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Tamper resistant dosage form with bimodal release profile manufactured by co-extrusion

The 1nvention relates to a monolithic pharmaceutical dosage form comprising a hot melt-extruded first segment
(S1) and a second segment (S,); wherein the first segment (S;) contains at least a first pharmacologically active
ingredient (A;) and/or the second segment (S,) contains at least a second pharmacologically active ingredient

(A,); and the segment (S;) and/or the segment (S,) 1s tamper-resistant and/or exhibits a breaking strength of at
least 300 N.

BACKGROUND OF THE INVENTION

A large number of pharmacologically active substances have a potential for being abused or misused, 1.e. they
can be used to produce effects which are not consistent with their intended use. Thus, e€.g. opioids which exhibit
an excellent efficacy 1n controlling severe to extremely severe pain are frequently abused to induce euphoric
states similar to being intoxicated. In particular, active substances which have a psychotropic etfect are abused

accordingly.

To enable abuse, the corresponding pharmaceutical dosage forms, such as pharmaceutical dosage forms or
capsules are crushed, for example ground by the abuser, the active substance 1s extracted from the thus obtained
powder using a preferably aqueous liquid and after being optionally filtered through cotton wool or cellulose
wadding, the resultant solution 1s administered parenterally, in particular intravenously. This type of dosage
results 1n an even faster diffusion of the active substance compared to the oral abuse, with the result desired by
the abuser, namely the kick. This kick or these intoxication-like, euphoric states are also reached 1t the powdered

pharmaceutical dosage form 1s administered nasally, 1.e. 1s sniffed.

Various concepts tor the avoidance of drug abuse have been developed.

It has been proposed to incorporate in pharmaceutical dosage forms aversive agents and/or antagonists i a
manner so that they only produce their aversive and/or antagonizing effects when the pharmaceutical dosage
forms are tampered with. However, the presence of such aversive agents 1s principally not desirable and there 1s

a need to provide suificient tamper resistance without relying on aversive agents and/or antagonists.

Another concept to prevent abuse relies on the mechanical properties of the pharmaceutical dosage forms,
particularly an increased breaking strength (resistance to crushing). The major advantage of such pharmaceutical
dosage forms 1s that comminuting, particularly pulverization, by conventional means, such as grinding 1n a
mortar or fracturing by means of a hammer, 1s mmpossible or at least substantially impeded. Thus, the
pulverization, necessary for abuse, of the pharmaceutical dosage forms by the means usually available to a
potential abuser 1s prevented or at least complicated. Such pharmaceutical dosage forms are useful for avoiding
drug abuse of the pharmacologically active ingredient contained therein, as they may not be powdered by

conventional means and thus, cannot be administered in powdered form, e.g. nasally. The mechanical properties,



CA 02933983 2016-06-15

2

WO 2015/091352 PCT/EP2014/077748

particularly the high breaking strength of these pharmaceutical dosage forms renders them tamper resistant. In

the context of such tamper-resistant pharmaceutical dosage forms 1t can be reterred to, e.g., WO 2005/016313,
WO 2005/016314, WO 2005/ 063214, WO 2005/102286, WO 2006/002883, WO 2006/002884, WO
2006/002886, WO 2006/082097, WO 2006/082099 and W0O2009/092601.

Besides tampering of pharmaceutical dosage forms 1n order to abuse the drugs contained therein, the potential
impact of concomitant intake of ethanol on the 1n vivo release of drugs from modified release oral formulations
(dose dumping) has recently become an increasing concern. Controlled or modified release formulations
typically contain a higher amount of the pharmacologically active ingredient relative to 1ts immediate release
counterpart. If the controlled release portion of the formulation 1s easily defeated, the end result 1s a potential
increase 1 exposure to the active drug and possible safety concerns. In order to improve safety and circumvent
intentional tampering (e.g. dissolving a controlled release pharmaceutical dosage form 1n ethanol to extract the
drug), a reduction in the dissolution of the modified release fractions of such formulations, 1n ethanol, may be of
benefit. Accordingly, the need exists to develop new formulations having reduced potential for dose dumping 1n

alcohol.

Furthermore, the release kinetics of the pharmacologically active ingredients 1s an important factor. It 1s well
known that depending on how a pharmaceutically pharmacologically active imngredient 1s formulated into a tablet

1ts release pattern can be modified.

On the one hand, formulations providing immediate release upon oral administration have the advantage that
they lead to a fast release of the pharmacologically active ingredient in the gastrointestinal tract. As a result, a
comparatively high dose of the pharmacologically active ingredient 1s quickly absorbed leading to high plasma
levels within a short period of time and resulting 1n a rapid onset of medicinal action, 1.e. medicinal action begins
shortly after administration. At the same time, however, a rapid reduction 1n the medicinal action 1s observed,
because metabolization and/or excretion of the pharmacologically active ingredient cause a decrease of plasma
levels. For that reason, formulations providing mmmediate release of pharmacologically active ingredients
typically need to be administered frequently, e.g. six times per day. This may cause comparatively high peak
plasma pharmacologically active ingredient concentrations and high fluctuations between peak and trough

plasma pharmacologically active ingredient concentrations which 1n turn may deteriorate tolerability.

Controlled release (e.g. delayed release, prolonged release, sustained release, and the like) may be based upon
various concepts such as coating the pharmaceutical dosage form with a controlled release membrane,
embedding the pharmacologically active ingredient in a matrix, binding the pharmacologically active mgredient
to an 10n-exchange resin, forming a complex of the pharmacologically active ingredient, and the like. In this

context 1t can be referred to, e.g., W.A. Ritschel, Die Tablette, 2. Auflage, Editio Cantor Verlag Aulendort, 2002.

In comparison to formulations providing immediate release, formulations providing prolonged release upon oral
administration have the advantage that they need to be administered less frequently, typically once daily or twice

daily. This can reduce peak plasma pharmacologically active ingredient concentrations and fluctuations between
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peak and trough plasma pharmacologically active ingredient concentrations which in turn may improve

tolerability.

However, especially patients starting their treatment with controlled release formulations often desire a rapid
onset of medicinal action. Therefore, a need exists to develop tamper resistant formulations which provide a

quick medicinal action while at the same time having the benefits of controlled or modified release formulations.

WO 03/024430 relates to a pharmaceutical composition for controlled release of an active substance, wherein the
active substance 1s released 1nto an aqueous medium by erosion of at least one surface of the composition. The
composition comprises 1) a matrix comprising a) polymer or a mixture of polymers, b) an active substance and,
optionally, ¢) one or more pharmaceutically acceptable excipients, and 11) a coating. Zero order release 1s
desirable. The matrix typically comprises PEO and the active substance 1s typically an opioid such as morphine
or a glucuronide thereof. The coating comprises a first cellulose derivative which 1s substantially insoluble 1n the
aqueous medium and at least one of a) a second cellulose derivative which 1s soluble or dispersible in water, b) a

plasticizer, and, d) a filler.

Pharmaceutical dosage forms providing controlled release of an active ingredient are also known from
WO 2010/149169, WO 2004/084869, US 2005/089569, WO 2008/086804, WO 2010/088911,
WO 2010/083843, WO 2008/148798 and WO 2006/128471.

L. Dierickxs ef al. disclose the manufacture of a core/coat dosage form by co-extrusion, wheremn the core
provides sustained drug release of metoprolol tartrate and the coat 1mmediate drug release of
hydrochlorothiazide (L. Dierickxs et al, Eur. J. Pharm. Biopharm. 2012, 81, 683-689; L. Dierickxs et al., Co-
extrusion as manufacturing technique for fixed-dose combination mini-tablets, poster displayed at AAPS annual

meeting 2011).

U. Quintavalle ef al. disclose the preparation of sustained release co-extrudates by hot-melt extrusion, wherein
the inner extruded matrix has a hydrophilic character and the outer extruded matrix has a lipophilic character and

wherein both matrices contained theophylline (U. Quintavalle ef al., Eur. J. Pharm. Sci. 2008, 33, 282-293).

G. C. Olwverra et al. disclose laminar coextrudates manufactured at room temperature which are composed of
three layers, wherein the model drug coumarin 1s only included 1n the inner layer (G. C. Olivewra ef al.,
Production and characterization of laminar coextrudates at room temperature in the absence of solvents, poster

displayed at AAPS annual meeting 2012).

US 2009/0022798 discloses formulations and methods for the delivery of drugs, particularly drugs of abuse,
having an abuse-relevant drug substantially confined in the core and a non-abuse relevant drug 1n a non-core
region. These formulations have reduced potential for abuse. In the formulation, preterably the abuse relevant
drug 1s an op101d and the non-abuse relevant drug 1s acetaminophen or ibuproten. More preferably, the opioid 1s
hydrocodone, and the non-abuse relevant analgesic 1s acetaminophen. In certain preferred embodiments, the

dosage forms are characterized by resistance to solvent extraction; tampering, crushing or grinding. Certain
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embodiments relate to dosage forms providing an maitial burst of release of drug followed by a prolonged period
of controllable drug release. When providing these dosage forms with tamper resistant properties, however, the
initial burst of release of drug is difficult to achieve, as tamper-resistance typically relies on the presence of
polymers that act as release matrix material slowing down the release of the drug from the dosage torm. The
non-core layer of said drug product 1s explicitly applied using a film-coating process. A film-coating process 1s
disadvantageous due to the high cost it produces during manufacturing. The film-forming layer material 1s first
dissolved, then sprayed on the core and finally the solvent 1s removed, all leading to long process times with high
energy consumption. Due to the high amount of active that needs to be present in the film-layer, this 1s a

significant disadvantage for a cost-competitive manufacturing of the drug product.

US 2010/172989 relates to at least one abuse-resistant drug delivery composition for delivering a drug having
potential for dose dumping 1n alcohol, related methods of preparing these dosage forms, and methods of treating

a patient 1n need thereof comprising administering the compositions to the patient.

US 2013/303623 discloses a thermoformed, tamper-resistant pharmaceutical dosage form comprising: a) a
pharmacologically active ingredient; b) a polyalkylene oxide having a weight average molecular weight of more
than 200,000 g/mol; and ¢) a zinc component, wherein the content of said zinc component 1s at least 1 ppm,

relative to the total weight of the pharmaceutical dosage form.

WO 2008/132707 relates to an extrusion process comprising extruding a material that 1s flowable when heated
and passing the extrudate thus formed through a nozzle 10 to shape the extrudate mto a plurality of substantially

uniformly shaped elements such as minispheres or minicapsules.

US 2010/104638 discloses an extended release oral administered dosage form of acetaminophen and tramadol.
The dosage form includes a composition of acetaminophen together with a tramadol complex formed with an
anionic polymer. The tramadol complex provides sustained release of tramadol for a synchronized (coordimnated)

release profile of acetaminophen and tramadol.

The properties of the pharmaceutical dosage forms of the prior art are not satisfactory in every respect.

It 1s an object of the mvention to provide pharmaceutical dosage forms which have advantages over the
pharmaceutical dosage forms of the prior art. The pharmaceutical dosage forms should provide prolonged or
immediate release of a first pharmacologically active ingredient and prolonged or immediate release ot a second
pharmacologically active ingredient, wherein the first pharmacologically active ingredient and/or the second

pharmacologically active ingredient 1s sateguarded trom abuse.

This object has been achieved by the subject-matter of the patent claims.

A first aspect of the invention relates to a monolithic pharmaceutical dosage form comprising

a hot melt-extruded first segment (S;); and

a second segment (S,);
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wherein

the first segment (S;) contains at least a first pharmacologically active ingredient (A ;) and/or the second segment

(S,) contains at least a second pharmacologically active ingredient (A,); and

the segment (S;) and/or the segment (S,) 1s tamper-resistant and/or exhibits a breaking strength of at least 300 N.

In a particularly preferred embodiment, the monolithic pharmaceutical dosage form according to the mvention

COmMprises

a hot melt-extruded first segment (S;) containing a first pharmacologically active igredient (A,); and

a hot melt-extruded second segment (S,) containing a second pharmacologically active ingredient (A»);
wherein

the segment (S;) and/or the segment (S,) 1s tamper-resistant and/or exhibits a breaking strength of at least 300 N;
and
the segment (S;) and/or the segment (S,) provides prolonged release of the pharmacologically active ingredient

(A1) or (A;) contained therein.

Another aspect of the invention relates to a process for the production of said monolithic pharmaceutical dosage

form comprising the steps of

(1) hot melt-extruding a first segment (S;) preferably containing a first pharmacologically active ingredient
(A;); and
(11) preferably hot melt-extruding a second segment (S,) preferably contaimning a second pharmacologically

active imngredient (A»);

wherein step (1) 1s performed before, after and/or sitmultaneously with step (i1).

It has been surprisingly found that tamper-resistant monolithic pharmaceutical dosage forms preferably having a
bimodal release profile which preferably contain a first pharmacologically active ingredient and a second
pharmacologically active ingredient can be prepared by hot melt extrusion. Further, the manufacture of the
monolithic pharmaceutical dosage forms 1s cost-etfective and ensures a consistently high quality. Still further,

patient compliance can be improved by providing a rapid but also prolonged medicinal effect.

Unless expressly stated otherwise, all percentages are by weight (wt.-%).

For the purpose of specification, the term "pharmaceutical dosage form" reters to a pharmaceutical entity which
contains the first pharmacologically active ingredient (A,;) and/or the second pharmacologically active imngredient
(A,) and which 1s to be administered to a patient (dose unit). It may be molded during manufacture, and 1t may
be of almost any size, shape, weight, and color. Preferably, the monolithic pharmaceutical dosage form 1s solid

or semi-solid.

For the purpose of specification, the term "monolithic" means non-multiparticulate. Thus, the monolithic

pharmaceutical dosage form according to the present invention 1s single body or single entity which does not
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comprise any plurality of particles. In this regard, the monolithic pharmaceutical dosage form 1s neither a filled
capsule nor a compressed tablet which comprises one or more matrix-embedded particles. Nonetheless, the
monolithic pharmaceutical dosage form according to the present invention can comprise different elements such

as layers, sections or a film coating.

The monolithic pharmaceutical dosage form 1s preferably intended for oral administration. It 1s preferably
provided 1n form of a single body that can be easily swallowed by a patient. Typical examples of pharmaceutical
dosage forms according to the invention include, but are not limited to tablets (e.g. mantle tablets, layered tablets

and film-coated tablets).

For the purpose of specification, the term “segment” as used herein refers to any preferably hot melt-extruded
physically distinct entity of the monolithic pharmaceutical dosage form that preferably contains the first
pharmacologically active ingredient (A;) or the second pharmacologically active ingredient (A,) and that can be
distinguished from another physically distinct entity of the pharmaceutical dosage form. Preferably, every

segment 1S solid or semi-solid.

The first segment (S;) 1s hot melt extruded. The second segment (S,) 1s preferably hot melt extruded but can also
be manufactured by other means than hot melt extrusion. A person skilled in the art knows manufacturing
methods besides hot melt extrusion, such as e.g. granulation or direct compression. When the second segment
(S,) 1s not hot melt extruded, 1t preferably has a thickness of at least 200 pm, more preferably at least 300 pum,
still more preferably at least 400 um, yet more preferably at least 500 pm, even more preferably at least 600 pm,
most preferably at least 700 um or at least 800 um and 1n particular at least 900 pm, at least 1,000 um or at least
1,500 pum. In another preferred embodiment, when the second segment (S,) 1s not hot melt extruded, the second

segment (S5,) 1s not a film coating.

For the purpose of specification, a film coating preferably does not contain any pharmacologically active
ingredient and preterably has a thickness of at most 150 pum, more preterably at most 120 pum, still more
preferably at most 100 pm, even more preferably at most 80 pm, yet more preferably at most 60 pm, most
preferably at most 40 um and in particular at most 20 pm and does not constitute any segment of the monolithic

pharmaceutical dosage form.

In a particularly preferred embodiment, both, the segment (S,) as well as the segment (S,), are hot melt extruded.

A skilled person knows how to distinguish a segment and a pharmaceutical dosage form, respectively, which
was manufactured by hot melt-extrusion from a segment and a pharmaceutical dosage form, respectively, which
was manufactured by direct compression or granulation. Preferred analytical methods which are suitable to
distinguish hot melt-extruded segments and hot melt-extruded pharmaceutical dosage forms, respectively, from
segments and pharmaceutical dosage forms, respectively, manufactured by direct compression or granulation
include X-ray diffraction, scanning electron microscopy, transmission electron microscopy, porosity

measurements, near-infrared spectroscopy (NIR), Raman spectroscopy and tetrahertz spectroscopy.
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In a preferred embodiment, the first segment (S;) contains at least a first pharmacologically active ingredient
(A) and the second segment (S,) preferably does not contain any pharmacologically active ingredient. In another
preferred embodiment, the second segment (S,) contains at least a second pharmacologically active imngredient
(A,) and the first segment (S;) preferably does not contain any pharmacologically active imngredient. In still
another preferred embodiment, the first segment (S;) contains at least a first pharmacologically active ingredient
(A,) and a further pharmacologically active ingredient (Ag). According to this embodiment, the second segment
(S,) preferably does not contain any pharmacologically active ingredient. In yet another preferred embodiment,
the second segment (S,) contains at least a second pharmacologically active ingredient (A,) and a further
pharmacologically active igredient (Ag). According to this embodiment, the first segment (S;) preferably does

not contain any pharmacologically active ingredient.

In a particularly preferred embodiment, the first segment (S;) contains at least a first pharmacologically active
ingredient (A;) and the second segment (S,) contains at least a second pharmacologically active ingredient (A»).
In another particularly preferred embodiment, the first segment (S;) contains a first pharmacologically active
ingredient (A;) as the only pharmacologically active ingredient and the second segment (S,) contains a second

pharmacologically active ingredient (A,) as the only pharmacologically active ingredient.

The first segment (S;) and the second segment (S,) of the monolithic pharmaceutical dosage form preferably
contain the first pharmacologically active ingredient (A;) and the second pharmacologically active ingredient
(A,), respectively. However, the first segment (S;) and the second segment (S,) preferably do not consist of the
first pharmacologically active ingredient (A;) and the second pharmacologically active ingredient (A,),
respectively, but contain further ingredients such as pharmaceutical excipients. Thus, the first segment (S;) and
the second segment (S,) can be regarded as greater units of preferably hot melt-extruded material, comprising
inter alia but not consisting of the first pharmacologically active ingredient (A;) and the second
pharmacologically active ingredient (A,), respectively. While one segment may partially or completely surround
the other segment, 1t 1s nevertheless not possible that a given location of the monolithic pharmaceutical dosage

form contains both, matter of the first segment (S,) and simultancously matter of the second segment (S,).

Preferably, besides the content of the first pharmacologically active ingredient (A;) and the second
pharmacologically active ingredient (A,), the first segment (S;) and the second segment (S;) of the monolithic
pharmaceutical dosage form preferably differ in at least one of the following properties and can be distinguished
by said property: composition of ingredients (e.g. nature and/or amount), total weight, density, hardness,
breaking strength, size, shape, color, morphology, position within the monolithic pharmaceutical dosage form
(e.g. core, mantle, layer) and/or porosity. According to the present invention, preferably neither the first segment
(S;) nor the second segment (S,) forms a coating of the pharmaceutical dosage form, particularly no spray

coating.

In a particularly preferred embodiment, the first segment (S;) 1s hot melt-extruded and contains a first
pharmacologically active ingredient (A,;) and the second segment (S,) 1s hot melt-extruded and contains a second

pharmacologically active ingredient (A»).
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Typically, any segment of the monolithic pharmaceutical dosage form covers at least 1 vol.-%, or at least 2 vol.-
%, or at least 5 vol.-%, more preferably at least 10 vol.-%, still more preferably at least 15 vol.-%, yet more
preferably at least 20 vol.-%, even more preferably at least 25 vol.-%, most preferably at least 30 vol.-%, and 1n
particular at least 35 vol.-%, of the total volume of the pharmaceutical dosage form. Thus, physically distinct
entities that are so small that they do not cover such portion of the total volume of the monolithic pharmaceutical

dosage form are typically not to be regarded as "segment" in the meaning of the mvention.

Preferably, a segment 1s a spatially confined area within the monolithic pharmaceutical dosage form such as a

layer, core or mantle (1.e. shell) of the monolithic pharmaceutical dosage form.

The first segment (S;) and the second segment (S,) of the monolithic pharmaceutical dosage form are separate of
one another, 1.e. they are at different locations of the pharmaceutical dosage form. However, preferably, the first
segment (S;) and the second segment (S,) are directly adjacent to each other, 1.e. they preferably share at least

one common boundary.

In a preferred embodiment, the second segment (S,) covers at least a part of the surface of the first segment (S;).

Preferably, the second segment (S,) covers at least 5% or 25% or 45%, more preferably at least 10% or 30% or
50%, still more preferably at least 20% or 40% or 60%, yet more preferably at least 30% or 50% or 70%, even
more preferably at least 40% or 60% or 80%, most preferably at least 50% or 70% or 90% and 1n particular at
least 60% or 80% or 99% of the surface of the first segment (S,).

In another preferred embodiment, the second segment (S,) covers the entire surface of the first segment (S)).
According to this embodiment, the second segment (S,) preferably forms a mantle or shell around the first

segment (S)).

The first segment (S;) and the second segment (S,) of the monolithic pharmaceutical dosage form can be

distinguished from one another.

The monolithic pharmaceutical dosage form according to the invention comprises at least one hot melt-extruded
first segment (S;) (e.g. a layer, core or mantle) but may also contain a plurality of first segments (S;) (e.g. layers
in a layered tablet or the mantle and one or more layers in a mantled layered tablet). When the monolithic
pharmaceutical dosage form according to the invention comprises a plurality of first segments (S;), the
individual first segments (S;) are preferably of essentially the same type and nature, €.g. composition, total
weight, density, hardness, breaking strength, size, shape, color, morphology, coherence and/or porosity.
Preferably, the monolithic pharmaceutical dosage form contains not more than 10 first segments (S;), more
preferably not more than 9, still more preferably not more than 8, yet more preferably not more than 7, even
more preferably not more than 6, most preferably not more than 5, and 1n particular not more than 4 first
segments (S;). Preterably, the monolithic pharmaceutical dosage form contains 1, 2 or 3, most preferably 1 first

segment (S;).
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The monolithic pharmaceutical dosage form according to the imnvention comprises at least one preferably hot
melt-extruded second segment (S,) (e.g. layer, core or mantle) but may also contain a plurality of second
segments (S,) (e.g. layers 1n a layered tablet or the mantle and one or more layers 1n a mantled layered tablet).
When the monolithic pharmaceutical dosage form according to the mmvention comprises a plurality of second
segments (S,), the individual second segments (S,) are preferably of essentially the same type and nature, e.g.
composition, total weight, density, hardness, breaking strength, size, shape, color, morphology, coherence and/or
porosity. Preferably, the monolithic pharmaceutical dosage form contains not more than 10 second segments
(S,), more preferably not more than 9, still more preferably not more than 8, yet more preferably not more than
7, even more preferably not more than 6, most preferably not more than 5, and in particular not more than 4
second segments (S,). Preferably, the monolithic pharmaceutical dosage form contains 1, 2 or 3, most preferably

1 second segment (S,).

When the monolithic pharmaceutical dosage form contains only one first segment (S;) and only one second

segment (S,), the monolithic pharmaceutical dosage form 1s preferably a mantle tablet.

When the monolithic pharmaceutical dosage form contains more than one first segment (S;) and/or more than
one second segment (S,), the monolithic pharmaceutical dosage form 1s preferably a layered tablet or a mantled

layered tablet.

While the monolithic pharmaceutical dosage form may contain additional segments (S3), e.g. segments which
contain pharmacologically active ingredient but are essentially not of the same type and nature as first segments
(S;) and second segments (S,), respectively, the monolithic pharmaceutical dosage form preferably does not

contain additional segments (S;).
For the purpose of specification, a coating such as e.g. a film coating preferably does not contain any

pharmacologically active ingredient and does not constitute any segment of the monolithic pharmaceutical

dosage form.

In a preferred embodiment, the monolithic pharmaceutical dosage form consists of

(1) at least one first segment (S,);
(11) at least one second segment (S,); and
(111) optionally a film coating.
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