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DRUG DELIVERY SYSTEM COMPRISING AN ANTI-INFLAMMATORY AGENT OR A
SALT THEREOF FOR THE APPLICATION TO ESOPHAGEAL MUCOUS MEMBRANES

FIELD OF THE INVENTION

The present invention relates to a drug delivery system comprising an anti-inflammatory agent
or a salt thereof, in particular for the application to esophageal mucous membranes and for
treating esophageal diseases, in particular eosinophilic esophagitis and/or esophageal
stricture.

BACKGROUND ART

Diseases of the esophagus include, for example eosinophilic esophagitis. Eosinophilic
esophagitis is a chronic, immune-mediated inflammatory disease of the esophagus. Current
treatment options of eosinophilic esophagitis involve corticosteroids. Steroids are typically
administered orally as viscous suspension, as effervescent tablet or as aerosol spray.
However, there is high number of patients with limited or no response to currently marketed
formulations of steroids. Moreover, after cessation of treatment with steroids, the relapse rate

is high requiring a long-term treatment to maintain remission.

Janus kinase (JAK) inhibitors are compounds which inhibit the activity of one or more of the
JAK family of enzymes (JAK1, JAK2, JAK3, TYK2), thereby interfering with the JAK-STAT
signaling pathway. They are used in the treatment of neoplasia and of immune-mediated
inflammations, e.g., inflammatory bowel disease or rheumatoid arthritis. Tofacitinib (Xeljanz®),
a JAK1 and JAK3 inhibitor, is approved for the systemic treatment of rheumatoid arthritis and
severe atopic dermatitis. Topically administered JAK inhibitors are currently under
development for atopic dermatitis. Tofacitinib was also shown to significantly improve the
appearance of the esophagus as well as the least number of eosinophils found in esophageal
biopsies after 3 months of treatment of a 34-year-old man with long-term diagnosis of
eosinophilic esophagitis (Alvarez et al., 2019, “Treatment-resistant eosinophilic oesophagitis
successfully managed with tofacitinib”, BMJ Case Rep. 12: €232558.doi:10.1136/bcr-2019-
232558). Furter, AS1517499, leflunomide and ruxolitinib, which are JAK-STAT6 pathway

inhibitors, have been described to block eotaxin-3 secretion by epithelial cells and fibroblasts
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from eosinophilic esophagitis patients (Cheng et al., 2016, “JAK-STAT6 Pathway Inhibitors
Block Eotoaxin-3 Secretion by Epithelial Cells and Fibroblasts from Esophageal Eosinophilia
Patients: Promising Agents to Improve Inflammation and Prevent Fibrosis in EoE”, PLOS ONE
11(6):e0157376.doi:101371/journal.pone.0157376). However, topical and local administration

of JAK inhibitors to the esophagus has not been reported.

Calcineurin inhibitors are compounds which inhibit calcineurin, an enzyme that activates T-
cells. Due to the key role of T-cells in cell-mediated immunity, calcineurin inhibitors suppress
cell-mediated immune responses. Calcineurin inhibitors are administered systemically for the
treatment of immune-mediated diseases and for prevention of post-transplant organ rejection.
Further, a basic science study describes rapamycin induced autophagy of esophageal
epithelial cells via mTORC-signaling in eosinophilic esophagitis (Whelan et al., 2018,
“Rapamycin-mediated autophagy activation ameliorates eosinophilic esophagitis-associated
alterations in epithelial tissue architecture”, Gastroenterology. 154(6): S-108). However, topical

and local administration of calcineurin inhibitors to the esophagus has not been reported.

Systemically administered purine analogues are established in the treatment of chronic-
inflammatory bowel diseases, in particular ulcerative colitis, and Crohn’s disease since
decades. In a small case series, the two purine analogues azathioprine (AZA) and 6-
mercaptopurine (6-MP), systemically administered, have shown to be efficient in the treatment
of refractory eosinophilic esophagitis (Netzer et al., 2007, “Corticosteroid-dependent
Eosinophilic Oesophagitis: Azathioprine and 6- Mercaptopurine can induce and maintain long-
term remission.”, Europ. J. Gastroent. Hepatol. 19: 865-869). However, topical, and local

administration of purine analogues to the esophagus has not been reported.

Drug delivery to gastrointestinal and, in particular to esophageal, membranes is usually carried
out via endoscopy guided sub-membranous application. Topical application of active
ingredients involve drug coated esophageal stents or oral viscous drugs. Drugs which are
currently under investigation involve oro-dispersible or oro-disintegrating tablets, aerosols, or

gel-like drugs with higher viscosity to increase contact time.

However, topical application of active ingredients to gastrointestinal and, in particular,
esophageal, membranes have some challenges. For instance, it is very difficult to locally apply
high doses of a drug over a period sufficient to achieve therapeutically effective local

concentrations. Possible causes of too low concentrations at the site to be treated include
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degeneration or deactivation of the drug by digestive secretions and enzymes, dilution effects
by intestinal fluids, poor absorption, prodrugs requiring activation not available at site to be
treated, and a residence time at the site of action that is too short for allowing onset of drug
action effectively. Short residence times and/or too low local concentrations at the site of action
are particularly a problem when using liquid or gel-like drug delivery systems. Therefore, high
doses must be administered to achieve sufficient concentrations at the site to be treated.
Higher administered doses of an active ingredient are usually associated with increased side
effects by intestinal absorption and higher bioavailability; hence the dose of active ingredients

should be kept as low as possible.

There is still a need for an appropriate drug delivery system, particular delivery to the
esophagus, that can deliver an anti-inflammatory agent or a salt thereof for effective treatment

while allowing administration of the lowest possible doses to reduce side effects.
OBJECT OF THE INVENTION

It is an object of the invention to provide a drug delivery system that enables oral/topical
administration of an anti-inflammatory agent or a salt thereof used for treating diseases of the

esophagus with increased local efficacy.

It is a further object of the invention to provide a delivery system that allows the application of
an anti-inflammatory agent or a salt thereof at a comparable low dose, thereby minimizing

potential side effects.

The objects of the invention are achieved by the subject-matters of the independent claims.

Preferred embodiments are subject of the dependent claims.
SUBJECT MATTER CLAIMED

In a first aspect, the invention provides a drug delivery system for the application to an

esophageal mucous membrane, comprising

at least one sheet like, in particular film shaped, foil shaped or wafer shaped preparation

comprising an active pharmaceutical ingredient;

a release mechanism; and
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a trigger mechanism, wherein

the trigger mechanism is adapted to trigger, at a predetermined site of action, the
release of the preparation by the release mechanism, and wherein the release mechanism is

adapted to release said preparation while moving along the esophageal mucous membrane,

wherein the drug delivery system further comprises a shell, wherein the shell contains
the preparation, and wherein the shell comprises an aperture as part of the release mechanism
configured to allow said preparation to leave the shell, and wherein the trigger mechanism is
a holding device that is a part of or is attached to the preparation, such that the preparation is
unrolled or unfolded while the dosage form moves down the esophageal mucous membrane

and leaves the shell through the aperture,

characterized in that the active pharmaceutical ingredient comprises an anti-
inflammatory agent or a salt thereof and preferably one or more additional active

pharmaceutical ingredient(s).

In one embodiment, the anti-inflammatory agent reduces or blocks inflammation, preferably in

the esophageal epithelium and/or fibrosis, preferably in the esophageal subepithelium.

In one embodiment, the anti-inflammatory agent comprises an immunosuppressant, preferably
selected from the group consisting of a tyrosine kinase inhibitor, a calcineurin inhibitor and a

purine analogue, preferably a thiopurine analogue.

In one embodiment, the tyrosine kinase inhibitor is a Janus kinase (JAK) inhibitor selected from
the group consisting of upadacitinib (ABT-494), baricitinib, brepocitinib, abrocitinib (PF-
04965842), ifidancitinib (ATI-502), tofacitinib, ruxolitinib, delgocitinib (JTE-052), cerdulatinib,
gusacitinib (ASN002), and izencitinib (TD-1473), preferably tofacitinib.

In one embodiment, the calcineurin inhibitor is selected from the group consisting of sirolimus

(rapamycin), tacrolimus (FK-508), pimecrolimus, and cyclosporin A.
In one embodiment, the purine analogue is azathioprine (AZA) or 6-mercaptopurine (6-MP).

In one embodiment, the salt of the anti-inflammatory agent is selected from a citrate,

phosphate, and borate, preferably a citrate.
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In one embodiment, the salt of the anti-inflammatory agent is a salt of a JAK inhibitor,

preferably a salt of tofacitinib, more preferably tofacitinib citrate.

In one embodiment, the sheet like, in particular film shaped, foil shaped or wafer shaped
preparation comprising the active pharmaceutical ingredient comprises polyvinyl alcohol
(PVA).

In one embodiment, the sheet like, in particular film shaped, foil shaped or wafer shaped
preparation comprising the active pharmaceutical ingredient comprises a plasticizer,

preferably glycerol.

In one embodiment, the one or more additional active pharmaceutical ingredient is a steroid,
preferably a steroid selected from the group consisting of budesonide, fluticasone, and

mometasone.

In a second aspect, the invention provides a drug delivery system according to any of the
preceding claims for use in therapy; or for use in the treatment or prevention of an esophageal
disease, preferably a refractory esophageal disease; or for use in the treatment or prevention
of an esophageal disease, which is caused or related to a defect in the immune system, such
as an inflammatory disease, fibrosis, or an allergy, preferably an allergy caused or related to
environmental allergens and/or food allergens; or for use in the treatment or prevention of
eosinophilic esophagitis, preferably refractory eosinophilic esophagitis, and/or esophageal

stricure.
DETAILED DESCRIPTION

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure

belongs.

It is noteworthy that the use of the undefined article “a” or “an” means “one or more”. Thus, for
example, the term “an esophageal disease” includes the incorporation of “one” and “more than

one” esophageal disease(s).

The term “comprising” or “comprises” as used herein means “including, but not limited to”. The
term is intended to be open-ended, to specify the presence of any stated features, elements,

integers, steps, or components, but not to preclude the presence of addition of one or more
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other features, elements, integers, steps, components, or groups thereof. The term
“comprising” or “comprises” thus includes the more restrictive terms “consisting of’ and
“consisting essentially of’. In one embodiment, the term “comprising” or comprises” as used
throughout the application and in particular within the claims may be replaced by the term

“consisting of”.

A drug delivery system comprising a pharmaceutical preparation, however with different active
pharmaceutical ingredients and its application is described in PCT/EP2015/002601, which is
incorporated by reference herein in full, in particular regarding the embodiment according to
Figs. 8a, 8b, 8c of PCT/EP2015/002601. Stated differently, the size, shape and composition
of the shell, the aperture, the release and trigger mechanism and the holding device are at

least to a significant extent already described in said reference.

The drug delivery system as described in the PCT/EP2015/002601 is designed such that it
comprises at least one sheet like, in particular film shaped, foil shaped or wafer shaped
preparation comprising an active pharmaceutical ingredient, a release mechanism, and a
trigger mechanism, wherein the trigger mechanism is adapted to trigger, at a predetermined
site of action, in particular of the gastrointestinal tract the release of the sheet like preparation
by the release mechanism. From the embodiment according to Figs. 8a, 8b, 8c of
PCT/EP2015/002601, the dosage form is known to have an elongated, strip-shaped
preparation, which comprises the active pharmaceutical ingredient. The preparation is capable
to be arranged in a compact condition and in an expanded condition. The dosage form has a
capsule device, e.g., a shell, comprising a hollow space for accommodating the compacted
preparation, the capsule device has an aperture, and a first end of the preparation extends, in
the compact condition, through the aperture such that the preparation can be pulled out of the
hollow space into the surrounding area of the capsule thereby transferring the preparation from

the compact condition to the expanded condition.

The drug delivery system according to the present invention is orally administered and
improves the local availability of the anti-inflammatory agent or a salt thereof contained in the
preparation. This contrasts with conventional orally administration systems, such as tablets or
capsules, which are delivered via gastro-intestinal absorption into the blood circulation only to

the site/location to be treated.
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The local availability is improved, because the anti-inflammatory agent or a salt thereof is
provided in a sheet-like, in particular film-shaped, foil-shaped, wafer-shaped, or strip shaped
preparation. This advantageously allows releasing the sheet-like preparation (and the anti-
inflammatory agent or a salt thereof being present therein) directly onto the site/location to be
treated (treatment site), e.g., an esophageal mucous membrane. Thereby, preferably a large
area of the sheet like preparation is exposed to the mucous membrane, i.e., to the esophageal
mucous membranes. Upon exposure to the mucous membrane the sheet-like preparation
releases the anti-inflammatory agent or a salt thereof. Further, the preferably direct contact
between the mucous membrane and the preparation results in an effective action of the anti-
inflammatory agent or a salt thereof at the treatment site. Due to the direct delivery of the anti-
inflammatory agent or a salt thereof to the treatment site, less agent is required resulting in
reduced systemic bioavailability and reduced concentrations at neighbouring, e.g., healthy
areas as compared to the use of conventional preparations, such as suspensions or solutions.
Further, the direct delivery to the treatment site further allows to lower the dose of the anti-
inflammatory agent or a salt thereof contained in the preparation, thereby advantageously

further reducing side effects.

The drug delivery system according to the invention further advantageously allows a relatively
simple and discrete handling as well as a simple, particularly space-saving storage. The anti-
inflammatory agent or a salt thereof, which is comprised in the drug delivery system according
to the invention, have an improved stability, e.g., at high heat and humidity, when compared
to solutions and gels. Usually there is no free water left in the drug delivery system according
to the invention, which further improves the stability and reduces the risk of the composition
becoming e.g., moldy, or otherwise unusable. Additional additives, such as preserving agents
or other stabilizers, can be avoided, which is advantageous because it is known that such

additives can cause allergies or further side effects.

Also, the destruction of the active pharmaceutical ingredient before it reaches the
predetermined site of action, e.g., by gastric acid and/or digestive enzymes, is advantageously

minimized by a drug delivery system according to the invention.
RELEASE MECHANISM

A release mechanism relates to a mechanism which expands and releases the sheet-like

preparation from a capsule device, e.g., a shell. The shell contains the sheet-like preparation
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in a compact form. The release mechanism releases the preparation from the shell after a
trigger mechanism has initiated the release. The release of the sheet-like preparation by the
release mechanism preferably takes place by pulling the preparation at least partially out of
the shell. Therefore, the sheet like preparation is adapted, such that the sheet like preparation
is expandable to a predetermined extent by the release mechanism. For example, the shell
contains the preparation in a folded form and the release mechanism expands the preparation
from its compact, e.g., from a folded form, into its expanded, e.g., unfolded form. The release
mechanism therefore causes an unfolding of the preparation. In the compact form, the
preparation has a smaller spatial extent, e.g., the preparation is lumped together, coiled, or
winded or brought into a smaller spatial format in another way. This also allows to provide a
small dosage form, i.e., a small shell, which makes the especially oral intake of the drug
delivery system more convenient for a patient. In its expanded form, the surface area of the
sheet like preparation is increased by the expansion, e.g., by the unfolding of the sheet like
preparation, in particular the surface area of the preparation containing the anti-inflammatory
agent or a salt thereof is increased. Preferably, the surface area of the preparation, in particular
the surface area, which contains the anti-inflammatory agent or a salt thereof, and which
contacts the esophageal mucous membrane, is in the order of the surface area of esophageal
mucous membrane. The release of the preparation occurs while the shell moves down the
esophageal mucous membrane. For example, during a patient swallows the dosage form, the
preparation is released from the shell through an aperture. The shell therefore comprises an
aperture as part of the release mechanism, configured to allow the preparation to leave the

shell.
APERTURE

In this respect the aperture forms an opening in the shell, i.e., in the capsule device. In a
preferred embodiment of the drug delivery system the aperture is formed as a slit. A slit is
arranged such that the sheet-like preparation is released from the shell through the aperture.
Such a slit may be embodied in different arrangements and configurations. Such an aperture
is described in, for example, in EP21175427.0, EP21175436.1, PCT/EP2015/002601 and
PCT/EP2020/056934, which are incorporated by reference herein in full, regarding the capsule

device and the aperture.

TRIGGER MECHANISM / HOLDING DEVICE
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The drug delivery system comprises a trigger mechanism, wherein the trigger mechanism is
adapted to trigger, at a predetermined site of action, the release of the sheet like preparation
by the release mechanism, wherein the trigger mechanism is a holding device that is part of or

is attached to the preparation.

Preferably, the preparation comprises the holding device, further preferably, the preparation
comprises the holding device at one end of the preparation, which, in particular protrudes out
of the shell through the aperture. Upon fixation of the holding device, the preparation can be
withdrawn from the capsule device by a pulling movement and/or force. Fixation of the holding
device is obtained by preferably connecting the holding device to a retainer. Such a retainer
can be a string member, as for example, a cord, string, or tether. In a preferred embodiment,
the holding device is connected to one end of the preparation and to one end of the cord,

whereas the other end of the cord is secured to an applicator, e.g., to a holder of the applicator.

Preferably, the holding device is attached to the sheet like preparation. Thereby the retainer,
i.e., the string member or a part of the string member form the holding device. For example,

the one end of the cord which is connected to the preparation forms the holding device.

Alternatively, the holding device is adapted to be fixed in the oral cavity or the holding device
is adapted to be held in hand during administration of the drug delivery system, such that the
preparation is unrolled and or unfolded while the dosage form moves down the esophageal

mucous membrane and leaves the shell through the aperture.

In a preferred embodiment, a part of the string member is connected to an end portion of the
preparation, which protrudes from the aperture of the capsule device. Thereby the holding
device is formed by the protruding end portion of the preparation and the string member being
connected to it and the further part of the string member acts as a retainer, to retain the holding
device from moving while swallowing the preparation, thereby creating a pulling force which
acts onto the preparation, and which pulls the preparation out of the capsule device while the

capsule device moves down the esophagus.

It is to be understood that the terms "site of action" and "application site" as used herein are
used interchangeably. In this regard, it is also to be understood that "site of action" and "site
of application” refer to the predetermined location of release of the preparation. Moreover, an

anti-inflammatory agent or a salt thereof, which is released at the "site of action" respectively
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"application site" may exert its actual biochemical effect also at another location of the body or
at another site of a biochemical cycle, e.g., at or after metabolization by the liver or reaching
of the agent at its target molecule. "Site of action" and "application site" as used herein do not
necessarily refer to the location of the biochemical, medical effect of the active pharmaceutical

ingredient.
CAPSULE DEVICE / SHELL

The drug delivery system according to the present invention further comprises a shell, wherein
the shell contains the at least one sheet-like, in particular film-shaped, foil-shaped, or wafer-
shaped preparation comprising the anti-inflammatory agent or a salt thereof, and wherein the
shell comprises the aperture as part of the release mechanism configured to allow said
preparation to leave the shell, such that the preparation is unrolled or unfolded while the
dosage form moves down the esophageal mucous membrane and leaves the shell through
the aperture. The shell may further be prepared such that it protects the preparation against
an unwanted release. The shell is a capsule device and, in particular, has the shape of a

capsule.

In preferred embodiment, the shell comprises a first halve-capsule shell and a second halve
capsule shell, and the capsule device is formed by sliding the first halve-capsule shell into the
second halve-capsule shell to a joined position, such that the aperture is formed in the joined
position by the second halve capsule shell overlapping a cross section of an opening, which is

located in the first halve-capsule shell.

In a further embodiment, the two capsule-halves are telescoped into each other, whereas the
opening of the first halve-capsule shell is covered by a further provided overlapping wall part,

e.g., a patch or a tape, which is attached to the first and or second halve capsule shell.

In an alternative embodiment, the capsule halves are shaped like two nutshells and positioned
on top of each other to form the capsule. The aperture is formed by a cutout, particularly at the
edge of one of the two shells. Alternatively, cutouts can be formed on the edges of both halves,

which when positioned and aligned on top of each other form the aperture.

In a preferred embodiment of the drug delivery system according to the present invention the
shell is made from a material that is selected from the group comprising hard gelatin, polymers,

thermoplastics as e.g., Eudragit or the like. In this regard, in particular, materials can be
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beneficial that have been successfully tested, used and/or authorized already, e.g., for oral

dosage forms.

Such a capsule device or shell is further described, for example, in EP21175427.0,
EP21175436.1 and PCT/EP2020/056934, which are incorporated by reference herein in full,

with regard to the capsule device.

THE CONDITIONS TO BE TREATED

The drug delivery system described herein is for use in therapy. In one embodiment, it is
adapted for the treatment and prevention of esophageal diseases, preferably refractory
esophageal diseases. In one embodiment, it is adapted for the treatment and prevention of an
allergy, preferably an allergy caused or related to environmental allergens and/or food
allergens. In one embodiment, it is adapted for the treatment and prevention of an inflammatory
disease. In one embodiment, it is adapted for the treatment and prevention of a fibrosis. In one
embodiment, it is adapted for the treatment and prevention of eosinophilic esophagitis,
preferably refractory eosinophilic esophagitis. In one embodiment, it is adapted for the

treatment and prevention of esophageal stricture.

Within the subject application, the term “treatment and/or prevention” includes any way of
ameliorating a certain condition to be treated or preventing the condition to be treated to occur.
It also includes the prevention of a worsening of the condition and minimizing the severity of

the condition.

Esophageal disease may be any disease or disorder interfering with the function or structure
of the esophagus. Esophageal disease includes but is not limited to refractory esophageal
disease, e.q., after a first line treatment. For example, refractory esophageal disease relates
to esophageal disease which has been unsuccessfully or insufficiently treated, i.e., symptoms
specific for the esophageal disease persist despite treatment. Refractory esophageal disease
may also refer to relapse after treatment. Thus, in one embodiment the present invention
relates to the treatment of refractory esophageal disease, in the sense of a second line

treatment.

Preferred esophageal diseases comprise esophageal diseases, which are caused or related

to a defect in the immune system. For example, the esophageal disease may be a Thy-
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lymphozyte mediated disease or disorder involving inappropriate Thz-lymphocyte proliferation
and/or activity. For example, inappropriate proliferation and/or activity might be increased
proliferation and/or increased activity of Thz-lymphocytes. Inappropriate Tho-lymphocyte
activity might also involve an increased cytokine release or a cytokine release in response to
inappropriate stimulation. Inappropriate stimulators might be allergens, e.g., environmental

allergens in air or food.

In a preferred embodiment of the invention, the esophageal disease is eosinophilic esophagitis
including but not limited to refractory eosinophilic esophagitis. In another embodiment, the

esophageal diseases to be treated in the context of the invention is esophageal stricture.

Eosinophilic esophagitis is a chronic, immune-mediated inflammatory disease of the
esophagus. Clinically, eosinophilic esophagitis is associated with symptoms like dysphagia,
food impaction, chest pain, heartburn, and spontaneous perforation. Histologically,
eosinophilic esophagitis is characterized by an eosinophil predominant mucosal inflammation.
A major complication associated with eosinophilic esophagitis is the infiltration of eosinophils
into subepithelial layers of the esophagus leading to fibrosis. Untreated eosinophilic
esophagitis leads to esophageal remodeling with fibrosis, wall thickening, abnormal fragility,
and strictures, finally evoking a structural and functional damage of the esophagus with
complications such as acute food impaction. Treatment options involve dietary, esophageal
dilatation and medicaments such as corticosteroids or compounds to relieve reflux. Dietary
involves the successive elimination of specific food with the aim of identifying food allergens
leading to the inappropriate response of the immune system and inflammation. Dietary is
tedious and required high motivation of the patient. Although esophageal dilatation leads to a
symptom improvement in 75% of patients with fibro-stenotic eosinophilic esophagitis, dilation
does not influence the underlying inflammation and is therefore not suitable as standalone
therapy. Classic medicinal treatment of eosinophilic esophagitis involves proton-pump-
inhibitors or topically administered steroids such as budenoside, fluticasone or mometasone.
Steroids are administered topically as orally viscous suspension, as effervescent tablet as
aerosol spray. These dosage forms typically have a low contact time which may be a relevant
factor for inappropriate response and missing long-term remission. Moreover, after cessation
of treatment with steroids, the relapse rate is high requiring a long-term treatment to maintain

remission. Thus, there remains a need in the art for novel treatment options.
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The administration frequency of the drug delivery device and the treatment period or the time
point of administration is not limited and may be dependent of the specific disease to be treated
and/or the amount of the active pharmaceutical ingredient per drug delivery device. For
example, the drug delivery device can be administered once per day or twice day. If the drug
delivery device is administered once a day, it is preferably administered in the evening to
increase the patient’'s compliance. The drug delivery system of the invention is preferably
administered before bedtime, i.e., after dinner and after oral hygiene. The treatment period
may be between 7 days to 40 days, preferably 14 days to 30 days, more preferably from 20
days to 28 days. The treatment may comprise a single treatment cycle of the treatment period

or multiple cycles, e.g., 2, 3, 4, 5,6, 7, 8, 9, 10 or more treatment periods.

ACTIVE PHARMACEUTICAL INGREDIENT

The term “active pharmaceutical ingredient" as used herein is used interchangeably with the

term “active ingredient” or “API” and refers to an anti-inflammatory agent or a salt thereof.

By the term "therapeutically effective dose" or "effective amount" is meant a dose or amount
that produces the desired effect for which it is administered. The exact dose or amount will
depend on the purpose of the treatment and will be ascertainable by one skilled in the art using
known techniques. The term "therapeutically effective amount" is an amount that is effective
to ameliorate (a symptom of) a disease. A therapeutically effective amount can be a

"prophylactically effective amount" as prophylaxis can be considered therapy.

An “anti-inflammatory agent or a salt thereof’ refers to compound such as a small molecule
that reduces, prevents, blocks or interferes with an inflammatory response of the immune
system, preferably a chronic inflammatory response. For example, the anti-inflammatory agent
or a salt thereof might reduce, prevent, block or interfere with inflammation in the esophagus
mucous membrane, more preferably in the esophageal epithelium. Alternatively, or in addition,
the anti-inflammatory agent or a salt thereof might reduce, prevent, block or interfere with
fibrosis in the esophagus mucous membrane, more preferably in the esophageal
subepithelium. On a molecular functional level, the anti-inflammatory agent or a salt thereof
might reduce, prevent, block, or interfere with the proliferation and/or activity of lymphocytes
such as the release of cytokines. Alternatively, the anti-inflammatory agent or a salt thereof
might reduce, prevent, block, or interfere with the movement, e.g., the chemoattraction, of

leukocytes, such as granulocytes, preferably eosinophils, from the blood circulation to a tissue,
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preferably to the esophagus, more preferably to the esophageal mucous membrane. The anti-
inflammatory agent or a salt thereof might be present as any type of compound including but
not limited to an ionic compound such as a salt. The inventors found that the anti-inflammatory
agent or a salt thereof as described herein, is particularly stable when formulated as a salt. A

salt includes but is not limited to citrate, phosphate, and borate, preferably a citrate.

In one aspect of the invention, the anti-inflammatory agent or a salt thereof is an
immunosuppressant. The immunosuppressant may be a tyrosine kinase inhibitor, preferably a
cytosolic tyrosine kinase inhibitor such as a JAK inhibitor; a calcineurin inhibitor and a purine

analogue, preferably a thiopurine analogue.

In a preferred embodiment, the anti-inflammatory agent or a salt thereof is a tyrosine kinase

inhibitor, more preferably a JAK inhibitor.

A tyrosine kinase is an enzyme that phosphorylates substrates, i.e., it transfers a terminal
gamma-phosphate group of a nucleotide, e.g., ATP, on a hydroxy group of a substrate, e.g., a
protein. The name tyrosine kinase refers to the substrate specificity of the kinase, i.e., a
tyrosine kinase phosphorylates the hydroxy group of the amino acid tyrosine. The tyrosine

kinase inhibitor may be directed against a cytosolic tyrosine kinase, such as a JAK kinase.

As used herein, an “JAK inhibitor’ refers to a compound that reduces, blocks, inhibits or
interferes with the expression or activity of a JAK kinase. The JAK kinase family includes four
isoenzymes, JAK 1, JAK 2, JAK 3, and the tyrosine kinase 2 (TYK 2). JAK kinases associate
with the intracellular domain of cytokine receptors, cross-phosphorylate and transmit
extracellular signals by phosphorylating signal transducers and activators of transcription
(STAT). Phosphorylated STATs form dimers and translocated to the nucleus where they act
as transcription factors and modulate gene expression. Thus, a JAK inhibitor may reduce or
block with the expression and or activity of one or more of the JAK family members (JAK1,
JAK2, JAKS3, TYK?2), thereby interfering with the JAK-STAT signaling pathway.

JAK inhibitors are used in the treatment of neoplasia and of imnmune-mediated inflammations,
e.g., inflammatory bowel disease or rheumatoid arthritis. Tofacitinib (Xeljanz®), a JAK1 and
JAKS inhibitor, is approved for the systemic treatment of rheumatoid arthritis. A placebo-
controlled phase lla study using tofacitinib topically for the treatment of atopic dermatitis has

shown convincing results. Tofacitinib was also shown to significantly improve the appearance
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of the esophagus as well as the least number of eosinophils found in esophageal biopsies after
3 month of treatment of a 34-year old man with long-term diagnosis of eosinophilic esophagitis.
JAK inhibitors have also been shown to be effective in the hypereosinophilic syndrome,
bronchial asthma, and eosinophilic fasciitis. Furter, JAK-STATS6 pathway inhibitors have been
described to block Thz cytokine stimulated eotaxin-3 secretion by epithelial cells and fibroblasts
from eosinophilic esophagitis patients suggesting a potential role for JAK-STAT inhibitors in
treating both epithelial inflammation and subepithelial fibrosis. Thus, JAK inhibitors are
promising candidates for a disease-modifying remission of eosinophilic esophagitis and the
treatment of eosinophilic esophagitis, particularly as second line treatment in patients which

show a limited response to steroids.

A JAK inhibitor may be a small molecule. Further, a JAK inhibitor may reduce or block the
release of an eosinophilic chemoattractant, preferably eotaxin-3, from epithelial cells and/or

fibroblasts, preferably from esophageal epithelial cells and/or epithelial fibroblasts.

Further, a JAK inhibitor may be selective to one or more JAK kinases. For example, a JAK
inhibitor may be selective to JAK 1, such as upadacitinib or abrocitinib. Alternatively, the JAK
inhibitor may be selective for JAK 1 and JAK 2 such as baricitinib or ruxolitinib. In another
embodiment, the JAK inhibitor may be selective for JAK 1 and JAK 3, such as tofacitinib or
ifidancitinib. In yet another embodiment, the JAK inhibitor may be selective for JAK 1 and TYK
2 such as brepocitinib. The JAK inhibitor can also be a pan JAK inhibitor which is selective for
all isoenzymes, such as delgocitinib. Further, a JAK inhibitor may be dually acting to JAK
kinases as well as other tyrosine kinases. For example, a JAK inhibitor may be dually acting
to JAK kinases and tyrosine-protein kinase SYK (also known as spleen tyrosine kinase), such

as gusacitinib.

In a preferred embodiment, the JAK inhibitor is selected from the group consisting of
upadacitinib (ABT-494), baricitinib, brepocitinib, abrocitinib (PF-04965842), ifidancitinib (ATI-
502), tofacitinib, ruxolitinib, delgocitinib (JTE-052), cerdulatinib, gusacitinib (ASN002), and
izencitinib (TD-1473), more preferably tofacitinib.

In a further preferred embodiment, the anti-inflammatory agent or a salt thereof is a salt of a

JAK inhibitor, preferably of a salt of tofacitinib, more preferably tofacitinib citrate.

In a further embodiment, the anti-inflammatory agent or a salt thereof is a calcineurin inhibitor.

Calcineurin inhibitors are compounds which inhibits, reduces, blocks, or interferes with
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calcineurin, an enzyme that activates T-cells via the transcription factor nuclear factor of
activated T cells (NF-AT). Due to the key role of T-cells in cell-mediated immunity, calcineurin
inhibitors suppress the cell-mediated immune responses. Calcineurin Inhibitors are
administered systemically for the treatment of immune-mediated diseases and for prevention
of post-transplant organ rejection. Topical calcineurin inhibitors are widely used in the
treatment of immune-mediated diseases of the skin, such as atopic dermatitis, of the eyes and
of the eye-nose throat (ENT)-area since 2000. Their efficacy in these indications has been
confirmed in multiple controlled trials. The risk of systemic side effects is small. The multiple
confirmed efficacies of topical treatment of immune-mediated diseases with calcineurin
inhibitors, their excellent safety profile if used topically, and the mode of action make these

compounds promising for the topical treatment of eosinophilic esophagitis.

In one embodiment, the calcineurin inhibitor reduces or blocks the activation of a lymphocytic
transcription factor, preferably of a T-lymphocytic transcription factor, more preferably nuclear
factor of activated T-cells (NF-AT). In a preferred embodiment, the calcineurin inhibitor is
selected from the group consisting of tacrolimus (FK-506), pimecrolimus, sirolimus (rapamycin)

and cyclosporin A.

In yet a further embodiment, the anti-inflammatory agent or a salt thereof is a purine analogue.
As used herein, a purine analogue refers to a compound with structural and/or functional
similarity to a purine. A purine analogue with structural similarity to a purine may be a purine

derivate, e.g., a thiopurine.

Systemically administered purine analogues are established since decades in the treatment of
chronic-inflammatory bowel diseases, in particular ulcerative colitis and Crohn’s disease. In a
small case clinical trial, the two purine analogues azathioprine (AZA) and 6-mercaptopurine
(6-MP), systemically administered, have shown to be efficient in the treatment of refractory
eosinophilic esophagitis. Topical azathioprine has been used for the treatment of atopic
dermatitis and of chronic oral graft-versus-host disease. In a prospective single blinded study
70 younger patients with moderate or severe atopic dermatitis were treated twice daily for 8
weeks either with steroid cream alone or with a combination of steroid and azathioprine
emollient cream. The combination of steroid and azathioprine was slightly superior compared
with steroid monotherapy and was well tolerated. A single case of refractory oral graft-versus-
host disease was treated with topically and systemically administered azathioprine in form of

a suspension. The additional topical administration seemed to add some clinical benefit and
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was well tolerated. Taken together, first the observed effect of systemically administered purine
analogues in eosinophilic esophagitis and second the effect of topically administered
azathioprine in immune-mediated diseases of the skin and of the oral cavity make these
compounds, in particular azathioprine, promising for further evaluation in the topical treatment

of eosinophilic esophagitis.

In a preferred embodiment, the purine analogue is a thiopurine analogue selected from the

group consisting of azathioprine or 6-mercaptopurine.

The present invention provides a drug delivery system comprising an anti-inflammatory agent
or a salt thereof as described herein. The drug delivery system described herein may also
include one or a combination of (e.g., two or more different) anti-inflammatory agents or a salt

thereof as described herein.
ADDITIONAL ACTIVE PHARMACEUTICAL INGREDIENTS
The API within the present dosage form may be administered together with an additional API.

Additional APIs that might be present in addition to the anti-inflammatory agent or a salt thereof
are referred to herein as “additional active pharmaceutical ingredient” or “additional active
ingredient” or “additional API”. In principle, any additional pharmaceutical active agent may be
used which enhances or increases the efficacy of the anti-inflammatory agent or a salt thereof.
Such additional APIs may be selected from the skilled person based on his or her general
knowledge depending upon the condition to be treated and/or prevented. For the purpose of
the present invention, the additional pharmaceutical active agent may be a steroid, e.g., a
steroid selected from the group consisting of budesonide, fluticasone, and mometasone; or an
antibody, preferably selected from the group consisting of an anti-IL-5 antibody, preferably
beralizumab, an anti-IL-13 antibody, preferably RCP4046, and an anti-IL4/13 antibody,
preferably dupilumab.

PREPARATION

In a preferred embodiment of the drug delivery system according to the present invention the
sheet like preparation is a wafer or is formed as a wafer. The term “wafer” as uses herein,
refers to a sheet, which comprises several layers used to enclose the anti-inflammatory agent

or a salt thereof.
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Such a wafer can fit to the irregular surface contour of a predetermined site of action, in
particular of the esophageal mucous membrane, in particular after absorption of moisture
contained in the esophageal mucous membrane by the wafer. Additionally, a sheet like

preparation of a dosage form according to the invention may be gellable or swellable.

In a preferred embodiment of the drug delivery system according to the present invention the
thickness of the sheet like preparation is 0.01 mm to 2 mm, preferably 0.03 mm to 1 mm,
preferably 0.05 mm to 0.1 mm. This is beneficial to provide a sheet like preparation with a

relatively small thickness.

In a preferred embodiment of the drug delivery system according to the present invention the

sheet like preparation has an area between 0.5 and 25 cm?, preferably between 1 to 10 cm?.

The sheet like preparation may have different shapes. In particular, a sheet like preparation
can have a round, triangular, quadrangular or polygonal shape. In an embodiment, the

aperture is adapted to fit the respective shape of the preparation.

In a preferred embodiment of the drug delivery system according to the present invention the
sheet like, in particular film shaped, foil shaped, or wafer shaped, preparation, that comprises
the anti-inflammatory agent or a salt thereof, contains an anti-inflammatory agent or a salt
thereof with a drug content of 0.0001 to 50 % by weight, preferably 0.001 to 25 % by weight,
and most preferred 0,01 to 10 % by weight.

The sheet like preparation comprising the anti-inflammatory may have a single-layered or
multi-layered structure, wherein at least one (preferably first) layer contains the anti-

inflammatory agent or a salt thereof.

In a preferred embodiment the sheet like preparation has a multi-layered structure of multiple
layers, wherein at least a first layer contains the anti-inflammatory agent or a salt thereof and
wherein at least a further layer contains at least one further active pharmaceutical ingredient,
which is either the same or a different anti-inflammatory agent or a salt thereof or which is not

an anti-inflammatory agent or a salt thereof such as a steroid.

In a preferred embodiment the layer containing the anti-inflammatory agent or a salt thereof
and/or the further layer containing the additional active pharmaceutical ingredient comprises a

polymer, preferably a film forming polymer.
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The polymer within the layer may serve merely as a carrier for the anti-inflammatory agent or
a salt thereof and/or the additional API, or it may serve as a reservoir for same. Such a layer
can release the anti-inflammatory agent or a salt thereof and/or the additional active
pharmaceutical ingredient under the effect of a fluid. The anti-inflammatory agent or a salt
thereof and/or the additional APl may be released immediately or in a controlled release

manner.

In a preferred embodiment of the drug delivery system according to the present invention the
sheet like preparation comprises at least a first layer containing an anti-infammatory agent or
a salt thereof and/or a further layer containing an anti-inflammatory agent or a salt thereof

and/or additional API, wherein the at least one first layer and/or the further is an adhesive layer.

In a preferred embodiment of the drug delivery system according to the present invention the
at least one first layer containing the active ingredient and/or the further layer containing the
active ingredient comprises a polymer, preferably a film forming polymer, wherein the polymer
is a film forming polymer that is water dispersible and/or decomposable and/or water

disintegrable.

A polymer for a first layer containing an active substance and/or for a further layer containing
an active substance may, in particular, be selected from a group comprising polyvinyl alcohols,
Polyvinylpyrrolidone, polyvinyl acetate, polyethylene glycol, polyethylene oxide polymers,
polyurethanes, polyacrylic acids, polyacrylates, polymethacrylates, poly (methyl vinyl ether-
maleic acid anhydrides), starch, starch derivates, natural gums, alginates, pectins and gelatin,
Pullulan, gel forming proteins, Chitosan, Agar-Agar, agarose, carrageenan, xanthan,
tragacanth, dextran, and cellulose ethers such as ethyl cellulose, hydroxyethyl cellulose, propyl
cellulose, carboxymethyl cellulose, sodium-carboxy methylcellulose, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl ethyl cellulose, cellulose acetate, povidone and
copovidone. In a preferred embodiment, the polymer is a polyvinyl alcohol, preferably polyvinyl
alcohol 18-88.

The polymers may be used individually or in a combination with each other to manufacture a
sheet like preparation for the dosage form according to the invention with the desired properties
as adhesion, release or disintegration properties. A sheet like preparation according to the

invention may consist of a single polymer layer.
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Also, a sheet like preparation for a dosage form according to the invention may have a structure
with two or multiple layers, when at least one of the layers contains an anti-inflammatory agent
or a salt thereof. Itis also possible that multiple layers contain either an anti-inflammatory agent
or a salt thereof or an additional API.

In a preferred embodiment of the drug delivery system according to the present invention, the
sheet like preparation comprising an anti-inflammatory agent or a salt thereof comprises or
consists of a single-layered structure, wherein a (preferably first) layer contains the anti-
inflammatory agent or a salt thereof, preferably tofacitinib citrate. The layer comprises a
polymer, preferably a film forming polymer, wherein the polymer is a film forming polymer that
is water dispersible and/or decomposable and/or water disintegrable. The polymer is a polymer
as described herein, preferably polyvinyl alcohol, preferably polyvinyl alcohol 18-88. The layer

further comprises an additive as described herein, such as a plasticizer, preferably glycerol.

In another preferred embodiment of the drug delivery system according to the present
invention, the sheet like preparation comprising an anti-inflammatory agent or a salt thereof
comprises at least one first active ingredient free layer that does not contain an active

pharmaceutical ingredient.

In a preferred embodiment of the drug delivery system according to the present invention, the
sheet like, in particular film shaped, foil shaped, or wafer shaped, preparation comprising the
active pharmaceutical ingredient comprises at least a further active ingredient free layer that

does not contain an active pharmaceutical ingredient.

In a preferred embodiment of the drug delivery system according to the present invention the
first active ingredient free layer and/or the at least one further active ingredient free layer is a
water insoluble layer which preferably comprises water insoluble substances selected from the
group ethyl cellulose and/or combinations of ethyl cellulose with other water insoluble
substances, hydrophobic plasticizers, especially triethyl citrate, and/or dies and/or fragrances

and/or flavorings.

In particular, the use of ethyl cellulose may be beneficial due to its properties comprising a

good processability, biocompatibility, and water insolubility.



WO 2023/237425 PCT/EP2023/064781

-21 -

In a preferred embodiment of the drug delivery system according to the present invention the
first active ingredient free layer and/or the at least one further active ingredient free layer is an

adhesive layer of desired thickness.

The adhesive layer may be a mucoadhesive polymer selected from the group comprising
cellulose derivates, such as hydroxypropyl cellulose, starch, and starch derivates, polyvinyl
alcohol, polyethylene oxide, polyethylene, polypropylene, polyacrylic acid and polyacrylate
derivates, polyvinylpyrrolidone, povidone, copovidone, sodium alginate, gelatin, xanthan gum,

carrageenan, pectins, dextrans, lectins, chitosan, pullulan, and mixtures thereof.

Additionally, or alternatively, the adhesive layer may comprise a solvent that is selected from
the group comprising water, ethanol, methanol, acetone, organic solvents, and mixtures
thereof.

Furthermore, the preparation may additionally contain additives such as colorants, fragrances,
flavoring agents, preservatives, antioxidants, penetration enhancers, solubilizers,
disintegration accelerators, pore formers, lubricants, and mixtures thereof. In particular, the
following substances are eligible as additives: lubricants, lubricants, glidants, binders,
additional active ingredients, disintegrants, antioxidants, chelating agents, coating agents, flow
agents, preservatives, fillers, surfactants, plasticizers, and pigments. Furthermore, the
additives may be selected from the following group: pore formers, penetration enhancers,
solubilizers, emulsifiers, comprising polyethoxylated sorbitan fatty acid esters, ethoxylated
fatty alcohols, and lecithin; plasticizers, comprising polyethylene glycol, glycerol and other
polyhydric alcohols, higher alcohols such as dodecanol, undecanol, or octanol, sorbitol,
mannitol and other sugar alcohols, dexpanthenol and triglycerides; fillers comprising highly
disperse silicon dioxide, titanium dioxide, zinc oxide, chalk and starch; colorants; sweetening
and flavoring agents; wetting agents; preservatives; pH regulators and antioxidants;
disintegration accelerators; penetration enhancers which improve the resorption of the active
pharmaceutical ingredient into the mucous membrane, such as the cellular uptake, for
example, fatty acids, salts thereof and fatty acid esters, preferably saturated fatty acids such
as octanoic acid (C8), decanoic acid (C10), octadecanoic acid (C18), or unsaturated fatty
acids such as oleic acid (C18), salcaprozate (SNAC) or a salt thereof, terpenes,
glycolipids, medium-chained triglycerides, synthetic waxes such as isopropyl myristate,
branched fatty alcohols such as Eutanol G®, urea, polypropylene glycol, dimethyl
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sulfoxide, azones, azone analogs, polyhydric alcohols such as propanediol, tocopherols or

essential oils such as menthol. A preferred plasticizer is glycerol.

The sheet-like preparation may further comprise at least one taste-masking additive. This
advantageously allows the masking of a bitter or in some other way unpleasant tasting active
pharmaceutical ingredient but may also be beneficial to accelerate the onset of effect of an
active pharmaceutical ingredient. Taste-masking additives are known to the person skilled in
the art. Such a taste-masking additive may, in particular, comprise a sugar alcohol selected
from mannitol, sorbitol, xylitol, malitol, lactitol, erythritol, threitol, and isomalt as well as sodium

hydrogen carbonate.

In particular, the additives may improve the local availability of the active ingredient, such as

penetration enhancers.

According to a preferred embodiment the drug delivery system, in particular the sheet like
preparation, according to the invention is intended to enable a time delayed active ingredient
release. The anti-inflammatory agent or a salt thereof is preferably released over a period of 4
hours, preferably over a period of 6 hours and most preferably over a period of 8 hours. In
order to achieve a delayed active ingredient release in case of two-layered or multi-layered
preparations, at least one of the layers containing the anti-inflammatory agent or a salt thereof,

in particular a polymer layer, has a delayed active ingredient release.

For a delayed active ingredient release the film shaped preparations are preferably formulated
as slowly soluble or slowly disintegrating film which are completely disintegrated or dissolved
only after several hours. Preferably, they are completely disintegrated or completely dissolved
only after 4 hours, preferably only after 6 hours, and even most preferably only after 8 hours

or even only after 24 hours.

In particular, the anti-inflammatory agent or a salt thereof and the optionally present additional
API are released within a period of 15 minutes to 24 hours, 2 hours to 24 hours, 3 hours to 12

hours, 4 hours to 8 hours, or 5 to 6 hours.

The sheet like preparation can be prepared by a person skilled in the art by basically known
methods, for example by coating of an inert support with a liquid composition which comprises
the polymer(s), anti-inflammatory agent or a salt thereof/additional active pharmaceutical

ingredient(s) and optionally additive(s) and solvent(s), by means of e.g., a method involving a
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doctor blade (e.g., solvent casting), spray processors or extrusion processors. The thin film
layer obtained in such a way is dried. For a multi-layered sheet like preparation one or more
coatings may be applied onto the existing film layer in the same manner or may be

manufactured separately and then be subsequently laminated.

During manufacture of the preparation, the temperature-sensitivity, pH-sensitivity and/or
solubility of the used anti-inflammatory agent or a salt thereof needs to be taken into
consideration. Thus, in view of the lower dosages needed for topical/local administration in
comparison to systemically administration, impregnation processes may be used. In such
processes a solution comprising the anti-inflammatory agent or a salt thereof is merely applied,

e.g., sprayed or dripped, onto a polymer film, which is ultimately dried.

In a preferred embodiment, the anti-inflammatory agent or a salt thereof may be incorporated
such that it is embedded in the polymer film, e.g., by solvent casting. Such methods are known

to the skilled person and are further described in the examples provided herein.

In all these processes care should be taken with regard to the solvent used, and the drying

conditions. As a very elegant drying method freeze-drying may be used.

Furthermore, depending on the stability of the anti-inflammatory agent or a salt thereof
incorporated also melt extrusion of polymer and anti-inflammatory agent or a salt thereof are

imaginable e.g., as described in Example 2 herein.

Alternatively, the solution comprising the anti-inflammatory agent or a salt thereof solution may

be applied to the polymer film via an inkjet process.

In one embodiment, the preparation is manufactured such that the anti-inflammatory agent or
a salt thereof is only present is certain portions within the film, which would allow a tailor-made

treatment of the mucosa in designated areas only.

Alternatively, and preferably, a first region of the sheet like preparation may be in contact with
an esophageal mucosa and a second region of the sheet like preparation may be in contact
with a buccal mucosa. In this way, the esophageal mucosa can be treated with the anti-
inflammatory agent or a salt thereof while the buccal mucosa is treated with a second the anti-
inflammatory agent or a salt thereof, an additional API, not treated or an additive is released

to the buccal mucosa. In particular, a flavoring agent and/or a local anesthetic may be released,
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particularly to increase or decrease the production of saliva and/or to make the application of
the drug delivery system more pleasant and/or to suppress the urge to gag. Alternatively, the
first region of the sheet like preparation may be in contact with an esophageal mucosa and the
second region of the sheet like preparation may be in contact with the mucosa of the upper
section of the stomach, such as the cardia, or the cardia and the fundus. It would therefore be

possible to treat the esophagus and parts of the stomach locally.

In another preferred embodiment, the drug delivery system, in particular the capsule device,
comprises a sinker device. The sinker device is configured to provide negative buoyancy to
the capsule device. In experiments of the inventors underlying the finding of this preferred
embodiment it was found that reducing the buoyancy, for example by increasing the mass of
the capsule device, leads to an improved reliability of the mechanical process of expanding
the preparation from the compacted condition to the expanded condition. In case of strip-like
preparation, the unwinding of the preparation from the compacted condition, where the strip-
like preparation is wound around a winding axis, to the expanded condition was significantly
facilitated and more efficient. The problem underlying the preferred embodiment is the
observation that the transfer of the preparation from the compacted condition to the expanded
condition is sometimes incomplete. While the invention already improves the efficiency of
expansion, or respectively, unwinding, by providing a spacing between the opening and the
preparation, the sinker device additionally increases the efficiency of expansion. It is assumed
that the capsule device, also if properly swallowed by a patient in the presence of water or
aqueous solution, is not completely filled with water but air-bubbles sometimes remain inside
the capsule device. The air contributes to buoyancy, and the sinker device assists to resist the
buoyancy effects by assisting in the displacement of air or by using denser materials than
water for utilizing gravity. Further details regarding the sinker are to be deduced from
W02020/183005, which is incorporated herein by reference.

The drug delivery system according to the present invention might also be adapted for the

application to a nasopharyngeal mucosa.

When the sheet like preparation releases the anti-inflammatory agent or a salt thereof,
optionally together with an additional API, locally and/or over a prolonged time, the therapeutic
response may be improved, and in particular the local effect of the anti-inflammatory agent or

a salt thereof can be increased by e.g., a penetration enhancer. Such penetration enhancers



WO 2023/237425 PCT/EP2023/064781

-25.-

are known in the art. Furthermore, in particular due to the spatially extended region of action,

the necessity for a systemic administration may be reduced.

In a preferred embodiment of the drug delivery system according to the present invention the
sheet like preparation has an area and/or surface area between 0.5 and 25 cm?, preferably
between 2 to 25 cm?, preferably between 5 to 25 cm?, preferably between 5 to 15 cm?
preferably larger than 0.5 cm?, and preferably smaller than 40 cm?. Preferably the ration of the
length of the sheet like preparation and the width of the sheet like preparation is between 40:1
and 400:1, or preferably 60:1 and 300:1, or preferably 80:1 and 200:1. Said width can be an
average width of the sheet like preparation, measured, for example, perpendicular to the length
of the sheet like preparation. Said ratio can be a ratio of the length of the sheet like preparation
and a circumference, in particular an average, of the sheet like preparation, wherein said
circumference can be, for example, twice the width of a sheet like preparation in the case of a

strip-shaped sheet like preparation.

In certain embodiments of the drug delivery system according to the present invention the
sheet like preparation is in a solid-state, in particular while it is in its compact form and/or
immediately after its release. This may beneficially enhance, enable or facilitate some of the
above-mentioned advantages. In particular, this may enhance the storability, when it is in a
solid state prior the release. In particular, this may enhance and/or enable a targeted and/or
sustained release of the anti-inflammatory agent or a salt thereof, when it is in a solid state
after its release. Additionally, or alternatively, in certain embodiments of the drug delivery
system according to the present invention, the sheet like preparation is adapted to dissolve,
e.g., bio-degenerate, immediately, after a delay, in a time-controlled manner or upon a stimulus
after its release. This may beneficially enhance, enable, or facilitate some of the above-
mentioned advantages. In particular, this can improve the user convenience, because the

sheet like preparation does not need to be removed.

Additionally, or alternatively, in certain embodiments of the dosage form according to the
present invention the sheet like preparation is adapted to dissolve, e.g., to bio-degenerate,
preferably in a time- controlled manner, e.g., within one hour, or within one to two hours or
within one to five hours, or within one to twelve hours, or within one to twenty-four hours. This

improves the user convenience as the sheet like preparation does not need to be removed.

APPLICATOR / RETAINER
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In an embodiment, an applicator with a holder serves to assist swallowing the capsule device
in combination with a drinking cup. The applicator in combination with the drinking cup allows
the patient to take the drug delivery system as if drinking from a bottle. The applicator is
therefore mounted on the drinking cup as a mouthpiece. The drug delivery system is positioned
in the holder of the applicator. When drinking, the liquid of the drinking cup is rinsed through
the applicator and the holder inside, which releases the preparation from the holder and
transports it into the mouth of the patient, who then swallows it. The string member is a retainer
and is wound around the holder. The string member is further connected to the holder and to
the end of the preparation, which extends through the aperture. Thus, when the preparation
leaves the holder during drinking, the holder is unwound until it is taut. This then exerts a force

on the preparation, pulling the preparation out of the capsule.

Such an applicator and drinking cup is, for example, described in PCT/EP2020/056927, which
is incorporated by reference herein in full, with regard to an applicator, a drinking cup and a
string. Such a retainer is further described, for example, in EP21175427.0 and EP21175436.1,

which are incorporated by reference herein in full, with regard to a retainer.

In a preferred embodiment, the retainer is wrapped around a support structure of the holder,
whereas one end of the retainer is attached to the support structure and the other end is
connected to the preparation of the capsule device. The capsule device is therefore positioned
and hold inside the holder of the applicator. When the patient swallows the dosage form, the
retainer begins to unwind from the support structure. The applicator and the support structure
have a cylindrical shape so that the support structure fits into the applicator and, in particular,
is rotatably mounted therein so that the retainer can unwind from the structure by rotating the

structure.

This is particularly beneficial, if the dosage form is to be administered on a regular, in particular
up to a daily, basis as administration of the capsule device is then possible without professional

help.

In a preferred embodiment of the drug delivery system according to the present invention, the
release mechanism comprises the retainer, which preferably is a string, wherein the string is
expandable from a compact form to an expanded form and connected to an end of the
preparation which protrudes out of the capsule device. The sting includes but is not limited to

a multifilament string or yarn.
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Exemplary embodiments of the present invention will be described in greater detail below with
reference to the accompanying drawings and samples, from which further features,

advantages, and embodiments can be learned.
Figs. 1a, 1b each show schematic illustrations of a capsule device of the drug delivery system.
Fig. 2 shows a schematic illustration of a preparation in its partially unfolded form.

Fig. 3 shows a schematic illustration of the one end of a preparation which is connected to a

retainer for pulling the preparation out of the capsule device.
Fig. 4 shows a schematic illustration of the preparation being a three-layered wafer.

Figs. 5a, 5b each show schematic illustrations of a capsule device having an aperture formed

by an overlapping wall part or by telescoping two capsule halve-shells into each other.
Fig. 6 shows a schematic semi-transparent view of a drug delivery system.

Fig. 7 shows a schematic illustration of an applicator, with a holder and a retainer wound

around the holder, whereas a drug delivery system is positioned inside the holder.

Figs. 8a, 8b each show a schematic view of a patient taking the drug delivery system using the
applicator and drinking cup, before (Fig. 8a) and during (Fig. 8b) swallowing of the drug delivery
system.

Fig. 9 show a schematic view of a patient taking the drug delivery system including a sinker
using the applicator and drinking cup, before (Fig. 9a) and after (Fig. 9b) swallowing of the
drug delivery system.

Fig. 10 shows the absorption spectra of tofacitinib in a preparation of the drug delivery system

of the invention (sample) in comparison to a reference preparation.

Fig. 1a shows a schematic illustration of the drug delivery system 1 having a capsule device 2
with a first halve-capsule shell 2a and a second halve-capsule shell 2b being telescoped into
each other thereby forming an aperture 3. The preparation 4 is shown in its compact form
inside the capsule 2 with its one end 4a extending out of the aperture 3. An arrow indicated

the direction of movement of the preparation 4 when the preparation 4 is pulled out of the
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capsule 2, i.e., the first halve-capsule shell 2a, through the aperture 3. In Fig. 1a, the aperture
3 is shown formed sidewise to a central axis A of the capsule 2 and arranged in the first halve-
capsule shell 2a. In Fig. 2b, the aperture 3 is shown formed along the central axis A of the

capsule 2 and arranged in the first-halve capsule shell 2a.

Fig. 2 shows a schematic illustration of a preparation 4 in its partially unfolded form. The
preparation 4 is drawn having a sheet like shape. The central area of the preparation 4 is
indicated in dashed lines, so that Fig. 2 essentially shows the end 4a of the preparation 4
protruding from the aperture 3 of the capsule device 2 and the still slightly coiled end 4b of the
preparation 4. The coiled end 4b indicates the compact form of the preparation 4. At the end
4a, which extends through the aperture 3, a holding device 5 is shown having a patch like
shape. The holding device 5 comprises a strip 5a. The strip 5a serves in the embodiment
shown in Fig. 2 as connector to link the holding device 5 to the end 4a of the preparation 4.
Alternatively, the end 4a of the preparation 4 is directly connected to a retainer, e.g., a string.

In such an embodiment, the holding device 5, 5a is formed by the retainer itself.

Fig. 3 shows this preferred embodiment. The end 4a of the preparation 4 is shown having a
sheet like shape, whereas a retainer 6 overlaps an end potion having a length d of the
preparation 4 to form the holding device 5, 5a. The connection between the retainer 6 and the
end 4a of the preparation 4 is made such that a pulling force can be transferred via the
connection, when the retainer 6 is tensed to pull the preparation 4 out of the capsule device 2,

e.g., by swallowing of the dosage form 1.

Fig. 4 shows the preparation 4 being spilt into several layers. In the shown embodiment of Fig.
4, the preparation is a wafer comprising three distinct layers 7. The one top layer 7a is formed
as an adhesive layer, the central layer 7b contains the anti-inflammatory agent or a salt thereof,

and the lower most drawn layer in Fig. 4 shows a protective, e.g., a water protective layer.

Figs. 5a, 5b each show schematic illustrations of a capsule device 2 of the drug delivery system
1, with an aperture 3 formed by an overlapping wall part 9 or by telescoping two capsule halve-
shells 2a, 2b into each other. As shown in Fig. 5a, the first halve-capsule shell 2a is slit over
the second halve-capsule shell as indicated by the dashed lines. The second halve-capsule
shell comprises a recess 8. By sliding the two halves 2a, 2b partially over each other, the first
halve-capsule shell 2a covers the recess 8 of the second halve-capsule shell 2b partially. The

further provided wall part 9, then covers the remaining open space formed by the recess 8
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such that the aperture 3 is formed as an opening through which the preparation 4 can leave
the shell 2.

Alternatively, Fig. 5b shows the embodiment, where the two halve-capsule shells 2a, 2b
overlap in a joined position to such an extent that the aperture 3 is formed by the one, in
particular, cylindrical wall of the first halve-capsule shell which overlaps the opening 10 of the

second halve-capsule shell 2b.

Fig. 6 shows a schematic semi-transparent view of a drug delivery system 1. The first and
second halve-capsule shells 2a, 2b are joined in a joined position, thereby form the aperture 3
by covering the opening 10 of the second halve-capsule shell 2b in this position. The end
portion 4a of the preparation 4 is shown extending through the aperture 3. The pharmaceutical
dosage form 1 further comprises a sinker element 11, which is located in the first halve-capsule
shell 2a. The sinker extends from the first-halve capsule shell 2a into the second halve 2b,
whereas notches 11a protrude from outside the capsule device 2 into the inside space to
position the sinker 11 and to prevent the sinker from moving within the capsule. In Fig. 6 the
preparation 4 is shown positioned underneath the sinker 11. The notches prevent the sinker

11 from sliding into the preparation 4.

Fig. 7 shows a schematic illustration of an applicator 12, with a holder 13 and a retainer 6
wound around the holder 13, whereas a drug delivery system 1 is positioned inside the holder
13. The applicator and the holder preferably have a cylindrical shape. The capsule device 2 is
positioned inside the holder 13 with the first halve 2a pointing towards applicator cap 12a. The
cap 12a is removed for use. In the embodiment shown in Fig. 7, the capsule device 2 further
comprises a sinker 11 located in the first halve-capsule shell 2a and the preparation 4 located
in the second halve-capsule shell 2b. In the embodiment shown in Fig. 7, the first halve-capsule
shell 2a is additionally pressed towards the bottom of the applicator 12. Therefore, a curved
holder 13a is positioned above the capsule device 2. The holder 13a is curved such that its
shape fits the shape of the first halve-capsule shell 2a. The pressing of the capsule 2 into the
holder 13 is achieved by compression springs 14, whose one end is attached to the cap 12a
of the applicator 12 and whose other end to the curved holder 13a. A drying element 15 is
position inside the applicator 12 at the cap 12a of the applicator 12. This prevents the
preparation 4 from being damaged by moisture. The applicator 12 does not necessarily

comprise a curved holder 13, a drying element 15 or compression springs 14.
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Figs. 8a, 8b each show a schematic view of a patient taking the drug delivery system 1 using
the applicator and drinking cup, before (Fig. 8a) and during (Fig. 8b) swallowing of the drug
delivery system. Fig. 8a shows the administration of the drug delivery system comprising the
capsule device 2 as herein described by a patient. A drinking cup 16 is filled with a liquid and
an applicator 12 is attached to the cup 16. The applicator 12 comprises a retainer 6 and the
drug delivery system 1, which further comprises the capsule device 2, connected to the
preparation 4, and which is at least partially coiled at the inside of the capsule device 2. Fig.
8b illustrates the procedure when the patient swallows the dosage form 1 and the dosage form
1 then is transported through the esophagus towards the stomach. The retainer 12 pulls the
preparation 4 out of the capsular device 2. The preparation 4 then spreads along the
esophagus so that the active ingredient of the dosage form 1 is delivered to the mucosa of the

esophagus.
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List of Reference Symbols

2a

2b

4a

4b

5a

7a
7b

7c

10
11
11a
12
12a
13
13a

14

drug delivery system
capsule device

first halve-capsule shell
second halve-capsule shell
aperture

preparation

end of the preparation that extends through the aperture

coiled end of the preparation
holding device

strip

retainer

layer

adhesive layer

active pharmaceutical ingredient- containing layer
protective layer

recess

wall part

opening

sinker element

notches

applicator

applicator cap

holder

curved holder

spring
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15 drying element
16 drinking cap
EXAMPLES

Example 1: Preparation of a polymer film with tofacitinib

A “base polymer mixture” was prepared with the ingredients and the amount as depicted in

Table 1 without addition of tofacitinib.

Table 1
Amount (g) Proportion Total Proportion Solid
PVA 18-88 4.39 17.3% 83.2%
Glycerol 0.49 1.9% 9.2%
Dem. Water 19.51 76.8% -
0,1 M HCL* 0.61 2.4% -
Tofacitinib-Citrat 0.40 1.6% 7.6%

*Generally, the amount of HCI which is required may vary depending on the batch of polymer
and is preferably adjusted to an acidic pH (pH 6.0 or less). An acidic pH is favorable for the
stability to tofacitnib.

After pH adjustment to pH 4.0, tofacitinib was added at room temperature and film laminates

were prepared by solvent casting, i.e., the polymer mixture comprising tofacitinib was spread

and the solvent was evaporated off. The films were dried at room temperature.
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The resulting films were flexible, and no particles were detected on the film surface.

Further, the film was analyzed for the content of tofacitinib. To this end, 6 circular samples with
a diameter of 1.9 cm (2.84 cm?) were cut at random positions of the film and analyzed with a
UV/Vis spectroscopy in a citrate buffer, pH 4.0 with 20% methanol. The absorption spectrum
is shown in Figure 10 in comparison to a reference sample (tofacitinib solved in citrate buffer,
pH 4.0 with 20% methanol ). Comparison of the spectrum of the film sample with the spectrum
of the reference sample confirms that tofacitinib can be stably prepared in a film for use in the
drug delivery device of the invention.

Further, the content of tofacitinib on the film was as indicated in Table 2.

Table 2
API per film weight  |API per area Area weight
(mg/mgq) (mg/10 cm?) (9/10 cm?)
Mean value 6.33 10.16 160.65
Sb* 0.38 1.89 28.71
Rel. SD** 6 % 19 % 18 %

* Standard Deviation, ** relative Standard Deviation

It must be noted that standard deviation and maximum of drug load are determined by the

process technology and do not represent any limitations in principle

The results in Table 2 show that loading of 10 cm? of the film with 10 mg tofacitinib is possible
and allowing the preparation of a film with a wide therapeutic dosage range. Thus, the inventive
drug delivery system allows for administration of a locally high concentration of the agent while
providing a favorable systemic safety profile.
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Example 2: Preparation of a polymer film by melt extrusion

- Selecting the appropriate polymer base: choose a polymer base that is compatible with the
active ingredients you intend to use. Typical polymers are polyvinyl alcohol (PVA), cellulose
ether and polyethylene glycol (PEG) in combination with suitable plasticizers.

- Active ingredient preparation: The active ingredient is usually prepared in a suitable
formulation (e.g., as powder or granules).

- Mixing of the components: The polymer base and the active ingredient are mixed in a mixer
to form a homogeneous mixture.

- Extrusion: The mixture is fed into an extruder, where it is melted at high temperatures and
forced through a die. The die forms the film, which is deposited on a cooling plate.

- After the polymer compound is forced through the die during melt extrusion, the extruded film
can undergo a rolling process to further optimize its thickness and properties. The rolling
process can include either cold or hot rolling, depending on the specific requirements of the
film.

- Post-treatment: After the extrusion process, the extruded film is cut to the desired size and
shape. The film is then usually subjected to further processes such as drying, coating or
laminating to improve its physical and pharmaceutical properties.
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Claims

A drug delivery system for the application to an esophageal mucous membrane,

comprising

at least one sheet like, in particular film shaped, foil shaped or wafer shaped preparation

comprising an active pharmaceutical ingredient;

a release mechanism; and

a trigger mechanism, wherein

the trigger mechanism is adapted to trigger, at a predetermined site of action, the
release of the preparation by the release mechanism, and wherein the release
mechanism is adapted to release said preparation while moving along the esophageal

mucous membrane,

wherein the drug delivery system further comprises a shell, wherein the shell contains
the preparation, and wherein the shell comprises an aperture as part of the release
mechanism configured to allow said preparation to leave the shell, and wherein the
trigger mechanism is a holding device that is a part of or is attached to the preparation,
such that the preparation is unrolled or unfolded while the dosage form moves down

the esophageal mucous membrane and leaves the shell through the aperture,

characterized in that the active pharmaceutical ingredient comprises an anti-
inflammatory agent or a salt thereof and preferably one or more additional active

pharmaceutical ingredient(s).

The drug delivery system of claim 1, wherein the anti-inflammatory agent reduces or
blocks inflammation, preferably in the esophageal epithelium, and/or fibrosis, preferably

in the esophageal subepithelium.

The drug delivery system of claim 1 or 2, wherein the anti-inflammatory agent
comprises an immunosuppressant, preferably selected from the group consisting of a
tyrosine kinase inhibitor, a calcineurin inhibitor and a purine analogue, preferably a

thiopurine analogue.
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The drug delivery system of claim 3, wherein the tyrosine kinase inhibitor is a Janus
kinase (JAK) inhibitor selected from the group consisting of upadacitinib (ABT-494),
baricitinib, brepocitinib, abrocitinib (PF-04965842), ifidancitinib (ATI-502), tofacitinib,
ruxolitinib, delgocitinib (JTE-052), cerdulatinib, gusacitinib (ASN002), and izencitinib
(TD-1473), preferably tofacitinib.

The drug delivery system of claim 3, wherein the calcineurin inhibitor is selected from
the group consisting of sirolimus (rapamycin), tacrolimus (FK-506), pimecrolimus, and

cyclosporin A.

The drug delivery system of claim 3, wherein the purine analogue is azathioprine (AZA)

or 6-mercaptopurine (6-MP).

The drug delivery system of any one of the preceding claims wherein the salt of the
anti-inflammatory agent is selected from a citrate, phosphate, and borate, preferably a

citrate.

The drug delivery system of one of the preceding claims wherein the salt of the anti-
inflammatory agent is a salt of a JAK inhibitor, preferably of a salt of tofacitinib, more

preferably tofacitinib citrate.

The drug delivery system of one of the preceding claims wherein the sheet like, in
particular film shaped, foil shaped or wafer shaped preparation comprising the active

pharmaceutical ingredient comprises polyvinyl alcohol (PVA).

The drug delivery system of one of the preceding claims wherein the sheet like, in
particular film shaped, foil shaped or wafer shaped preparation comprising the active

pharmaceutical ingredient comprises a plasticizer, preferably glycerol.

The drug delivery system of any of the preceding claims wherein the one or more
additional active pharmaceutical ingredient is a steroid, preferably a steroid selected

from the group consisting of budesonide, fluticasone, and mometasone.
The drug delivery system according to any of the preceding claims for use in therapy.

The drug delivery system of claim 12 for use in the treatment or prevention of an

esophageal disease, preferably a refractory esophageal disease.
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14. The drug delivery system of claim 12 or 13, for use in the treatment or prevention of an
esophageal disease, which is caused or related to a defect in the immune system, such
as an inflammatory disease, fibrosis, or an allergy, preferably an allergy caused or
related to environmental allergens and/or food allergens.

15. The drug delivery system of any one of claims 12 to 14 for use in the treatment or
prevention of eosinophilic esophagitis, preferably refractory eosinophilic esophagitis,
and/or esophageal stricture.



