 2 of the European Pharmacopoeia
described in chapter 2.9.3 (stirrer blade method)
900 ml artificial gastric juice (SGF)

900 ml artificial enteric juice (SIF)

75 revolutions per minute

37.0°C £ 0.5°C

0.1 N HCI with 0.1% polysorbate 80. pH 1.2
phosphate buffer (KH2.PO4, NaCl, NaOH) with 0.1%
polysorbate, pH 6.5

180013457

N=6

5,10, 15, 30, 45, 60, and 120 minutes in the artificial
gastric juice

5,10, 15, 30, 45, 60, and 120 minutes in the artificial
gastric juice as well as

15, 30, 45, 60, 90, and 180 minutes in the artificial
enteric juice

15, 30, 45, 60, 90, and 120 minutes in the artificial
gastric juice

30, 90, 150, 210, 270, 330, 390, and 420 minutes in
the artificial enteric juice

15, 30, 45, 60, 90, and 120 minutes in the artificial

gastric juice

NO/EP3840734
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30, 90, 150, 210, 270, 330, 390, and 420 minutes in
the artificial enteric juice
¢ Determination of Content of
Budesonide: HPLC/UV (A = 255 nm)

Figure 4 shows the in vitro release profiles of the single pellets. The active agent pellets
(without a coating) already completely release in the gastric juice. After 5 minutes more than
85% of the budesonide are dissolved. The swelling layer pellets show a small release within
the two-hour test in the gastric juice (<56%) and after transfer in enteric juice medium
completely release within 15 minutes (>85%). Said behavior reflects the physical-chemical
properties of the polyacrylic acid (carbomer) used that is either insoluble, swellable, or
soluble due to its pKa value of ca. 6 depending on the pH value of the medium. Under the
conditions of artificial gastric juice (pH 1.2) the highly molecular polymer of the acrylic acid
is present protonated and is insoluble. The swelling layer remains on the pellets. After
transfer into the enteric juice buffer, the pH value increases into the range of the pKa value
and results in a partial deprotonation of the carboxylic acids. That's why water molecules
can be incorporated into the narrow polymer skeleton, which results in the build-up of a gel
skeleton and thus, to swelling. However, without the retard layer said effect of the swelling

layer does not apply and budesonide is rapidly released.

Only after having applied the retard layer onto the swelling layer pellets the above-described
effect can fully develop within the pellets (see figure 4: release profile of the retard layer
pellets). The release profile of the retard layer pellets in the enteric juice significantly
changes and turns into the desired sigma shape associated with a retarded release of
budesonide. After ca. 120 minutes in the gastric juice there is achieved the complete active
agent release from such retard layer pellets in the enteric juice after further ca. 150 minutes.

Early release in the gastric juice therefore does not occur.

But only the final formulation with an additional enteric coating finally shows the release
profile of the formulation according to the invention that is desired for colon targeting. The
release of budesonide starts ca. 90 minutes after stomach passage. Early release therefore
does not occur. After this time the pellets have passed the small intestine and reached the

colon. Subsequently, the active agent is continuously released with a sigmoidal kinetics over

NO/EP3840734
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at least seven hours. In summary, release of the formulation according to the invention in

said in vitro system is based on the following criteria:

e SGF (“simulated gastric liquor” corresponding to artificial gastric juice), pH 1.2:
after 2 hours: no release = gastric juice resistance

¢ SIF (“simulated enteric liquor” corresponding to artificial enteric juice), pH 6.5:
after 270 min.: 10-30% release
after 330 minutes: 40-70% release
after 540 minutes: ¢80% release

The results of the content determination of the active agent, swelling layer, retard layer and
enteric pellets with HPLC/UV prove that the pellets tested in the individual in vitro release
investigations were loaded with the required amount of budesonide of 9 mg (corresponding

to the content of one capsule).

e active agent pellets: 100.0%
o swelling layer pellets: 101.9%
e retard layer pellets: 101.6%
e enteric pellets: 100.3%

Example 2: In vitro release trials of budesonide retard layer pellets with and without a

swelling layer

In order to show the interaction of swelling layer and retard layer in the active agent release
of the application according to the invention budesonide retard layer pellets with and without

a swelling layer were prepared in accordance with the following composition:

NO/EP3840734



22

NO/EP3840734

Composition [mg]

Component Amount per Dose of 9 mg Budesonide
Batch R020 Batch R029

1. Active agent pellets

budesonide 9.00 mg 9.00 mg

lactose monohydrate 36.00 mg 36.00 mg

polyvinyl pyrrolidone (Kollidon K25) 2.70 mg 2.70 mg

polyoxyethylene(20) sorbitan 0.71 mg 0.71mg

mono-oleate (Polysorbate 80.

Tween 80)

talcum 16.50 mg 16.50 mg

sugar-starch pellets 260.00 mg 260.00 mg
sum: 324.91 mg 324.91 mg

2. Swelling layer pellets

carbomer - 24.00 mg

polyvinyl pyrrolidone (Kollidon K25) - 18.00 mg

talcum - 18.00 mg
sum: 324.91 mg 384.91 mg

3. Retard layer pellets

Eudragit®? RS 12,5 10.50 mg 10.50 mg

Eudragit® RL 12,5 4.50 mg 4.50 mg

triethyl citrate 1.50 mg 1.50 mg

talcum 12.0 mg 12.0 mg
sum: 353.41 mg 413.41 mg

In view of the composition of the active agent and swelling layer batch R029 corresponds to
the application according to the invention. However, compared to the application according
to the invention coating of the retard layer intentionally was increased by a factor of 1.7. With
said test batch it should be shown that the interaction or interplay, respectively of both layers
in the context of the active agent release also works under extreme conditions and thus, a
robust effect of the swelling layer exists. Batch R020 contained no swelling layer and served
as a control batch. Except for said difference, control and test batch were composed

identically. The pellets of both batches have not been coated with an enteric film. The

parameters of the release test were as follows:
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¢ Release Apparatus: apparatus 2 of the European Pharmacopoeia

described in chapter 2.9.3 (stirrer blade method)

e Volume of the release medium: 900 ml of artificial enteric juice (i.e. no test on gastric

juice resistance was performed)
e Speed of rotation: 75 revolutions per minute
e Temperature: 37.0°C £0.5°C

e Test medium:
- Artificial enteric juice (SGF): phosphate buffer (KH2PO4, NaCl, NaOH) with 0.1%
of polysorbate, pH 6.5

e Batches:
- Test batch: R029
- Control batch: R020
e Number of test patterns: N=2

e Sample pick and content
determination: continuous with UV-on-line measurement
(A =255 nm)

Figure 5 shows the in vitro release profiles of the test and control batches. The effect of the
swelling layer is impressive and completely surprising. While no budesonide was released
from the control batch over hours at all, the release profile of the test batch corresponds to
the profile of the application according to the invention. Thus, only the simultaneous
presence of the swelling and retard layers allows the desired retarded release of budesonide
from the pellets. The retard layer alone in this regard is not functional. Thus, only the
combination of the swelling and retard layers described for the application according to the
invention is able to bring budesonide to its site of action, so that both layers together have

to be considered as the active agent release controlling components of the formulation.

Example 3: In vivo pharmacokinetics profiles of the budesonide multilayer pellets-
containing capsule (formulation according to the invention) and of the

budesonide capsule in the prior art/reference

In an open, randomized phase | study on the pharmacokinetics of the formulation according

to the invention a single dose of the formulation according to the invention (BUX-PVII; 9mg
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of budesonide) and of the budesonide capsule in the prior art (3x3mg of budesonide as a
single administration in the form of the reference pellets) were administered to 12 healthy
male probands in fasting condition each. Essential pharmaco-kinetic parameters are

illustrated in the following table 3.

Table 3:
Treatment with pellets according to Treatment with reference pellets
the invention (BUX-PVII) (3x3mg of budesonide)
Chax (ng/mL) tmax(h) Crax (ng/mL) tmax(h)
N 12 12 12 12
Mean (SD) 0.928 (0.755) 7.75 (3.71) 4.60 (4.85) 5.26 (0.81)
Min 0.193 2.00 1.04 4.50
Max 2.62 13.00 16.1 6.50

In table 3 N = number of probands; Mean (SD) means average value/standard deviation;
Min = minimum value; Max = maximum value. In table 3, for Cmax and tmax the respective
mean of the maximum budesonide plasma levels of the single patients are illustrated

independent of the measuring time.

The results of the in vivo pharmacokinetics study are graphically represented in figure 6.
Compared to the values in table 3, in figure 6 the single values have been measured for the
respective time point and the related mean has been calculated. Hence, the values of table 3

differ from the values of figure 6.

Example 4: In vivo pharmacokinetics profiles of the budesonide extrusion pellets-

containing capsule (negative example)

In an open, randomized phase | study on the pharmacokinetics of budesonide extrusion
pellets a single dose of the budesonide extrusion pellets (9mg in a gelatin capsule) as a
single administration was administered to 16 healthy male probands in fasting condition
each. Essential pharmaco-kinetic parameters are illustrated in the following table 4. Also, in
table 4 the respective means of the maximum budesonide plasma levels of the individual

patients are illustrated independent of the measuring time for Crax and tmax.
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Table 4:
Treatment with budesonide
extrusion pellets (BUX-E)
Crax (ng/mL) tmax(h)
N 16 16

Mean (SD) 2.478 (0.9683) 3.97 (1.407)

Min 0.913 2.00

Max 3.95 7.00

Tables 3 and 4 confirm that the desired late release could only be achieved with the pellets
according to the invention (tmax = 7.75), whereas in the prior art tmax = 5.26 and with the

extrusion pellets tmax = 3.97 was observed.

Example 5:

The results of this example are graphically illustrated in figure 6. Figure 6 shows the
budesonide plasma levels over time from the open, monocentric, randomized
pharmacokinetics studies. lllustrated are the respective means of the budesonide plasma
levels of all patients at the respective time of measurement. On the other hand, it is not
relevant with the values of tables 3 and 4, respectively, when the respective patient showed
the corresponding Cmax and tmax value, respectively. In addition to the formulation according
to the invention further prototypes of budesonide-containing drug formulations have been
tested. The formulation designated BUX-PVII schematically illustrated in figure 2 allows an
optimum colon targeting. The in vivo release profile to be achieved shall release the active
agent — uniformly over a prolonged period with at the same time low serum plasma levels —
after a delay phase. The mean plasma concentrations for budesonide after a single
administration have been measured over time. In figure 6 there are plotted the results for
two reference formulations (BUX-E and Reference) and for the formulation according to the
invention (BUX-PVII).

Only the formulation according to the invention shows the desired release profile: a
significant delay of the start of the release (ca. 3 hrs), plateau-like budesonide plasma levels
over a prolonged period (over ca. 8 hrs), and in comparison, significantly lower budesonide

plasma levels.
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In this study, the profiles of the plasma concentrations over time for the drug formulation
according to the invention were more homogeneous with less scattering between the

individual participants of the clinical study.

Example 6:

In an open clinical study over 8 weeks efficacy and tolerance of a prototype of the new oral
9 mg budesonide formulation which was taken daily 1x have been investigated. The aim of
the study was to achieve a clinical remission, defined via an activity score of the disease of
<4 (Colitis Activity Index, CAl), and via the CAIl sub-scores 1 and 2 of 0 each. CAI sub-
score 1 with a value of 0 describes a fecal frequency of less than 18 per week and CAIl sub-
score 2 with a value of 0 describes that no or at most 1 feces per week is allowed to be
haematic. In this study, patients having an active ulcerative colitis were treated who could
not successfully be treated with a mesalazine-containing preparation as a standard therapy.
This pre-treatment had to be terminated before the start of the clinical study before the first

intake of the study medication.

61 patients in total have been treated, 52 of whom have completed the study according to
the protocol. The proportion of patients who achieved the aim of the study, the primary end
point, is illustrated in table 3. In the so-called FAS group all the patients are summarized
who have been treated with the test preparation at least 1x. In the so-called PP group those
patients who have completed the study according to the protocol. In both analysis groups
remission rates in this mesalazine-refractory study population of about 50% could be

achieved.

Table 5: Analysis of the primary end point

Analysis
Group Number (%) of patients in clinical remission type 1 at the
end of the study
Total Clopper-Pearson 95%
N n % Cr'
FAS 61 29 475 [34.60%, 60.73%)]
PP 52 28 53.8 [39.47%, 67.77%]

1Cl, Confidence Interval

(Full Analysis Set, FAS: Per Protocol Set, PP)
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It could be shown in this study that the formulation according to the invention indeed
effectively acts over the entire colon (figure 7). Consistent efficacy measured over the
clinical remission rates does not show significant difference in the different segments of the
colon. Also, the number of feces per week and number of haemorrhagic feces per week
could effectively be decreased (figure 8). The formulation according to the invention could
effectively and safe be used in this study. Safety of the application is confirmed by the
measurement of morning cortisol. The measured average values remained within the normal

range of 6.2 - 18 ug/dl.
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Patentkrav

1. Pellet for forsinket frisetting av virkestoffet spesielt i den distale tykktarmen,
med et belegg i flere lag, hvor pelleten har fglgende komponenter:

a) en starter-pellet som bestar kun av et inert materiale og ikke har noe
farmasgytisk aktivt virkestoff inne i starter-pelleten,

b) et virkestofflag som er pafgrt direkte pa starter-pelleten a) og inneholder
filmdannende hjelpestoffer i tillegg til virkestoffet,

c) et hevelseslag som er pafgrt direkte pa virkestofflaget b) og inneholder
hevematerialer som sveller ved kontakt med tarmvaeske,

d) et retardlag som ikke lgses opp ved kontakt med tarmvaesken, men som blir
permeabelt for vaesker og er pafgrt direkte pa c),

e) et ytre lag som ikke Igses opp ved en pH-verdi <5,5, men som Igses godt opp
ved en pH-verdi som er stgrre enn 6,0, og er direkte pafert d),

hvor virkestoffet er budesonid eller et farmasgytisk akseptabelt salt derav.

2. Pellet ifglge krav 1, karakterisert ved at starter-pelleten (a) har en
gjennomsnittlig diameter fra 0,2 til 2,0 mm, hvor minst 90 % der av partiklene
ligger innenfor det oppgitte stgrrelsesomradet, og hvor starter-pelletene har en

kuleform med en regelmessig overflatebeskaffenhet.

3. Pellet ifglge krav 2, hvor minst 95 % av partiklene har en stgrrelsesfordeling

som ligger innenfor omradet mellom 0,2 og 2,0 mm.

4, Pellet ifglge et av kravene 1-3, karakterisert ved at virkestofflaget (b) ved
siden av virkestoffet budesonid inneholder et fyllstoff, et bindemiddel og et

fuktemiddel samt et slippmiddel.

5. Pellet ifglge et av kravene 1-4, karakterisert ved at virkestoffet er
mikronisert budesonid, der 100 % av de enkelte partiklene er mindre enn 10 um

og minst 95 % er mindre enn 5 pm.
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6. Pellet ifglge et av kravene 1-5, karakterisert ved at hevelseslaget (c)
inneholder homopolymer polyakrylsyre av typen A, et bindemiddel og et

slippmiddel som hevemiddel.

7. Pellet ifglge et av kravene 1-6, karakterisert ved at retardlaget (d) er en
kombinasjon av ammoniummetakrylat-kopolymer (type A) og

ammoniummetakrylat-kopolymer (type B).

8. Pellet ifglge et av de foregdende kravene, karakterisert ved at det ytre
belegget (e) som ikke Igses opp ved en pH-verdi under 6,0, er en
poly(met)akrylsyre/poly(met)akrylat-kopolymerisat med et forhold mellom
poly(met)akrylsyre og polymetylmetakrylat pa 1:1.

9. Pellet ifglge et av kravene 1 til 8, karakterisert ved at ved en in vitro-
frisetting i kunstig magesaft med en pH-verdi pd 1,2 i inntil 2 timer, foregdr det i
det vesentlige ikke noen frisetting av budesonid, og at i kunstig tarmsaft ved en
pH pa 6,5, blir etter 270 minutter 10 til 30 %, etter 330 minutter 40 til 70 % og
etter 540 minutter mer enn 80 % av virkestoffet budesonid frisatt.

10. Pellet ifglge et av kravene 1-9, karakterisert ved at det in vivo ifglge
testbetingelsene til farmakokinetikkstudien frisettes mindre enn 30% av

virkestoffet i Igpet av fire timer.

11. Pellet ifglge et av kravene 1-10, karakterisert ved at det in vivo ifglge
testbetingelsene i farmakokinetikkstudien oppnas den maksimale

plasmakonsentrasjonen gjennomsnittlig farst etter tidligst 7,0 til 7,5 timer.

12. Kapsel som er fort Igselig i magen, karakterisert ved at den inneholder en
flerhet pellets ifglge kravene 1-11.

13. Kapsel ifglge krav 12, karakterisert ved at det dreier seg om en

gelatinkapsel som Igser seg opp lett i magen.
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14. Kapsel ifglge krav 13, karakterisert ved at pelletene inneholdt deri,

inneholder 3 mg til 9 mg budesonid.

15. Porsjonspose, karakterisert ved at den inneholder s3 mange pellets ifglge

kravene 1 til 12 at mellom 3 mg og 9 mg budesonid er inneholdt i en porsjonspose.
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