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Bioadhesive platform to perform bioactive treatment

This application claims the benefit of European Patent Application EP16382365.1
filed on 27.07.2016.

The present invention relates to compositions comprising hyaluronic acid, and two
thermoreversible adhesive agents, being one of them a poloxamer, that may be used
as a drug delivery system for the local delivery of active agents to the gastrointestinal
tract. It further relates to its uses in medicine, especially as endoscopic shield to treat
gastrointestinal cancers and inflammatory diseases. It also relates to injection
devices comprising the said compositions, and to kits comprising the injection
devices and delivery devices suitable to be coupled to the injection devices.

Background Art

Endoscopy is a minimally invasive procedure that allows diagnosing conditions inside
the gastrointestinal, respiratory or urinary tract, by means of an endoscope, which is
inserted through a body passageway. Advances in endoscopic medicine have led to
the development of therapeutic endoscopy that enables physicians to treat numerous
conditions using endoscopic techniques such as the removal of polyps and early
tumors.

The expansion of the indications of advanced therapeutic endoscopic techniques,
such as endoscopic mucosal resection (EMR) and endoscopic submucosal
dissection (ESD), to include early gastrointestinal cancers, has become routine and
has enable extensive resection. This has reduced the need for surgical intervention.
However, the appearance of recurrence after the resection is often difficult to
manage, requiring risky endoscopic techniques. Otherwise, the presence of isolated
symptomatic mucosal lesions, despite medical therapy, is common in inflammatory
diseases.

CA2703807 relates to a composite aqueous hydrogel comprising hyaluronic acid,
methylcellulose and dispersed polymeric hydrophobic micro and/or nanoparticles.
The composite may be injectable, and in the absence of a therapeutic agent it may
be used as a bulking agent for reconstructive and cosmetic surgery. The polymeric
micro and/or nanoparticles may encapsulate at least one therapeutic agent e.g. for
the treatment of spinal cord injury, in which case each therapeutic agent exhibits a
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linear sustained release rate that can be tuned or altered by selecting the appropriate
polymer formulation of the micro and/or nanoparticles. According to this document,
the stability of the hydrogel with these polymeric micro and/or nanoparticles is
enhanced when compared to the stability of the hydrogel alone described in
US20060280797. However, the process for preparing the composite disclosed in
CA2703807 requires the preparation of polymeric micro and/or nanoparticles by
single or double emulsion methods followed by solvent removal techniques such as
extraction, evaporation or spray drying. Further, the particle size of the polymeric
micro and/or nanoparticles needs to be tightly controlled. This makes this process

expensive and time consuming.

Therefore, taking into account the large number of therapeutic endoscopy procedures
carried out today, and the increasing incidence of inflammatory diseases and cancers
such as inflammatory bowel disease, inflammatory colitis or colorectal cancer, it is
imperative to assess a novel scenario for endoscopic therapy. In this sense, there is
a need to develop of a bioadhesive and bioactive platform to deliver local treatments,
which reduces or avoid post-resection recurrence and solves refractory mucosal

lesions by inducing mucosal healing.

Summary of Invention

The inventors have developed new safe and stable pharmaceutical or veterinary
compositions that comprise hyaluronic acid or a salt thereof as therapeutically active
agent, and two thermoreversible adhesive agents, being one of them a poloxamer,
wherein the poloxamer and the hyaluronic acid or salt are present in a specific ratio.
Thanks to the properties of the compositions of the invention they can be used to

perform long term bioactive treatment.

In the absence of any further active agent, the compositions of the invention (also
referred herein to base compositions) are suitable for the topical treatment of
mucosal lesions and/or for the prevention of complications derived from mucosal

lesions by providing good healing properties.

The base composition of the invention may also be used as a platform for the local
and sustained delivery of active agents, for example monoclonal and polyclonal
antibodies, anti-angyogenic or cytostatic agents, and anti-inflammatory medicines, to
the gastrointestinal tract, for example to prevent tumor recurrence (e.g. colorectal
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cancer) after resection, or reducing inflammation in patients with inflammatory bowel

disease or inflammatory colitis.

Unlike in the prior art delivery system described in CA2703807, in order to achieve
the desired stability in the composition of the invention having a specific ratio
poloxamer:hyaluronic acid or salt, there is no need that the poloxamer is in the form
of micro and/or nanoparticles that encapsulate the active agent to be delivered when
it is present in the composition. This greatly facilitates the production process of the
compositions of the invention and makes them more versatile: the preparation

process is simpler and contains fewer steps.

Furthermore, this allows that any person (not only the producer of the platform
composition), for example the medical staff who is administering the composition to a
patient, is able to add the drug needed for the treatment of the pathology of interest to
a pre-prepared base composition comprising the hyaluronic acid or salt, the adhesive
agent, and the poloxamer before its administration.

Additionally, the composition of the invention has further advantages: it is
biodegradable and bioactive (even when it has no additional active agents). lts
thermoreversible properties make it easy to apply through the endoscope without
requiring any special or complex devices. Moreover, due to its viscosity and adhesion
properties at body temperature, it has the ability to remain adhered to the affected
area for a long period of time, thus facilitating the pharmacologic activity of the
administered active agent.

Moreover, as illustrated in the examples, the stability and integrity of the compositions
of the invention is also improved, in particular on the gastrointestinal mucosa, which
is colonized by microbiota, with respect to other compositions not containing two
thermoreversible adhesive agents as defined herein. Thus, the compositions of the
invention show an extended half-life against the effect of enzymes present in the
gastrointestinal tract.

Therefore, a first aspect of the present invention relates to a pharmaceutical or
veterinary composition suitable for the delivery of active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof as active agent, and

b) from 10 to 25 wt% of two thermoreversible adhesive agents, being one of the
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adhesive agents a poloxamer, wherein

thermoreversible means that the adhesive agent is capable to form a composition
that is liquid at room temperature and a gel at body temperature,

in the absence of any further active agent,

wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1;

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or
less than 100%.

As mentioned above, the base composition as defined above is useful fin the
treatment of topical mucosal lesions, in particular of the gastrointestinal mucosa,
and/or for preventing complications derived from such lesions.

Therefore, another aspect of the invention relates to a composition suitable for the
delivery of active agents as defined above for use as a medicament.

Another aspect of the invention relates to a composition suitable for the delivery of
active agents as defined above for use in the topical treatment of mucosal lesions
and/or for the prevention of complications derived from mucosal lesions. This aspect
relates to the use of hyaluronic acid or a pharmaceutically or veterinary acceptable
salt thereof for the manufacture of a composition suitable for the delivery of active
agents as defined above for the topical treatment of mucosal lesions and/or for the
prevention of complications derived from mucosal lesions. It may also be formulated
as a method for the topical treatment of mucosal lesions and/or for the prevention of
complications derived from mucosal lesions in a patient in need thereof, comprising
administering a therapeutically effective amount of the previously defined composition
suitable for the delivery of active agents to a subject in need thereof, including a

human.

As mentioned above, the composition suitable for the delivery of active agents (also
referred herein to as base composition) may also be used as a bioadhesive platform
for the local delivery of active agents.

Thus, another aspect of the invention relates to a pharmaceutical or veterinary
composition comprising the base composition as previously defined and a
therapeutically effective amount of one or more further active agents; with the
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condition that the further active agent is other than a non-absorbable antibiotic,
wherein non-absorbable means that the antibiotic is capable of providing activity only
locally in the gut. Furthermore, the non-absorbable antibiotic has a negligible
systemic absorption.

The compositions of the invention, whether they contain one or more further
therapeutically active agents or not, may be administered through and endoscope by
an appropriate delivery device.

Thus, another aspect of the invention relates to an injection device comprising the
base composition or the composition further comprising one or more further active

agents as defined above.

Another aspect of the invention relates to a kit comprising the injection device as
defined above, and a delivery device suitable to be coupled to the injection device.

Brief Description of Drawings

FIG. 1 shows the evolution of the viscosity of the hydrogel of Example 1 of the
invention according to the speed of shear.

FIG. 2 shows the evolution of the viscosity of the hydrogel of Example 2 of the
invention according to the speed of shear.

FIG. 3 shows the evolution of the viscosity of the hydrogel of Example 3 of the
invention according to the speed of shear.

FIG. 4 shows the release of indigo carmine in PBS medium over time (hours) from
the composition of example 1 (diamonds), compared to control PBS (crosses), and
two negative controls: the composition of example 1 without indigo carmine (squares)
and PBS without indigo carmine (circles).

FIG. 5 shows the pressure needed to flush the composition of example 1 (C),
compared to saline (A), comparative composition 1 (B), and comparative composition

2 (D).

FIG. 6 shows the half-life of the composition of example 1 (A, plate 1), comparative
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composition 3 (without Pluronic F127) (B, plate 2), and comparative composition 4
(without methylcellulose) (C, plate 3) in a degradation test using in plates seeded with

colonic lavage.

Detailed description of the invention

Unless otherwise stated, all percentages mentioned herein regarding the components
of the composition are expressed in weight with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to
100%.

The present invention discloses pharmaceutical or veterinary compositions
comprising hyaluronic acid or a salt thereof as active agent, and two thermoreversible
adhesive agents as carriers, being one of them a poloxamer, wherein the weight ratio
between the poloxamer and the hyaluronic acid or its salt is from 60:1 to 10:1.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the weight ratio between the
poloxamer and the hyaluronic acid or its salt is from 60:1 to 20:1, more particularly
from 50:1 to 30:1, more particularly is from 45:1 to 35:1, and even more particularly
about 40.

For the purposes of the present invention, the term “base composition” is used to
define a composition suitable for the delivery of active agents which, except
hyaluronic acid or its salt, it does not contain any further active agent. By contrast, the
expression “composition further comprising one or more further active agents” refers
to a composition comprising one or more further therapeutically active agents in
addition to a hyaluronic acid or its salt.

As mentioned above, the compositions of the invention show suitable viscosity and
adhesion properties. In particular, when the composition contacts a mucosa, a tissue
or an organ at body temperature, it has the consistency of a gel, and has the ability to
remain adhered to the affected area for a long period of time.

As used herein, "viscosity" refers to a measure of the resistance of a fluid to deform
under shear stress and describe the fluid's internal resistance to flow and can be
measured as a function of the shear rate by using a rheometer. For example, the
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rheological test may be carried out in a Haake device RheoStress equipped with a
C60 / 1°Ti sensor and a "gap set" 0.053 mm, a rotation ramp from 0 to 300 s-1 for 30
seconds. For each trial the evolution of viscosity (n) of the sample according to the
speed shear (y) to 20 and 40 can be measured.

The term “adhesion” as used herein refers to the ability of the compositions of the
invention to bind to the site of topical application or administration, e.g. mucoses,
upon contact, by both chemical and physical means, whereby when they are brought
into contact work must be done in order to separate them. The adhesion can be
measured by a texture analyser TA.XT Plus. For example, a 40-mm (diameter) disk
can be compressed into the gel and redrawn. The method settings, including speed
rate at 1 mm/s and distance (depth of the insertion) of 9-mm can be assessed at the
desired temperature, e.g. at 22 °C or at 37 °C. The adhesion is measured in mN/s
units. The more negative the value in mN/s, the more adhesive the composition will
be. Thus, for example a composition showing a measurement value of -100 mN/s is
more adhesive than a composition showing a lower measurement value of e.g., -50

mN/s.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the adhesion of the composition
at body temperature is equal to or lower than -20 mN/s, more particularly from -50 to
-4000 mN/s, more particularly from -100 to -4000 mN/s, more particularly from -1000
to -4000 mN/s (as measured by the method described above). When the composition
shows the above adhesion values at body temperature, it has the advantage that it
remains adhered to mucosa for a longer period of time.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the viscosity of the composition at
body temperature is from 0.5 to 7000 Pa-s, more particularly from 1 to 6500 Pa-s (as
measured by the method described above). When the composition shows the above
viscosity values, it forms a particularly thick film, more particularly a film with a
thickness from 0.5 to 5 mm, as opposed to a thin film, e.g. when applied to the
mucosa. This has the advantage that it further improves the physiological healing
process of the mucosal lesion.

In another embodiment, optionally in combination with one or more features of the

various embodiments described above or below, the adhesion of the composition at
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body temperature is equal to or lower than -20 mN/s, more particularly from -50 to
-4000 mN/s, more particularly from -100 to -4000 mN/s, more particularly from -1000
to -4000 mN/s; and the viscosity of the composition at body temperature is from 0.5
to 7000 Pa-s, more particularly from 1 to 6500 Pa-s, more particularly from 1000 to
6500 Pa-s.

The compositions of the invention are thermoreversible. For the purpose of the
present invention, the term “thermoreversible” or equivalent expressions thereof such
as “thermally reversible” applied to the composition means that it exhibits reverse
thermogellation, i.e., it undergoes a change in viscosity when the temperature varies.
Thus, the composition is liquid at room temperature and forms a gel at body
temperature. The liquid state at room temperature facilitates the administration of the
composition when it is to be administered e.g. to the gastrointestinal mucosa, by
using an appropriate injection device, such as for example a syringe or a jet injector,
coupled to a delivery device or system, such as a catheter, which can be introduced
via an endoscope. When the composition comes into contact with the mucosa at
body temperature, its viscosity increases to a higher viscosity state, hence acquiring
the consistency of a gel. This has the advantage that the composition remains on the
surface of the affected area.

Thus, in one particular embodiment, in combination with one or more features of the
various embodiments described above or below, the viscosity of the composition at
body temperature is higher than at room temperature, more particularly the viscosity
of the composition at body temperature is from 0.5 to 7000 Pa-s, more particularly
from 1 to 6500 Pa-s, more particularly from 1000 to 6500 Pa-s, higher than the
viscosity of the composition at room temperature.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the adhesion of the composition at
body temperature is higher than at room temperature. This means that, in this
embodiment, the adhesion value in mN/s of the composition at body temperature is
more negative than the adhesion value in mN/s of the composition at room
temperature. More particularly, the adhesion of the composition at body temperature
is from -20 to -4000 mN/s (in absolute value), more particularly from -50 to -4000
mN/s (in absolute value), more particularly from -100 to -4000 mN/s (in absolute
value), more particularly from -1000 to -4000 (in absolute value), higher than the
adhesion of the composition at room temperature.
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For the purposes of the invention, room temperature refers to a temperature in the
range from 20 to 25 °C, and body temperature refers to a temperature in the range
from 35 to 42 °C.

As mentioned above, the compositions of the invention comprise a

hyaluronic acid or a pharmaceutically or veterinary acceptable salt thereof.
Hyaluronic acid (HA) is a naturally occurring anionic non-sulfated glycosaminoglycan
distributed widely throughout connective, epithelial, and neural tissues and part of the
extracellular matrix. It consists of multiple repeating disaccharide units of N-acetyl-D-
glucosamine and D-glucuronic acid. HA plays an important role in tissue repair by its
proliferative and immunomodulatory effect inducing tissue repair promoting healing
re-epitelisation instead of scaring.

There is no limitation on the type of the hyaluronic acid salt that can be used,
provided that they are pharmaceutically or veterinary acceptable when used for
therapeutic purposes. The term "pharmaceutically or veterinary acceptable salt”,
embraces salts commonly used such as e.g. alkali metal salts. The preparation of
hyaluronic acid pharmaceutically acceptable salts can be carried out by methods
known in the art. Hyaluronic acid and its salts may differ in some physical properties
but they are equivalent for the purposes of the present invention.

Non-limiting examples of pharmaceutically or veterinary acceptable salts include
inorganic salts such as the sodium, magnesium, potassium, zinc, cobalt salts, and
the like, as well as organic salts such as the tetrabutylammonium salt, and the like. In
one particular embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the composition comprises
hyaluronic acid or hyaluronic acid sodium salt, more particularly hyaluronic acid
sodium salt.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the hyaluronic acid or its
pharmaceutically or veterinary acceptable salt is present in an amount from 0.3 to
0.8%, more particularly is about 0.4% by weight (wt%) with respect to the total weight
of the composition.

In another particular embodiment, optionally in combination with one or more features
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of the various embodiments described above or below, the hyaluronic acid or a
pharmaceutically acceptable salt thereof has a weight average molecular weight
(Mw) from 1.5 x 106 to 4 x 106 Daltons, more particularly from 1.7 x 106 to 2 x 106
Daltons.

The compositions of the invention also comprise two thermoreversible adhesive
agents, beingone of them a poloxamer. The adhesive agents act as carriers in the
pharmaceutical and veterinary compositions as defined herein. Non limiting examples
of adhesive agents include polyvinyl acetate (PVA), cellulose derivatives such as
cellulose sodium glycolate, methyl cellulose, carboxy methylhydroxyethyl cellulose,
hydroxyethyl cellulose, and propyl cellulose, hydroxypropyl methylcellulose,
ethylcellulose, 3-O-ethylcellulose, hydroxypropyl methylcellulose phthalate,
ethyl(hydroxyethyl)cellulose, 6-O-alkylated cellulose, cellulose octanoate sulfate,
cellulose lauroate sulfate, cellulose stearate sulfate, and cationic derivatives thereof,
6-O- benzylcellulose, 2,3-di-O- methyl-6-O-benzylcellulose, 2,3-di-O- benzylcellulose,
2,3-di-O-benzyl-6-O-methylcellulose, 2,3,6- tri-O-benzylcellulose, hydroxypropyl
methylcellulose acetate succinate, O-2-[2- (2- methoxyethoxy)ethoxy]acetyl cellulose,
sodium alginate, starch, dextrin, a polyvinyl alcohol, a (poly)vinyl resin, sodium
silicate, poloxamers, and the like. When the adhesive agent is sodium alginate, a
compound containing divalent ions, such as CaCl2, is preferably present in the

composition.

Poloxamers, also known as pluronic compounds, are nonionic triblock copolymers
composed of a central hydrophobic chain of polyoxypropylene (poly(propylene
oxide)) (PPO) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene
oxide)) (PEO). In one embodiment of the invention, the polyoxypropylene (PPO)
content in the poloxamer is from 30 to 90 wt%, more particularly about 70%. In one
embodiment of the invention, the polyoxypropylene (PPO) molecular mass in the
poloxamer is from 1000 to 5000 g/mol, more particularly about 4000. An example of a
poloxamer is poloxamer 407 (Pluronic® F-127).

The compositions of the invention comprise two adhesive agents which are thermally
reversible adhesive agent, i.e. agents which contribute to the adhesion of the
composition and to its thermoreversibility. Thus, for the purpose of the invention
‘thermoreversible adhesive agent” means that the adhesive agent is capable to form
a composition that is liquid at room temperature and a gel at body temperature.

In one particular embodiment, optionally in combination with one or more features of
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the various embodiments described above or below, one of the adhesive agents is a
poloxamer and the other one is selected from the group consisting of polyvinyl
acetate (PVA), cellulose derivatives, sodium alginate, starch, dextrin, polyvinyl
alcohol, (poly)vinyl resin, and sodium silicate.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, one of the adhesive agents is
a poloxamer and the other is selected from the group consisting of polyvinyl acetate
(PVA), cellulose sodium glycolate, methyl cellulose, carboxy methylhydroxyethyl
cellulose, hydroxyethyl cellulose, propyl cellulose, hydroxypropyl methylcellulose,
ethylcellulose, 3-O-ethylcellulose, hydroxypropyl methylcellulose phthalate,
ethyl(hydroxyethyl)cellulose, 6-O-alkylated cellulose, cellulose octanoate sulfate,
cellulose lauroate sulfate, cellulose stearate sulfate, 6-O-benzylcellulose, 2,3-di-O-
methyl-6-O-benzylcellulose, 2,3-di-O-benzylcellulose, 2,3-di-O-benzyl-6-O-
methylcellulose, 2,3,6- tri-O-benzylcellulose, hydroxypropyl methylcellulose acetate
succinate, O-2-[2-(2- methoxyethoxy)-ethoxy]acetyl cellulose, sodium alginate,
starch, dextrin, polyvinyl alcohol, (poly)vinyl resin, and sodium silicate.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the adhesive agents are
present in an amount from 12 to 20%, more particularly from 14 to 18% by weight
(Wt%)

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the weight ratio between the
poloxamer and the other adhesive agent is from 4:1 to 25:1, more particularly from
8:1 to 12:1, more particularly from 9:1 to 11:1, even more particularly is 10:1.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the compositions of the invention
comprise a cellulose ether and a poloxamer as adhesive agents. More particularly,
the cellulose ether is methyl cellulose, and even more particularly is methyl cellulose
having a percentage of methoxy substitution from 25 to 33% and a weight average
molecular weight from 10000 to 20000 Daltons.

In another particular embodiment, optionally in combination with one or more features

of the various embodiments described above or below, the pharmaceutical or
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veterinary composition comprises two adhesive agents one being a poloxamer,
wherein the poloxamer is present in an amount from 12 to 20%, more particularly
from 14 to 18% by weight (wt%), with respect to the total weight of the composition,
and the other adhesive agent is present in an amount from 0.75 to 3% by weight
(Wt%), more particularly from 1 to 2% by weight (wt%), with respect to the total weight
of the composition. In a more particular embodiment, the second adhesive agent is a
cellulose ether, more particularly methyl cellulose, and even more particularly methyl
cellulose as previously defined.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the poloxamer is in a form other
than micro and/or nanoparticles. In this embodiment, the composition of the invention
is obtainable by mixing in any order a hyaluronic acid or a pharmaceutically or
veterinary acceptable salt thereof, and two thermoreversible adhesive agents, being
one of them a poloxamer, wherein the weight ratio between the poloxamer and the
hyaluronic acid or its salt is from 60:1 to 10:1.

Thus, it also forms part of the present invention a pharmaceutical or veterinary
composition suitable for the delivery of active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof as active agent, and

b) from 10 to 25 wt% of two thermoreversible adhesive agents, being one of the
adhesive agents a poloxamer, wherein

thermoreversible means that the adhesive agent is capable to form a composition
that is liquid at room temperature and a gel at body temperature,

in the absence of any further active agent,

wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1;

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or
less than 100%; which is obtainable by mixing in any order a hyaluronic acid or a
pharmaceutically or veterinary acceptable salt thereof, and two thermoreversible
adhesive agents, being one of them a poloxamer, wherein the weight ratio between
the poloxamer and the hyaluronic acid or its salt is from 60:1 to 10:1.
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The above described preparation process comprising mixing the components,
particularly in water or a buffer, and stirring until achieving the complete dissolution
thereof is also part of the present invention.

The term “obtainable by” is used herein for defining the compositions of the invention
by its preparation process and refers to the products that can be obtained through the
preparation process which comprise the indicated steps as herein defined. For the
purposes of the invention, the expressions “obtainable”, “obtained” and similar
equivalent expressions are used interchangeably and, in any case, the expression

“obtainable” encompasses the expression “obtained”.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the compositions of the invention
are aqueous composition, which may be buffered. In such case when the aqueous
composition contacts the target tissue or organ within the body a hydrogel is formed.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, water is present in an amount
from 75 to 85%, more particularly from 76 to 83%, by weight (wt%), with respect to
the total weight of the composition.

The composition of the invention may also comprise further components, such as for
example mineral cofactors, more particularly cofactors for Matrix metalloproteinases
(MMPs). As used herein, “cofactor” refers to an agent that activates an enzyme, more
particularly an endopeptidase, such as MMP.

Examples of mineral cofactors of the formulation may include zinc compounds,
calcium compounds, manganese compounds, and magnesium compounds.
Particularly suitable mineral cofactors are zinc cofactors such as zinc oxide, zinc

gluconate, zinc amino acid chelates or mixtures thereof.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the composition comprises a
mineral cofactor, more particularly a mineral cofactors for Matrix metalloproteinases
(MMPs), more particularly a zinc cofactor, even more particularly zinc oxide. The
cofactor may be present in the composition in an amount from 4 to 10 wt% by weight,
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more particularly 6 to 8% by weight, with respect to the total weight of the

composition.

The compositions of the invention are biodegradable. This means that it is
bioresorbed or degraded or broken down into components that are well tolerated by
the body of the patient. Thus, there is no need to remove the composition of the
invention once applied to the body.

In one embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the invention refers to topical
compositions. For the purposes of the present invention, the term "topical" refers to
the local administration of the composition other than systemic (i.e., parenteral and

enteral) administration.

As mentioned above the base composition of the invention may also be used as a
platform for the local and sustained delivery of active agents. Thus, the invention also
relates to a pharmaceutical or veterinary composition comprising the base
composition as defined above and a therapeutically effective amount of one or more
further active agents.

The compositions of the invention do not include a topical composition comprising:
from 0.6 to 1.5 wt% of a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof, from 0.75 to 25 wt% of one or more adhesive agents, and
from 1.5 to 2.5 wt% of a non-absorbable antibiotic. This specific composition is
described in the PCT application PCT/EP2016/053928 filed on 25.02.2016.

In particular, the topical composition containing hyaluronic acid sodium salt (1 wt%),
methylcellulose (2 wt%), Pluronic acid F127 (20 wt%), Rifaximin (2 wt%), and water
(75 wt%), and the topical composition containing hyaluronic acid sodium salt (1 wt%),
methylcellulose (2 wt%), Rifaximin (2 wt%), and water (95 wt%), wherein the average
Molecular weight of the hyaluronic acid sodium salt is 1.5 x 106 — 4 x 106 Daltons,
the approximate Molecular Weight of methyl cellulose is 14000 g/mol, with methoxy
substitution between 27.5-31.5% (w), and the average molecular weight of pluronic
acid is 12600 Daltons, do not form part of the present invention.

Thus, in one embodiment the invention relates to a composition comprising the base
composition as previously defined and a therapeutically effective amount of one or
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more further active agents; with the condition that the composition is other than a
topical composition containing hyaluronic acid sodium salt (1 wt%), methylcellulose (2
wt%), Pluronic acid F127 (20 wt%), Rifaximin (2 wt%), and water (75 wt%), and other
than a topical composition containing hyaluronic acid sodium salt (1 wt%),
methylcellulose (2 wt%), Rifaximin (2 wt%), and water (95 wt%), wherein the average
Molecular weight of the hyaluronic acid sodium salt is 1.5 x 106 — 4 x 106 Daltons,
the approximate Molecular Weight of methyl cellulose is 14000 g/mol, with methoxy
substitution between 27.5-31.5% (w), and the average molecular weight of pluronic
acid is 12600 Daltons.

The expression "therapeutically effective amount” as used herein, refers to the
amount of the composition of the invention that, when administered, is sufficient to
prevent development of, or alleviate to some extent, one or more of the symptoms of
the disease which is addressed. The specific dose of the composition to obtain a
therapeutic benefit may vary depending on the particular circumstances of the case.

For the purposes of the invention, each component of the composition as defined
above must be pharmaceutically or veterinary acceptable in the sense of being
compatible with the other ingredients of the composition. It must also be suitable for
use in contact with the tissue or organ of humans and animals without excessive
toxicity, irritation, allergic response, immunogenicity or other problems or
complications commensurate with a reasonable benéfit/risk ratio.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the composition further
comprising one or more further active agents as herein defined is stable without
encapsulation of the further active agent by the poloxamer. In this embodiment, the
composition of the invention is obtainable by mixing in any order a hyaluronic acid or
a pharmaceutically or veterinary acceptable salt thereof, two thermoreversible
adhesive agents, being one of them a poloxamer, and a therapeutically effective
amount of one or more further active agents, wherein the weight ratio between the
poloxamer and the hyaluronic acid or its salt is from 60:1 to 10:1.

Thus, it also forms part of the present invention a pharmaceutical or veterinary
composition comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof as active agent,
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b) from 10 to 25 wt% of two thermoreversible adhesive agents, being one of the
adhesive agents a poloxamer, wherein

thermoreversible means that the adhesive agent is capable to form a composition
that is liquid at room temperature and a gel at body temperature, and

¢) a therapeutically effective amount of one or more further active agents,

wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1;

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or
less than 100%; with the condition that the further active agent is other than a non-
absorbable antibiotic, wherein non-absorbable means that the antibiotic is capable of
providing activity only locally in the gut; wherein the composition is obtainable by
mixing in any order a hyaluronic acid or a pharmaceutically or veterinary acceptable
salt thereof, two thermoreversible adhesive agents, being one of them a poloxamer,
and a therapeutically effective amount of one or more further active agents, wherein
the weight ratio between the poloxamer and the hyaluronic acid or its salt is from 60:1
to 10:1.

The above described preparation process comprising mixing the components,
particularly in water or a buffer, and stirring until achieving the complete dissolution
thereof is also part of the present invention.

In one particular embodiment, optionally in combination with one or more features of
the various embodiments described above or below, the active agent to be delivered
by the base composition is selected from the group consisting of monoclonal
antibodies (infliximab, adalimumab, vedolizumab, natalizumab, certolizumab),
cytostatic drugs (irinotecan, oxaliplatin, cisplatin), antiangiogenic drugs (cetuximab,
bevacizumab, axitinib, pazopanib, sutinib, vamdetanib, aflibercept), and anti-
inflamatory (naproxen, diclofenac, celecoxib, COX-2 inhibitors, ibuprofen, salicylates,
corticosteroids, propionic acid and enolic acid derivatives drugs), antimicrobial
agents, and probiotics or combinations of probiotics. Non limiting examples of
probiotics that can be used include Streptococcus, Lactobacillus, Bifidobacterium or
combinations thereof, such as for example a composition containing Lactobacillus
Reuteri (Reuteri®, Casenbiotic®); a composition containing Lactobacillus Acidofilus,
Bifidobacterium Bifidum, Lactobacillus Bulgaricus, Streptoccocus Thermophilus
(Rotargemine®), Lactobacillus Acidofilus, and Bifidobacterium Bifidum (Casenfilus®,
Infloran®), Streptococcus thermophiles, Bifidobacterium breve, Bifidobacterium lactis,
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Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei,
Lactobacillus Helveticus (VSL#3).

More particularly, the therapeutically active agent is selected from the group
consisting of irinotecan or a pharmaceutically or veterinary acceptable salt thereof,
bevacizumab, cetuximab, aflibercept, and infliximab.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the active agent to be
delivered by the base composition is selected from the group consisting of
monoclonal antibodies (infliximab, adalimumab, vedolizumab, natalizumab,
certolizumab), cytostatic drugs (irinotecan, oxaliplatin, cisplatin), antiangiogenic drugs
(cetuximab, bevacizumab, axitinib, pazopanib, sutinib, vamdetanib, aflibercept), anti-
inflamatory drugs (naproxen, diclofenac, celecoxib, COX-2 inhibitors, ibuprofen,
salicylates, corticosteroids, propionic acid and enolic acid derivatives drugs),
absorbable antibiotics, and probiotics or combinations of probiotics (Streptococcus,
Lactobacillus, and Bifidobacterium or combinations thereof).

The term “absorbable antibiotic” is defined herein by contrast to “non-absorbable
antibiotics”. While absorbable antibiotics refer to compounds having antibacterial
properties that show a systemic absorption, “non-absorbable antibiotics” refer to
compounds having antibacterial properties which are poorly or not absorbed from the
lumen, i.e., they provide activity only locally in the gut and have a negligible systemic
absorption.

Non-limiting examples of absorbable antibiotics include quinolones such as
norfloxacin, levofloxacin, ciprofloxacin, and the like; cephalosporins such as
ceftriaxone, cefotaxime and the like; penicillins such as amoxyecillin, ampicillin, and

the like; and macrolides such as erythromycin, metronidazole, and the like.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the amount of active agent to
be delivered by the base composition is from 0.01 to 25%, more particularly from 1 to
20%, more particularly from 1 to 15% by weight (wt%) with respect to the total weight
of the composition.

A mentioned above it also forms part of the pre-loaded injection device comprising
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the composition as previously defined, and a kit comprising this injection device, a
delivery device that is suitable to be coupled to the injection device, and instructions
for use.

The injection device may be any device appropriate for administering the composition
of the invention that is suitable to be coupled or connected to the delivery device.
Non-limiting examples of injection devices include syringes or jet injectors.

The delivery device can be any tubular device having a lumen that is suitable to be
coupled or connected to the injection device and is capable to deliver the composition
of the invention to its action site. Non-limiting examples of delivery devices include
catheters.

In one embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the delivery device has a smaller
diameter than the diameter of the endoscope diameter.

For example, the compositions of the invention can be applied by using an
appropriate delivery device or system such as a catheter which can be introduced via
an endoscope. Thus, for this therapeutic application, the delivery device has a
smaller diameter than the diameter of the endoscope.

The endoscope can be the same endoscope used to carry out the therapeutic
endoscopy.

Generally, gastrointestinal endoscopes have diameter in the range of 2.8-3.4 mm and
a length of 160 cm. In one particular embodiment, the delivery device has a diameter
lower than 2.8 mm, more particularly, lower than 2.2 mm, and a length higher than
160 cm, more particularly higher than 200 cm. For example, the length of the delivery
device may be 230 cm.

The skilled in the art will know the injection device to be chosen depending on the
delivery device to be used so that the composition may be administered by using an
adequate force.

For example, in one embodiment, optionally in combination with one or more features

of the various embodiments described above or below, the invention relates to a
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delivery device, particularly a catheter, comprising the composition as previously
defined, wherein the delivery device has a diameter in the range of 2.0-2.2 mm, and
the injector device is a syringe. In this case, the composition may be administered by
applying a force of about 2-3 atmospheres.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the invention relates to a delivery
device, particularly a catheter, comprising the composition as previously defined,
wherein the delivery device has a diameter in the range of 0.6-0.8 mm, and the
injector device is a jet injector. In this case, the composition may be administered by
applying a force of about more than 5 atmospheres.

As mentioned above, the base composition as defined above may be used in the
treatment of mucosal lesions and/or for the prevention of complications derived from

mucosal lesions.

In another embodiment, optionally in combination with one or more features of the
various embodiments described above or below, the mucosal lesions are induced by
thermal injury, and more particularly, thermal injury associated or caused by
therapeutic endoscopy.

As used herein, thermal injury refers to an injury caused by either extreme cold or
heat which alters or damages the tissue, chemical or electrical burn which alters or
damages the tissue, or chemical or electrical trauma which alters or damages the
tissue.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the invention relates to a
composition as defined above for use in the prevention of postpolypectomy

syndrome.

In another particular embodiment, optionally in combination with one or more features
of the various embodiments described above or below, the invention relates to the
composition as defined above for use in the treatment and/or prevention of mucosal
lesions secondary to radiotherapy (actinic proctitis).

In another particular embodiment, optionally in combination with one or more features
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of the various embodiments described above or below, the invention relates to the
composition as defined above for use in the treatment and/or prevention of mucosal
lesions which are mucosal perforations, more particularly gastrointestinal
perforations. More particularly, the invention relates to the composition as defined
above may be used as adjuvant therapy to mechanical treatments in gastrointestinal
perforations, more particularly, gastrointestinal perforations secondary to endoscopy.

Additionally, the composition of the invention is also useful as coadyuvant therapy in
surgical procedures in the gastrointestinal tract, such us intestinal anastomoses,
which is a surgical procedure to establish communication and restore intestinal
continuity between two formerly distant portions of the intestine, after removal of a
pathological condition affecting the bowel. It is also useful as sealant treatment in
leaks or fistulas in the gastrointestinal tract.

As mentioned above, the compositions of the invention show a higher mucosal
healing rate and a higher physiological healing, while reducing at the same time the
fibrotic healing in comparison to a composition consisting only of hyaluronic acid.

As used herein, the term “physiological healing” refers to the restoration of damaged
living tissue, organs and biological system to normal function. It is the process by
which the cells in the body regenerate and repair to reduce the size of a damaged or
necrotic area. The term "fibrotic healing" refers to the temporal and progressive
deposition of fibrous tissue over the affected tissue during fibrosis. Generally, when
fibrotic healing occurs, a scar is formed which may be cumbersome and vulnerable to
repeated trauma.

As mentioned above, the invention also relates to a pharmaceutical or veterinary
composition comprising one or more further active agents in addition to hyaluronic
acid or its salt. In one aspect, the invention relates to a pharmaceutical or veterinary
composition comprising one or more further active agents in addition to hyaluronic

acid or its salt as defined above for use as a medicament.

In one embodiment the composition of the invention comprises an additional active
agent selected from the group consisting of irinotecan or their pharmaceutically or
veterinary acceptable salts, bevacizumab, infliximab, and cetuximab. In this
embodiment, the composition may be used to prevent tumor recurrence in colorectal

cancer. Thus, the invention relates to a pharmaceutical or veterinary composition as
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defined above, wherein the active agent is selected from the group consisting of
irinotecan or their pharmaceutically or veterinary acceptable salts, bevacizumab,
infliximab, and cetuximab, for use in the prevention of colorectal cancer recurrence.
This aspect relates to the use of an active agent selected from the group consisting of
irinotecan or their pharmaceutically or veterinary acceptable salts, bevacizumab,
infliximab, and cetuximab, for the manufacture of a pharmaceutical or veterinary
composition as defined above for the prevention of colorectal cancer recurrence. It
may also be formulated as a method for the prevention of colorectal cancer
recurrence in a patient in need thereof, which comprises administering a
therapeutically effective amount of a pharmaceutical or veterinary composition as
defined above comprising an active agent selected from the group consisting of
irinotecan or their pharmaceutically or veterinary acceptable salts, bevacizumab,
infliximab, and cetuximab, to a subject in need thereof, including a human.

In another embodiment the composition of the invention comprises infliximab and
may be used to perform topical treatment in refractory inflammatory lesions, such as
inflammatory bowel disease. Thus, the invention relates to a pharmaceutical or
veterinary composition as defined above, which comprises infliximab, for use in the
topical treatment in refractory inflammatory lesions, such as inflammatory bowel
disease. This aspect relates to the use infliximab, for the manufacture of a
pharmaceutical or veterinary composition as defined above for the topical treatment
in refractory inflammatory lesions, such as inflammatory bowel disease. It may also
be formulated as a method for the topical treatment in refractory inflammatory
lesions, such as inflammatory bowel disease, in a patient in need thereof, which
comprises administering a therapeutically effective amount of a pharmaceutical or
veterinary composition as defined above comprising infliximab, to a subject in need
thereof, including a human.

Throughout the description and claims the word "comprise” and variations of the
word, are not intended to exclude other technical features, additives, components, or
steps. Furthermore, the word “comprise” encompasses the case of “consisting of”.
Additional objects, advantages and features of the invention will become apparent to
those skilled in the art upon examination of the description or may be learned by
practice of the invention. The following examples and drawings are provided by way
of illustration, and they are not intended to be limiting of the present invention.
Furthermore, the present invention covers all possible combinations of particular and
preferred embodiments described herein.
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Examples

Chemicals used:

Hyaluronic acid sodium salt (from rooster comb): Also known as: Poly(beta-
glucuronic acid-[1->3]-beta-N-acetylglucosamine-[1->4]); Average Molecular weight:
1.5x106 — 4 x 106 Daltons.

Methyl cellulose: Also known as: Methocel A®, Methylcellulose A, Methyl cellulose
ether. Approximate Molecular Weight: 14000 g/mol: Cellulose, with methoxy
substitution between 27.5-31.5% (w).

Pluronic® F127: Also known as: poloxamer 407, PPG-PEG-PPG; Pluronic(R)-F-68;
Poly(ethylene glycol-ran-propylene glycol); Polyoxyethylene-polyoxypropylene Block
Copolymer; Molecular Formula: C5H1404; Molecular Weight: 138.16226 g/mol.
Average molecular weight: 12600 Daltons.

Example 1 - Preparation of the base composition

In 2 100 mL beaker, 2 g of the surfactant Pluronic F127 on 10 mL of distilled water
were added and the mixture was stirred at 500 rpm until complete dissolution. Then
0.05 g of hyaluronic acid sodium salt were added and the mixture was stirred at 500
rpm for 10 minutes until complete dissolution of hyaluronic acid. Then, 0.2 g of
methylcellulose was added and stirred until completely dissolved. The sample was
stored in the refrigerator to remove bubbles. Thus, the following composition having a
pH = 3 was obtained:

Component Amount %

Hyaluronic acid sodium salt 0.05¢ 0.4
Methylcellulose 0.2¢9 1.6
Pluronic acid F127 209 16.4
Water 10 mL 81.6

Example 2 - Preparation of a composition containing infliximab

9.5 mL of the composition of example 1 were placed in a 50 mL beaker. The pH of
the solution was raised from 3 to 10 by the addition of triethylamine (TEA). Finally,
0.5 mL of an infliximab stock solution having a concentration of 10 mg/mL was
added. The final concentration of infliximab in the final composition was 0.5 mg/mL.
Thus, the following composition was obtained:
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Component Amount %
Hyaluronic acid sodium salt 0.048 g 0.4
Methylcellulose 0.19¢ 1.55
Pluronic acid F127 199 15.7
Infliximab (10 mg/mL solution) 0.5mL 4.1
Water 9.5 mL 78.25

Example 3 - Preparation of a composition containing irinotecan

9.35 mL of the composition of example 1 were placed in a 50 mL beaker. Then, 0.65
mL of a irinotecan stock solution having a concentration of 20 mg/mL was added. The

5 final concentration of irinotecan in the final composition was 1.3 mg/mL. Thus, the
following composition was obtained:
Component Amount %
Hyaluronic acid sodium salt 0.047 g 0.39
Methylcellulose 0.19¢ 1.61
Pluronic acid F127 199 15.7
Irinotecan (20 mg/mL solution) 0.65 mL 5.3
Water 9.35 mL 77.0
Hydrogel characterization
10  Adhesion tests
A Texture Analyser TA.XT Plus was used to determine the texture properties of the
hydrogels. A 40 mm (diameter) disk was compressed into the gel and redrawn. The
method settings, including speed rate at 1 mm/s and distance (depth of the insertion)
of 9 mm were assessed at 22 °C and 37 °C. Hydrogels of Examples 1, 2 and 3 were
15  tested and the results shown in table 1 below were obtained:
At 22°C At 37 °C
Adhesion (mN/s) SD Adhesion (mN/s) SD
Example 1 -24.48 5.34 -3992.93 536.21
Example 2 -44.98 10.69 -2930.02 505.12
Example 3 -42.32 8.07 -1388.14 233.54

All three examples presented a similar and very low adhesion at 22 °C. However,

when the temperature was increased to 37 °C, an immediate gelification was

20  observed. The composition comprising the drug infliximab (-2930.02 mN/s) has a

value similar to the base composition (-3992.93 mN/s) adhesiveness, while the

composition containing irinotecan has a lower value (-1388.14 mN/s), although still is

a very high value to remain adhered to the intestinal mucosa.
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Rheological assay

A rheological study was performed in a rheometer Haake RheoStress with a
C60/1°Ti probe and a gap set of 0.053 mm. Viscosity () was measured as a
function of shear rate (y) of 0 to 300 s-1 at 22 °C and 37 °C. The compositions of
Examples 1, 2 and 3 were tested, and the obtained results are shown in FIG. 1, 2 and
3 respectively.

According to the results obtained, all three compositions presented a non-Newtonian
fluid behaviour. A non-Newtonian fluid is a fluid whose viscosity is not defined or
constant, varying with temperature and the shear stress applied to it. The hydrogel of
Example 1 conformed well to the model Herschel-Bulkley rheological (n=10/y + K-
yn-1) where n is the apparent viscosity and y the shear rate. FIG. 1 shows the
evolution of the represented viscosity of the composition of Example 1 according to
the speed of shear. The product showed an increase in viscosity with temperature,
since the initial viscosity (22 °C) increased from < 1 Pa-sec. to 1550 Pa-sec. at 37 °C.
On the other hand, when the temperature of the composition containing infliximab
was progressively increased, it was observed that the viscosity increased
progressively < 1 Pa-sec at 25 °C to a maximum value of 5000 Pa-sec at 37 °C (FIG.
2). On the other hand, in the case of the composition containing irinotecan, the
maximum viscosity (6200 Pa-sec) was observed at 30 °C. From 30 °C gel break was
observed, and therefore its viscosity decreased as a result of the continuous shearing
of the sample during the test and temperature ramp (FIG. 3).

Hydrogel characterization

Gelification test

The behaviour of the hydrogels of examples 2 and 3 at room temperature and at
body temperature was checked. To do this, the viscosity was checked at room
temperature by injecting the tested compositions through a catheter (160 cm long -
2.8 mm internal diameter). Both samples showed a fluid behaviour and suitable for
injection. Then, the gelification test was performed. For this purpose, a certain
volume of each of the compositions was introduced in a glass blister, then placed in
an oil bath at 37 °C and stirred (200 rpm) for 10, 20 and 30 minutes. For each time,
the blister was rotated 180 degrees and looked at whether the dressing had gelled or
not. In both cases gelification was observed indicating that the compositions had
changed their viscosity with temperature.
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Stability of the composition

For the purpose of studying the stability of the composition, 0.1 mL of the base
composition (example 1) were deposited in a glass preheated to 37 °C with an
inclination of 60°. The distance covered by the composition before gelification was
measured. Gelification was identical in fresh samples and in samples stored for 3
months, both compositions gelling instantly. Thus, the base composition of example 1
maintained its rheological properties for at least 3 months refrigerated below 8 °C.

Drug delivery
In vitro delivery drug studies, performed to analyze the kinetics of Indigo Carmine

release from the example 1 composition in PBS at 37° C during 24 hours, showed the
ability of the composition of the invention to release in a sustained manner
substances such as indigo carmine. To do this, 50 pL of 4% Indigo carmine solution
was added to 950 pL of example 1 composition, and then it was deposited in one well
of a 6-well culture plate and filled with 4mL of PBS. Additionally, 50 uL of 4% indigo
carmine were added to 4 mL of PBS in other well (total release control), 1 mL of
example 1 composition in 4 mL of PBS in other well and 4 mL of PBS in the last well
(acting, both, as negative controls). A 100 uL sample was collected of each well at
times 0, 1, 2, 4, 6, 12 and 24 hours. Indigo carmine concentration in PBS medium
was quantified by colorimetric analysis (FIG. 4).

During the first 6 hours, more than 70% of the drug was already delivered from the
composition of example 1. In the figure, indigo carmine absorbance at 611 nm was
recorded, compared to control PBS (crosses), and two negative controls: the

composition of example 1 without indigo carmine (squares) and PBS without indigo

carmine (circles).

Fluid dynamics assay

To assess the pressure injection of the composition (example 1), a dynamic assay
was performed prefilling a catheter (150 cm long - 1.16 mm internal diameter) with
1.58 mL of the composition, attached to an infusion pump (GIP-3000 Infusion Pump)
at 25 mL/min. The equation for laminar flow of the composition through a catheter is:

ard (P — P)
8nl

where i is the radius of the pipe; Py is the the pressure at the end of the pipe; P is

Flowrate =
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the pressure needed to flush; n is the fluid’s viscosity and | is the lenght of the pipe.

Pressure needed to flush the composition was recorded in mmHg. Four samples
were assessed: saline (A), example 1 (C), comparative composition 1 (B), and
comparative composition 2 (D). See FIG. 5.

Comparative compositions 1 and 2 correspond to the composition of example 1 with
different amounts of the components. Thus, in comparative composition 1 (B) the
percentage of methylcellulose and pluronic acid is 9.8% and in comparative
composition 2 (D) the percentage of methylcellulose and pluronic acid is 30.4%. In
both cases, the weight ratio between the pluronic acid and the hyaluronic acid sodium
saltis 40:1.

The results showed that higher viscosity of the fluid needed higher pressure to flow.
Pressures higher than 400 mmHg are not generally suitable to be used for fluid
injections since this pressure is too high to maintain an adequate flow. On the other
hand, when the comparative composition 1 (B) was placed on a plate at 37 °C it was
observed that the composition did not form a gel.

Preclinical studies

Experimental model of TNBS induced Colitis

Twenty-four male Sprague-Dawley rats weighing 380-400 g (Harlan Laboratoires,
Barcelona) were housed individually in polycarbonate box cages with free access to
water and food (Teklad Global 2014; Harlan Laboratories Models SL, Barcelona,
Spain). The protocol was approved by the Institutional Animal Care and Use
Committee of Hospital Universitari Germans Trias i Pujol.

Study design:

Day -3: Colitis was induced by intrarectal administration of 30 mg TNBS (Sigma-
Aldrich Corp., St. Louis, MO) in 50% ethanol.

Day 0: Animals were randomized into three treatment groups as follows:

* Group 1: 8 rats with TNBS-induced colitis treated with the composition of example 2
(infliximab 0.5 mg/mL).

* Group 2: 8 rats with TNBS-induced colitis treated with the composition base of
example 1.

* Group 3: 8 rats with TNBS-induced colitis with no treatment (control).

Day 3: macroscopic follow-up (colonoscopy).
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Day 8: macroscopic follow-up and sacrifice
Ponderal evolution and appearance of stool were recorded during the study.

Procedures:

TNBS was rectally instilled via a female urinary catheter (DCT Ch 10, Servoprax
GmbH, Wesel, Germany). After removal of residual rectal fecal pellets, the catheter
was advanced approximately to the splenic flexure. After instillation, the rats were
held with the head down for one minute to prevent TNBS from leaking out. The colitis
was evaluated with full colonoscopy performed using an endoscope Olympus 260
Lucera -HDTV / NBI / AFI with an outer diameter of 4.9 mm and a working channel of
2 mm, where the presence of ulcers (size and position) was recorded and proceed to
the administration of the tested compositions through the working channel of the
endoscope on the lesions.

Macroscopic colitis severity was assessed using video endoscopy, a method that
provides a robust clinical readout of disease severity. Images were scored by a
pathologist without any information regarding the group: 0 = normal, 1 = loss of
vascularity, 2 = loss of vascularity and friability, 3 = friability and mucosal erosions,
and 4 = ulcerations and bleeding. After sacrifice, the colon was collected and rinsed
with ice-cold Krebs solution. The colon was opened longitudinally and pinned out on
a Petri dish to examine colonic mucosa. The mucosal surface of the distal colon was
inspected with a binocular microscope (Harvard Apparatus; Panlab, Barcelona,
Spain). Full-thickness samples of 4 cm were taken from ulcerated and healthy areas.
Segments were fixed in 4% formaldehyde for 24 h, embedded in paraffin, and cross
sections of 5 mm were stained with hematoxylin and eosin. Histologic sections were
examined using a conventional microscope (Olympus). Histological study of the
specimens was assessed according to damage score.

The following results were obtained:

The treatment with the composition of example 2 significantly improved the clinical
condition of the animals (weight evolution, and stool appearance) when compared to
the control group. The use of the composition of example 1 also improved, but not
significantly compared to controls. Similarly, the weight of the colon, was also lower in
animals treated with Tri-Bio + IFX when compared to controls.

Histologic score also showed that treatment significantly reduced the ulcer and the
presence of necrosis and fibrosis. Clinical evolution of the animals showed that
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ponderal restoration was significantly better with example 2 (IFX delivery platform). In
this sense, stool appearance and colon weight were normalized with example 2.
Mucosal healing, that confirms clinical efficacy, demonstrates a protective effect of
the platform alone, but even a better outcome when it is used as a drug delivery

5 system. These results show than bioadhesive platform induce mucosal restoration
with clinical improvements. These results confirm than bioadhesive platform induce

mucosal restoration with clinical improvements.

PCT/EP2017/068876

| Example2 | Example1 | Control
Ponderal evolution (% Variation)
Day 0 -7.9421 -6.41£1.8 -9.441.8
Day 3 -5.242.7~ -11.44£5.2 -15.7£3.6
Day 8 (sacrifice) 2.2+2.3" -8.9+4 1 17175

Macroscopic features

Stool appearance Normal liquid Presence of
blood
Colon weight (g/cm) 0.24+0.79" 0.48+0.03 0.65+0.41
Histologic score (descriptive)
Ulceration (area) 2.1+£2.0" 9.844.6 14.2+11.1
Necrosis 0.6+0.8* 1.840.4 2.0£0.0
Fibrosis 0.5+0.8* 1.4+0.5 1.31£0.6
*p<0.05 vs. control
10
Degradation test
MATERIALS
¢ 1 Sprague-Dawley male rat.
e 3 blood Agar plates (Columbia agar + 5% sheep blood, Biomerieux, France).
15 This culture media is highly nutritious and therefore adapted to the culture of
most bacterial species, regardless of their metabolism.
e The following compositions were tested:
A: Composition of the invention of Example 1 having the following composition
Component Amount (% wiw)
Hyaluronic acid sodium salt 0.4
Methylcellulose 1.6
Pluronic acid F127 16.4
Water 81.6
Total 100
20 e B: Comparative composition 3 (without Pluronic F127)
Component Amount (% wiw)

Hyaluronic acid sodium salt

0.4
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Component Amount (% wiw)
Methylcellulose 3.2
Water 95
Total 100

e C: Comparative composition 4 (without Methylcellulose)

Component Amount (% wiw)
Hyaluronic acid sodium salt 0.4
Pluronic acid F127 16.4
Water 83.2
Total 100

e NaCl 0.9% (w/v) in water (saline)
e Indigo carmine solution (4%)

METHODS

Rat was anesthetized by isoflurane inhalation (1.5% with 98% O,) and placed in
“Trendelenburg” position. Twenty mL of saline were intracolonically instilled trough a
catheter, and 2 mL were recovered in order to obtain colonic bacterial flora (colonic
lavage). 100 yL of colonic lavage was plated on plates 1, 2 and 3 and cultured at 37
°C for 24h. At this time all plate surfaces were full of bacterial colonies and ready to
be used. 50 uL of indigo carmine solution was added to 950 uL of each composition
(A, B and C). 1 mL of the composition of example 1 (A) was added to plate number 1.
1 mL of the comparative composition 2 (without pluronic F127) (B) was added to
plate number 2. 1 mL of the comparative composition 3 (without methylcellulose) (C)
was added to plate number 3. The three plates were incubated at 37°C for 72 hours.
They were photographed att =0, t=6 h, t = 24h, t = 36h and t = 48h.

RESULTS:
The results are shown in FIG. 6.

- Plate 1: The composition of example 1 (A) deposited on the plate seeded with
colonic lavage maintained, with very low degradation, its integrity for at least 48h. The
red to yellow color change was due to the acidification of the agar medium caused by
the fermentation of the bacteria that are degrading the agar.

- Plate 2: The comparative composition 3 (without Pluronic F127) (B) deposited on
the plate seeded with colonic lavage, showed a degradation of its integrity faster than
the example 1 showing a high degradation at 24h and a total degradation at 48h.
Also, the acidification of agar by bacterial fermentation could be observed at 24 hours
and 72 hours.
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- Plate 3: The comparative composition 4 (without methylcellulose) (C) deposited on
the plate seeded with colonic lavage, showed the fastest degradation of its integrity,
being almost complete in only 6 hours.

CONCLUSIONS:

According to the obtained results, the simultaneous presence of the two adhesive
agents (Pluronic F127 and methylcellulose) is capable to lengthening its half-life, as
compared to comparative examples 3 and 4, without pluronic or methylcellulose,
respectively, allowing it to be adhered to the targeted site for a longer period for the
local delivery of active agents to the gastrointestinal tract.

Citation List

CA2703807
US20060280797

For reasons of completeness, various aspects of the invention are set out in the
following numbered clauses:

Clause 1. A pharmaceutical or veterinary composition suitable for the delivery of
active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof as active agent, and

b) from 10 to 25 wt% of one or more adhesive agents, wherein at least one of the
adhesive agents is a poloxamer,

in the absence of any further active agent,

wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1;

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or
less than 100%.

Clause 2. The composition according to clause 1, wherein the weight ratio between
the poloxamer and the hyaluronic acid or its salt is from 60:1 to 20:1.

Clause 3. The composition according to any of the clauses 1-2, wherein the
hyaluronic acid or a pharmaceutically or veterinary acceptable salt is hyaluronic acid
sodium salt.
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Clause 4. The composition according to any of the clauses 1-3, wherein the
hyaluronic acid or its pharmaceutically or veterinary acceptable salt is present in an
amount from 0.3 to 0.8 wt% with respect to the total weight of the composition.

Clause 5. The composition according to any of the clauses 1-4, which comprises two
adhesive agents, wherein one of the adhesive agents is a poloxamer.

Clause 6. The composition according to clause 5, wherein the two adhesive agents
are thermoreversible adhesive agents, wherein thermoreversible means that the
adhesive agent is capable to form a composition that is liquid at room temperature
and a gel at body temperature.

Clause 7. The composition according to any of the clauses 5-6, wherein one of the
adhesive agents is a poloxamer, and the other is selected from the group consisting
of polyvinyl acetate (PVA), cellulose derivatives, sodium alginate, starch, dextrin,
polyvinyl alcohol, (poly)vinyl resin, and sodium silicate.

Clause 8. The composition according to any of the claiuses 5-6, wherein one of the
adhesive agents is a poloxamer, and the other is selected from the group consisting
of polyvinyl acetate (PVA), cellulose sodium glycolate, methyl cellulose, carboxy
methylhydroxyethyl cellulose, hydroxyethyl cellulose, propyl cellulose, hydroxypropyl
methylcellulose, ethylcellulose, 3-O-ethylcellulose, hydroxypropyl methylcellulose
phthalate, ethyl(hydroxyethyl)cellulose, 6-O-alkylated cellulose, cellulose octanoate
sulfate, cellulose lauroate sulfate, cellulose stearate sulfate, 6-O-benzylcellulose, 2,3-
di-O-methyl-6-O-benzylcellulose, 2,3-di-O-benzylcellulose, 2,3-di-O-benzyl-6-O-
methylcellulose, 2,3,6- tri-O-benzylcellulose, hydroxypropyl methylcellulose acetate
succinate, O-2-[2-(2- methoxyethoxy)-ethoxy]acetyl cellulose, sodium alginate,
starch, dextrin, polyvinyl alcohol, (poly)vinyl resin, and sodium silicate.

Clause 9. The composition according to any of the claiuses 5-8, wherein the weight
ratio between the poloxamer and the other adhesive agent is from 4:1 to 25:1.

Clause 10. The composition according to clause 9, wherein the weight ratio between
the poloxamer and the other adhesive agent is from 8:1 to 12:1.

Clause 11. The composition according to any of the clauses 5-10, wherein the other
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adhesive agent is a cellulose ether.

Clause 12. The composition according to any of the clauses 5-11, wherein the other
adhesive agent is present in an amount from 0.75 to 3.0 wt% and the poloxamer is
present in an amount from 12 to 20 wt% with respect to the total weight of the

composition,

Clause 13. The composition according to any of the clauses 1-12, which is an
agueous composition.

Clause 14. The composition according to any of the clauses 1-13, which is obtainable
by mixing in any order a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof, and the adhesive agents, being one of them a poloxamer,
wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1.

Clause 15. A pharmaceutical or veterinary composition suitable for the delivery of
active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary
acceptable salt thereof as active agent,

b) from 10 to 25 wt% of one or more adhesive agents, wherein at least one of the
adhesive agents is a poloxamer, and

¢) clausea therapeutically effective amount of one or more further active agents;
wherein the weight ratio between the poloxamer and the hyaluronic acid or its salt is
from 60:1 to 10:1;

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or
less than 100%;

with the condition that:

either the further active agent is other than a non-absorbable antibiotic, or
alternatively,

the composition is other than a topical composition comprising: from 0.6 to 1.5 wt% of
a hyaluronic acid or a pharmaceutically or veterinary acceptable salt thereof, from
0.75 to 25 wt% of one or more adhesive agents, and from 1.5 to 2.5 wt% of a non-



CA 03069595 2020-01-10

WO 2018/019881 PCT/EP2017/068876

10

15

20

25

30

35

33

absorbable antibiotic; or alternatively,

the composition is other than a topical composition comprising: from 0.6 to 1.5 wt% of
a hyaluronic acid or a pharmaceutically or veterinary acceptable salt thereof, from
0.75 to 25 wt% of two thermoreversible adhesive agents, and from 1.5 to 2.5 wt% of
a non-absorbable antibiotic; or alternatively,

the composition is other than a topical composition comprising: from 0.6 to 1.5 wt% of
a hyaluronic acid or a pharmaceutically or veterinary acceptable salt thereof, from 10
to 25 wt% of of two thermoreversible adhesive agents, and from 1.5 to 2.5 wt% of a
non-absorbable antibiotic; or alternatively,

the composition is other than a topical composition containing hyaluronic acid sodium
salt (1 wt%), methylcellulose (2 wt%), Pluronic acid F127 (20 wt%), Rifaximin (2
wt%), and water (75 wt%), and other than a topical composition containing hyaluronic
acid sodium salt (1 wt%), methylcellulose (2 wt%), Rifaximin (2 wt%), and water (95
wt%), wherein the average Molecular weight of the hyaluronic acid sodium salt is 1.5
x 106 — 4 x 106 Daltons, the approximate Molecular Weight of methyl cellulose is
14000 g/mol, with methoxy substitution between 27.5-31.5% (w), and the average
molecular weight of pluronic acid is 12600 Daltons.

Clause 16. The composition according to clause 15, wherein non-absorbable means
that the antibiotic is capable of providing activity only locally in the gut.

Clause 17. The composition according to any of the clauses 15-16, wherein the
further active agent is selected from the group consisting of monoclonal antibodies
(infliximab, adalimumab, vedolizumab, natalizumab, certolizumab), cytostatic drugs
(irinotecan, oxaliplatin, cisplatin), antiangiogenic drugs (cetuximab, bevacizumab,
axitinib, pazopanib, sutinib, vamdetanib, aflibercept), anti-inflamatory drugs
(naproxen, diclofenac, celecoxib, COX-2 inhibitors, ibuprofen, salicylates,
corticosteroids, propionic acid and enolic acid derivatives drugs), antimicrobial
agents, and probiotics or combinations of probiotics (Streptococcus, Lactobacillus,
and Bifidobacterium or combinations thereof).

Clause 18. The composition according to claim 17, wherein the antimicrobial agents
are absorbable antibiotics.
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Clause 19. The composition according to clause 18, wherein absorbable antibiotic
means a compound having antibacterial properties that show a systemic absorption.

Clause 20. The composition according to clause 18, wherein the absorbable antibiotic
is selected from the group consisting of quinolones (norfloxacin, levofloxacin,
ciprofloxacin); cephalosporins (ceftriaxone, cefotaxime); penicillins (amoxycillin,
ampicillin); and macrolides (erythromycin, metronidazole).

Clause 21. The composition according to any of the clauses 15-20, which is
obtainable by mixing in any order a hyaluronic acid or a pharmaceutically or
veterinary acceptable salt thereof, the adhesive agents, and a therapeutically
effective amount of one or more further active agents, wherein the weight ratio
between the poloxamer and the hyaluronic acid or its salt is from 60:1 to 10:1.

Clause 22. An injection device comprising the composition as defined in any of the
clauses 1-21.

Clause 23. A kit comprising the injection device as defined in clause 22, and a
delivery device suitable to be coupled to the injection device.

Clause 24. A pharmaceutical or veterinary composition as defined in any of the
clauses 1-14, for use in the topical treatment of mucosal lesions and/or for the

prevention of complications derived from mucosal lesions.

Clause 25. A pharmaceutical or veterinary composition as defined in any of the
clauses 15-21, wherein the active agent is selected from the group consisting of
irinotecan and their pharmaceutically or veterinary acceptable salts, bevacizumab,
cetuximab, aflibercept, and infliximab, for use in the prevention of colorectal cancer

recurrence.



Claims

1. A pharmaceutical or veterinary composition for the delivery of active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary acceptable
salt thereof as active agent, and

b) from 10 to 25 wt% of two thermoreversible adhesive agents, wherein one of the
adhesive agents is a poloxamer, and the other adhesive agent is selected from the group
consisting of methyl cellulose, sodium alginate, starch, polyvinyl alcohol, and sodium silicate,

wherein thermoreversible means that the adhesive agent is capable of forming a
composition that is liquid at room temperature and a gel at body temperature, in the absence of
any further active agent,

wherein the weight ratio between the poloxamer and the hyaluronic acid or a salt thereof
is from 60:1 to 10:1; and

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or less than
100%.

2. The compasition according to claim 1, wherein the weight ratio between the poloxamer and
the hyaluronic acid or a salt thereof is from 60:1 to 20:1.

3. The composition according to any one of claims 1-2, wherein the hyaluronic acid or a
pharmaceutically or veterinary acceptable salt thereof is hyaluronic acid sodium salt.

4. The composition according to any one of claims 1-3, wherein the hyaluronic acid or a
pharmaceutically or veterinary acceptable salt thereof is present in an amount from 0.3 to 0.8
wi% with respect to the total weight of the composition,

5. The composition according to any one of claims 1-4, wherein the weight ratio between the
poloxamer and the other adhesive agent is from 4.1 to 25:1,.

6. The composition according to any one of claims 1-5, wherein the other adhesive agent
selected from the group consisting of methyl cellulose, sodium alginate, starch, polyvinyl alcohol,

and sodium silicate is present in an amount from 0.75 to 3.0 wt% and the poloxamer is present
in an amount from 12 to 20 wit% with respect to the total weight of the composition.

35
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7. The composition according to any one of claims 1-6, wherein the composition is an aqueous
compositicn.

8. A pharmaceutical or veterinary compositiqn for the delivery of active agents comprising:

a) from 0.25 to 1.5 wt% a hyaluronic acid or a pharmaceutically or veterinary acceptable
salt thereof as active agent,

b) from 10 to 25 wt% of two thermoreversible adhesive agents, wherein one of the
adhesive agents is a poloxamer, and the other adhesive agent is selected from the group
consisting of methyl cellulose, sodium alginate, starch, polyvinyl alcohol, and sodium silicate,
wherein thermoreversible means that the adhesive agent is capable of forming a composition
that is liquid at room temperature and a gel at body temperature, and

c) one or more further active agents;

wherein the weight ratio between the poloxamer and the hyaluronic acid or a salt thereof
is from 60:1 to 10:1; and

wherein all percentages are expressed with respect to the total weight of the
composition, provided that the sum of the amounts of the components is equal to or less than
100% with the condition that the further active agent is other than a non-absorbable antibiotic,
wherein non-absorbable means that the antibiotic is capable of providing activity only locally in
the gut.

9. An injection dévice comprising the composition as defined in any one of claims 1-8.

10. A kit comprising the injection device as defined in claim 9, and a delivery device for coupling
to the injection device.

11. A pharmaceutical or veterinary composition as-defined in any one of claims 1-7, for the
topical treatment of mucosal lesions and/or for the prevention of complications derived from
mucosal lesions.

12. The pharmaceutical or veterinary composition as defined in claim 8, wherein the active agent
is selected from the group consisting of irinotecan and a pharmaceutically or veterinary.

acceptable salt thereof, bevacizumab, cetuximab, aflibercept, and infliximab, for the prevention
of colorectal cancer recurrence.
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