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OPIOID FORMULATIONS HAVING EXTENDED CONTROLLED RELEASE

ABSTRACT OF THE DISCLOSURE

Solid controlled-release oral dosage forms comprising
a therapeutically effective amount of an opioid analgesic
or a salt thereof which provide an extended duration of
pain relief of about 24 hours, have a dissolution rate in-
vitro of the dosage form, when measured by the USP Paddle
Method of 100 rpm in 900 ml aqueous buffer at 37°C from
about 12.5% to about 42.5% (by weight) active agent re-
leased after 1 hour, from about 25% to about 55% (by
weight) active agent released after 2 hours, from about 45%
to about 75% (by weight) opioid analgesic released after 4
hours and greater than about 60% (by weight) opioid anal-
gesic released after 8 hours, the in-vitro release rate
being substantially independent of pH and chosen such that
the peak plasma level of active agent obtained in-vivo
between about 2 and about 8 hours after administration of

the dosage form.
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OPIOID FORMULATIONS HAVING EXTENDED CONTROLLED RELEASE
BACKGROUND OF THE INVENTION
The present invention relates to a solid, controlled-

release oral dosage form for use in the treatment of pain.

It is the intent of all controlled (slow) release
formulations to provide a longer period of pharmacologic
action after administration than is 6rdinarily ‘obtained
after»administration of immediate-release dosagé forms.
Such longer periods of response provide for many therapeu-
tic benefits that are not achieved with corresponding short
acting, immediate release preparations. Thus, therapy may
be continued without interrupting the sleep of the patient,
which is of special importance, for example, when treating
a patient for moderate to severe pain (e.g., a post-surgery
patient, a cancer patient, etc.), or for those patients who
experience migraine headaches on awakening, as well as for
the debilitated patient for whom sleep is essential.

- Unless conventional rapid acting drug therapy is
carefully administered at frequent intervals to maintain
effective steady state blood levels of the drug; peaks and
valleys in the blood level of the active drug occurs be-
cause of the rapid absorption, systemic excretion of the
compound and through metabolic inactivation, thereby pro-
ducing special problems in maintenance therapy of the_
patient. A further general advantage of longer acting drug
preparations is improved patient compliance resulting from
the avoidance of missed doses through patient
forgetfulness. |

Morphine, which is considered to be the prototypic
opioidianalgesic, has been formulated into 12 hour con-
trolled-release formulations (i.e., MS Contin® tablets,
commercially available from Purdue Frederick Company) .

It has previously been known in the art that con-
trolled-release compositions of opioids or salts thereof

could be prepared in a suitable matrix. For example, in.
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U.S. Patent Nos. 4,990,341 and 4,844,909 (qudie, et al.),
both assigned to the assignee of the present invention, de-
scribes hydromorphohe compositions wherein the dissolution
rate in-vitro of the dosage form, when measured by the USP
Paddle or Basket Method at 100 fpm in 900 ml aqueous buffer
(pH between 1.6 and 7.2) at 37° C, is between 12.5 and
42.5% (by wt) hydromorphone released after 1 hour; between
25 and 55% (by wt) released after 2 hours, between 45 and
75% (by wt) released after 4 hours and between 55 and 85%
(by wt) released after 6 hours, the in-vitro release rate
being independent of pH between pH 1.6 and 7.2 and chosen
such that the peak plasma level of hydromorphone obtained
in-vivo occurs between 2 and 4 hours after administration
of the dosage form. At least 12 hours of pain relief is
obtained with these hydromorphone formulations.

It has been a further goal in the art to develop drug
formulations which provide a duration of effect longer than
12 hours, so that, for example, the drug may be administer-
ed to the patient only once a day.

There is clearly a need for convenient and reliable
dosage formulations of opioid analgesics that can be ad-
ministered less frequently than currently available such
drugs. Most currently available such oral opioid analgesic
formulations need to be administered every four to six
hours with ohly a selected few formulated for less frequent
12 hour dosing. The obvious advantages for once daily
dosing formulations would be both increased convenience and
compliance, as have been documented for numerous medication
formulations when the requirement for less frequent dosing
is provided.

To date, it has not been the consensus that the formu-
lation of oral opioid analgesics in a way that provides for
less frequent dosing either (a) has any influence on the
profile and/or incidence of adverse drug reactions as com-
pared to the same chemical entity administered in conven-
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tional immediate-release oral formulations at the same
total daily dose or (b) that there are any differences in
the analgesic efficacy of longer as compared to shorter
acting oral opioid analgesic formulations in terms of the
dosage required over given periods of time. The results of
numerous adequate and well-controlled double-blind, random-
ized, safety and efficacy evaluations demonstrate compar-
able profiles, incidences and intensities of opioid side
effects and comparable analgesia at equal daily dosages of
long- and shorter-acting oral opioids as evidenced from the
results of numerous such studies. '

~ While the ‘concurrent administration of non-opioid
analgesic drugs along with opioid drugs have provided for
evidence of the "opioid-sparing" effect of non-opioid
analgesics, the only previously reported method of de-
creasing opioid requirements have been in the situation
where patient-controlled analgesia (PCA) reduces the need
for opioid analgesics as compared to when administered as-
needed (PRN), both via parenteral routes. In these latter
situations, neither method of administration is at fixed
intervals but, rather, PRN, with the patient as the primary
controller of drug administration utilizing PCA and both
the patient and another party, who controls the timing of
as-needed but PRN medication in the usual fashion.

It is an object of the present invention to provide a
method and opioid analgesic formulation for substantially
improving the efficiency and quality of pain management.

It is another object of the present invention to pro-
vide a method of treatment for substantially improving the
efficiency and quality of pain management.

It is yet another object of the present invention to
provide controlled-release opioid formulations which have
a substantially increased duration of effect as compared to
previously known controlled-release opioid formulations.
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The above objects and others are attained by virtue of the present invention, which is

related to a solid controlled-release oral dosage form, the dosage form comprising a
therapeutically effective amount of analgesic, preferably an opioid analgesic or a salt
thereof, coated with a controlled-release coating or in a controlled-release matrix wherein

5 the dissolution rate in-vitro of the dosage form, when measured by the USP Paddle or
Basket Method at 100rpm in 900ml aqueous buffer (pH between 1.6 and 7.2) at 37°C is
from about 12.5 to about 42.5% (by wt) opioid released after 1 hour, from about 25 to about
56% (by wt) opioid released after 2 hours, from about 45 to about 85% (by wt) opioid

released after 4 hours, and greater than about 60% (by wt) opioid released after 8 hours, the

1o in-vitro release rate being substantially independent of pH, such that the peak plasma level
of opioid obtained in-vivo occurs from about 2 to about 8 hours after administration of the
dosage form. The oral dosage forms of the present invention provide pain relief for about
24 hours, and therefore may be administered on a once-a-day basis.

Thus, according to one embodiment, the invention provides a solid controlled release

15 oral dosage form, the dosage form consisting of a plurality of inert pharmaceutical beads
coated with an analgesically effective amount of an opioid analgesic or a mixture of opioid
analgesics or a salt thereof, said inert pharmaceutical beads overcoated with a controlled-

release coating, wherein the dissolution rate in-vitro of the dosage form, when measured by

Iy the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at 100rpm at 900ml aqueous
:::;.: 20 buffer at 1.6 and 7.2 pH and 37°C is from about 16.8% to about 42.5% (by wt) opioid
::Z;.: released after 1 hour, from about 25% to about 65% (by wt) opioid released after 2 hours,
:::: : from about 45% to about 85% (by wt) opioid released after 4 hours and greater than about
;’..:f 60% (by wt) opioid released after 8 hours, the in-vitro release rate being substantially

independent of pH in that a difference at any given time between an amount of opioid

eees 25 rcleased at one pH and an amount released at any other pH, when measured in-vitro using

RIS the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at 100rpm in 900m! aqueous
..::.: buffer, is no greater than 10%, the in-vitro release rate being chosen such that the peak
.....: plasma level of said opioid obtained in-vivo occurs from about 2 to about 8 hours after
’:E:. administration of the dosage form said dosage form, providing an extended duration of
:3:5.. 30 therapeutic effect of about 24 hours.

According to another embodiment, the invention provides a process for the
preparation of a pharmaceutical composition, comprising preparing a solid controlled
release oral dosage form, the dosage form consisting of a plurality of inert pharmaceutical

beads coated with an analgesically effective amount of an opioid analgesic or a mixture of

pioid analgesics or a salt thereof said inert pharmaceutical beads overcoated with a

(I\DAYLIB\LIBA1374460d 1 b.doc:gcc
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controlled-release coating, wherein the dissolution rate in-vitro of the dosage form, when
measured by the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at 100rpm at
900ml aqueous buffer at 1.6 and 7.2 pH and 37°C is from about 16.8% to about 42.5% (by
wt) opioid released after 1 hour, from about 25% to about 65% (by wt) opioid released after
2 hours, from about 45% to about 85% (by wt) opioid released after 4 hours and greater than
about 60% (by wt) opioid released after 8 hours, the in-vitro release rate being substantially
independent of pH in that a difference at any given time between an amount of opioid
released at one pH and an amount released at any other pH, when measured in-vitro using
the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at 100rpm in 900ml aqueous
buffer, is no greater than 10%, the in-vitro release rate being chosen such that the peak
plasma level of said opioid obtained in-vivo occurs from about 2 to about 8 hours after
administration of the dosage form said dosage form, providing an extended duration of
therapeutic eftect of about 24 hours.

As stated above, the dosage form preferably contains an opioid analgesic. Preferred
opioids include mu-agonist opioid analgesics such as hydromorphone, oxycodone,
morphine, levorphanol, methadone, meperidine, heroin, dihydrocodeine, codeine,
dihydromorphine, buprenorphine, salts thereof, mixtures of any of the foregoing, mixed mu-
agonists/antagonists, mu-agonist/antagonist combinations, and the like.

USP Paddle or Basket Method is the Paddle and Basket Method described, e.g., in
U.S. Pharmacopoeia XXII (1990).

In the present specification, “substantially independent of pH” means that the
difference, at any given time, between the amount of opioid relcased at, e.g., pH 1.6, and the
amount released at any other pH, e.g., pH 7.2 (when measured in-vitro using the USP
Paddle or Basket Method at 100 rpm in 900ml aqueous buffer), is 10% (by weight) or less.
The amounts released being, in all cases, a mean of at least three experiments.

The present invention is also related to a method of treating pain in a human patient,
comprising administering the oral dosage forms of the present invention.

The controlled-release oral solid dosage forms of the present invention provide the
surprising result that these formulations may be opioid-sparing. First, it is possible that the
controlled-release oral solid dosage forms of the present invention may be dosed at a
substantially lower daily dosage in comparison to conventional immediate-release products,
with no difference in analgesic efficacy. Second, at comparable daily dosages, greater
efficacy may result with the use of the controlled-release oral solid dosage forms of the

present invention in comparison to conventional immediate-release products.

[I\DAYLIB\LIBA]374460d1b.doc:gcc
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Thus, in yet another embodiment, the invention provides the use of a pharmaceutical
composition prepared by a process, comprising preparing a solid controlled release oral
dosage form, the dosage form consisting of a plurality of inert pharmaceutical beads coated
with an analgesically effective amount of an opioid analgesic or a mixture of opioid
analgesics or a salt thereof, said inert pharmaceutical beads overcoated with a controlled-
release coating, wherein the dissolution rate in-vitro of the dosage form, when measured by
the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at 100rpm at 90ml aqueous
buffer at 1.6 and 7.2 pIl and 37°C is from about 16.8% to about 42.5% (by wt) opioid
released atter 1 hour, from about 25% to about 65% (by wt) opioid released after 2 hours,
from about 45% to about 85% (by wt) opioid released after 4 hours and greater than about
60% (by wt) opioid released after 8 hours, the in-vitro release rate being substantially
independent of pH in that a difference at any given time between, an amount of opioid
released at one pH and amount released at any other pH, when measured in-vitro using the
USP Paddle Method or U.S. Pharmacopeia XXII (1990) at 100rpm in 900ml aqueous
buffer, is no greater than 10%, the in-viiro release rate being chosen such that the peak
plasma level of said opioid obtained in-vivo occurs from about 2 to about 8 hours after
administration of the dosage form said dosage form, providing an extended duration of

therapeutic effect of about 24 hours.

Brief Description of the Drawings

The following drawings are illustrative of embodiments of the invention and are not
meant to limit the scope of the invention as encompassed by the claims.

Figure | is a graphical representation of the plasma levels obtained when 2 tablets of
Dilaudid® 4mg tablets are administered;

[igure 2 is a graphical representation of the plasma levels obtained for Example 5;

Figure 3 is a graphical representation of the plasma levels obtained for Example 6;

Figure 4 is a graphical representation of the plasma levels obtained for Example 7;

Figure 5 is a graphical representation of the plasma levels obtained for Example 8;

[INDAYLIB\LIBA |374460d1b.doc:gcc
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Figure 6 is a graphical representation of the plasma
levels. obtained for Example 5 plotted against the results
obtained for Comparative Example A;

Figure 7 is a graphical representation of the plasma
levels obtained for Comparative Examples B and C;

Figure 8 is a graphical representation of the plasma
levels obtained for Examples 9 and 10; |

Figure 9 is a graphical representation of the plasma
levels obtained for Examples 11 and 12 plotted against the
results obtained for Comparative Example D;

Figure 10 is a graphical representation of the plasma
levels obtained for Examples 11 and 12;

Figure 11 is a graphical representation of the plasma
levels obtained for Example 13 plotted against the plasma
levels obtained for Comparative Example E.

DETAILED DESCRIPTION

The invention is based partly upon the surprising

discovery that controlled-release dosage forms of opioid
analgesics having an extended duration of therapeutic
effect, e.g., about 24 hours, provide a peak plasma level
(i.e., T.) from about 2 to about 8 hours after admini-
stration, and preferably provide a peak plasma level from
about 4 to about 6 hours after administration, thereby
providing pain relief well beyohd 12 hours, and preferably,
for about 24 hours after oral administration.

Furthermore, in the case of the present dosage form,
therapeutic levels are generally achieved substantially
without significant increases in the intensity and/or
degree of concurrent side effects, such as nausea, vomit-
ing, or drowsiness, which are often associated with high
blood levels of opioids. There is also evidence to suggest
that the use of the present dosage forms leads to a reduced
risk of drug addiction.
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A further advantage of the present composition, which
releases the opioid analgesic at a rate that is independent
of pH, e.g., between pH 1.6 and 7.2, is that it avoids
"dose dumping" upon oral administration.

For the first time, oral opioid analgesics have been
formulated to provide for an increased duration of anal-
gesic action allowing once-daily dosing. Surprisingly,
these formulations, at comparable daily dosages of conven-
tional immediate-release drug, are associated with a lower
incidence in severity of adverse drug reactions and can
also be administered at é lower daily dose than conven-
tigpal oral medication while maintaining pain control.
Thus, the 24 hour dosing formulations of the present
invention can be "opioid-sparing".

The present oral dosage form may be presented as, for
example, granules, spheroids or pellets in a capsule or in
any other suitable solid form. In one especially preferred
embodiment, the oral dosage form comprises an effective
number of spheroids contained within a capsule.

In one preferred embodiment, the controlled-release
opioid oral dosage form of the present invention includes
hydromofphone as the therapeutically active ingredient, and
preferably contains from about 4 to about 64 mg hydromor-
phone hydrochloride. Alternatively, the dosage form may
contain molar equivalent amounts of other hydromorphone
salts or of the hydromorphone base. In other preferred
embodiments where the opioid analgesic is other than hydro-
morphone, the dosage form contains an appropriate amount to
provide a substantially equivalent therapeutic effect.

For example, when the opioid analgesic comprises
morphine, the controlled release oral dosage forms of the
present invention include form about 15 mg to about 800 mg
morphine, by weight. ' . )

On the other hand, when the opioid analgesic comprises

oxycodone, the controlled release oral dosage forms of the
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present invention include from about 10 mg to about 400 mg
oxycodone.

A review of dose-response studies and relative anal-
gesic assays of mu-agonist opioid analgesics all indicate
no significant deviation from parallelism in their dose-
response relationships. This is so well-established that
it has become an wunderlining principal providing for
establishing relative analgesic potency factors and dose
ratios which are commonly utilized when converting patients
from one my?agonist'analgesic to another regardless of the

dosage of the former.

-

In one preferred embodiment of the present invention,
~thé controlled-release dosage form comprises spheroids
containing the active ingredient coated with a controlled-
release coating. The term spheroid is known in the pharma-
ceutical art and means, e.g., a spherical granule having a
diameter of between 0.1 mm and 2.5 mm, especially between
0.5 mm and 2 mm.

The spheroids are preferably film coated with a
material that permits release of the opioid (or salt) at a
controlled rate in an aqueous medium. The film coat is
chosen so as to. achieve, 1in combination with the other
stated properties, the in-vitro release rate outlined above
(between 12.5% and 42.5% (by wt) release after 1 hour,
etc.). The coating formulétions of the present invention
should be capable of producing a strong, continuous film
that is smooth and elegant, capable of supporting pigments
and other coating additives, non-toxic, inert, and tack-
free.

In one preferred embodiment, the present invention is
related to a solid controlled release dosage form of a sub-
strate comprising an opioid coated with a hydrophobic
material selected from an alkylcellulose such as ethyl-

cellulose, an acrylic polymer, shellac, zein, hydrophobic
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waxy-type products, such as hydrogenated castor oil or
hydrogenated vegetable oils, and mixtures thereof.

In further preferred embodiments, the coating is
derived form an aqueous dispersion of the hydrophobic
polymer. The coated substrate containing the opioid(s)
(e.g., a tablet core or inert pharmaceutical beads or
spheroids) is then.cured until an endpoint is reached at
which the substrate provides a stable diésolution. The
curing endpoint may be determined by comparing the dissolu-
tion profile (curve) of the dosage form immediately after
curing to the dissolution profile (curve) of the dosage
form after exposure to accelerated storage conditions of,
e.g., at least one month at a temperature of 40°C and a
relative humidity of 75%. These formulations are described
in detail in the assignee's co-pending U.S. Application
Serial Nos. 07/814,111 and 07/826,084, hereby incorporated
by reference.

The aqueous dispersions of hydrophobic polymers used
as coatings in the present invention may be used in con-
junction with tablets, spheroids (or beads), microspheres,
seeds, pellets, ion-exchange resin beads, and other multi-
particulate systems in order to obtain a desired control-
led-release of the therapeutically active agent. Granules,
spheroids, or pellets, etc., prepared in accordance with
the present invention can be presented in a capsule or in
any other suitable dosage form.

In order to obtain a controlled-release formulation,
it is usually necessary to overcoat the substrate compris-
ing the therapeutically active agent with a sufficient
amount of the aqueous dispersion of e.g., ethylcellulose or
acrylic polymer, to obtain a weight gain level from about
2 to about 25 percent, although the overcoat may be lesser
or greater depending upon the physical properties of the

therapeutically active agent and the desired release rate,
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the inclusion of plasticizer in the aqueous dispersion and
the manner of incorporation of the same, for example.

Although ethylcellulose is one preferred hydrophobic
polymer which may be used for coating the substrates of the
present invention, those skilled in the art will appreciate
that other cellulosic polymers, including other alkyl cell-
ulosic polymers, may be substituted for part or all of the
ethylcellulose included in the hydrophobic polymer coatings
of the present invention.

In other preferred embodiments of the present inven-
tion, the hydrophobic polymer comprising the controlled-
reféase coating is a pharmaceutically acceptable acrylic
polymer, including but not 1limited to acrylic acid and
methacrylic acid copolymers, methacrylic acid copolymers,
methyl methacrylate copolymers, ethoxyethyl methacrylates,
cynaoethyl methacrylate, methyl methacrylate, copolymers,
methacrylic acid copolymers, methyl methacrylate copoly-
mers, methyl methacrylate copolymers, methyl methacrylate
copolymers, methacrylic acid copolymer, aminoalkyl meth-
acrylate copolymer, methacrylic acid copolymers, methyl
methacrylate copolymers, poly(acrylic acid), poly(meth-

acrylic acid, methacrylic acid alkylamide copolymer,

‘poly(methyl methacrylate), poly(methacrylic acid) (an-

hydride), methyl methacrylate, polymethacrylate, methyl
methacrylate copolymer, poly (methyl methacrylate),
poly (methyl methacrylate) copolymer, polyacrylamide,
aminoalkyl methacrylate copolymer, poly(methacrylic acid
anhydride), and glycidyl methacrylate copolymers.

In certain preferred embodimenté, the acrylic polymer
is comprised of one or more ammonio methacrylate copoly-
mers. Ammonio methacrylate copolymers are well known in
the art, and are described in NF XVII as fully polymerized
copolymers of acrylic and methacrylic acid esters with a

low content of quaternary ammonium groups.
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In order to obtain a desirable dissolution profile, it
may be necessary to incorporate two or more ammonio meth-
acrylate copolymers having differing physical properties,
such as different molar ratios of the quaternary ammonium
groups ‘to the neutral (meth)acrylic esters.

, In embodiments of the present invention where the
coating comprises an aqueous dispersion of a hydrophobic
polymer, the inclusion of an effective amount of a plasti-
cizer in the aqueous dispersion of hydrophobic polymer will
furtherAimproveAthe physical properties of the film. For
example, because ethylcellulose has a relatively high glass
trahsition temperature and does not form flexible films
under normal coating conditions, it is necessary to plasti-
cize the ethylcelluloée before using the same as a coating
material. Generally, the amount of plasticizer included in
a coating solution is based on the concentration of the
film-former, e.g., most often from about 1 to about 50
percent by weight of the film-former. Concentration of the
plasticizer, however, can only be properly determined after
careful experimentation with the particular coating solu-
tion and method of application. '

Examples of suitable plasticizers for ethylcellulose
include water insoluble plasticizers such as dibutyl seba-
cate, diethyl phthalate, triethyl citrate, tributyl cit-
rate, and triacetin, although it 1is possible that other
water-insoluble plasticizers (such as acetylated monoglyc-
erides, phthalate esters, castor oil, etc.) may be used.
Triethyl citrate is an especially preferred plasticizer for
the aqueous dispersions of ethyl cellulose of the present
invention. »

Examples of suitable plasticizers for the acrylic
polymers of the present invention . include, but are not
limited to citric acid esters such as triethyl citrate NF
XVI, tributyl citrate, dibutyl phthalate, and possibly
1,2-propylene glycol. Other plasticizers which have proved
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to be suitable for enhancing the elasticity of the filmé
formed from acrylic films such as .Eudragit® RL/RS lacquer
solutions include polyethylene glycols, propylene glycol,
diethyl phthalate, castor.oil,'and triacetin. Triethyl
citrate is an especially preferred plasticizer for the
aqueous dispersions of ethyl cellulose of the present
invention.

It has further been found that the addition of a small
amount of talc reduces the tendéncy of the aqueous disper-
sion to stick during processing, and acts as a polishing

agent.

One commercially-available aqueous dispersion of
ethylcellulose is Aquacoat® (FMC Corp., Philadelphia,
Pennsylvania, U.S.A.). Aquacoat® is prepared by dissolving
the ethylcellulose in a water-immiscible organic solvent
and then emulsifying the same in water in the presence of
a surfactant and a stabilizer. After homogenization to
generate submicron droplets, the organic solvent is evapor-
ated under vacuum to form a pseudolatex. The plasticizer
is not incorporated in the pseudolatex during the manu-
facturing phase. Thus, prior to using the same as a coat-
ing, it is necessary to intimately mix the Aquacoat® with
a suitable plasticizer prior to use.

Another aqueous dispersion of ethylcellulose is com-
mercially available as Surelease® (Colorcon, Inc., West
Point, Pennsylvania, U.S.A.). This product is prepared by
incorporating plasticizer into the dispersion during the
manufacturing process. A hot melt of a polymer, plasti-
cizer (dibutYl sebacate), and stabilizer (oleic acid) is
prepared as a homogeneous mixture, which is then diluted
with an alkaline solution to obtain an aqueous dispersion
which can be applied directly onto substrates.

In one preferred embodiment, the acrylic coating is an

acrylic resin lacquers used in the form of an agqueous

dispersion, such as that which is commercially available
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from Rohm Pharma under the Tradename Eudragit®. 1In further
preferred embodiments, the acrylic coating comprises a mix-
ture of two acrylic resin lacquers commercially available
from Rohm Pharma under the Tradenames Eudragit® RL 30 D and
Eudragit® RS 30 D, respectively. Eudragit® RL 30 D and
Eudragit® RS 30 D are copolymers of acrylic and methacrylic
esters with a low content of quaternary ammonium groups,
the molar ratio of ammonium groups to the remaining neutral
(meth)acrylic esters being 1:20 in Eudragit® RL 30 D and
1:40 in Eudragit® RS 30 D. The mean molecular weight is
about 150,000. The code designations RL (high permeabil-
ity) and RS (low permeability) refer to the permeability
properties of these agents. Eudragit® RL/RS mixtures -are
insoluble in water and in digestive fluids. However, coat-
ings formed from the same are swellable and permeable in
aqueous solutions and digestive fluids.

The Eudragit® RL/RS dispersions of the present inven-
tion may be mixed together in any desired ratio in order to
ultimately obtain a controlled-release formulation having
a desirable dissolﬁtion profile. Desirable controlled-
release formulations may be obtained, for instance, from a
retardant coating derived from 100% Eudragit® RL, 50%
Eudragit® RL' and 50% Eudragit® RS, and 10% Eudragit®
RL:Eudragit® 90% RS. Of course, one skilled in the art
will recognize that other acrylic polymers may also be
used, such as, for example, Eudragit® L.

In addition to modifying the dissolution profile by
altering the relative amounts of different acrylic resin
lacquers, the dissolution profile of the ultimate product
may also be modified, for example, by increasing or de-
creasing the thickness of the retardant coating.

When the aqueous dispersion of hydrophobic polymer is
used to coat inert pharmaceutical beads such as Nu-pareil
18/20 beads, a plurality of the resultant stabilized solid
controlled-release beads may thereafter be placed in a
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gélatin capsule in an amount sufficient to provide an
effective controlled-release dose when 1ingested and
contacted by gastric fluid.

The stabilized controlled-release formulations of the
present invention slowly release the therapeutically active
agent, e.g., when ingested and exposed to gastric fluids,
and then to intestinal fluids. The controlled-release pro-
file of the formulations of the invention can be altered,
for example, by varying the amount of overcoating with the
aqueous dispersion of hydrophobic polymer, altering the
manner in which the piasticizervis added to the acueous
diébersion of hydrophobic polymer, by varying the amount of
plésticizer relative to hydrophobic polymer, by the inclu-
sion of additional ingredients or excipients, by altering
the method of manufacture, etc.

Spheroids or beads coated with a therapeutically
active agent are prepared, e.g. by dissolving the therapeu-
tically active agent in water and then spraying the solu-
tion onto a substrate, for example, Nu-pareil 18/20 beads,
using a.Wuster insert. Optionally, additional ingredients
are also added prior to coating the beads in order to
assist the hydromorphone binding to the beads, and/or to
color tﬁe solution, etc. For example, a product which
includes hydroxypropyl methylcellulose, etc. with or with-
out colorant may be added to the solution and the solution

mixed (e.g., for about 1 hour) prior to application of the

~same onto the beads. The reésultant coated substrate, in

this example beads, may then be optionally overcoated with
a barrier agent, to separate the therapeutically active
agent from the hydrophobic controlled-release coating. An
example of a suitable barrier agent is one which comprises
hydroxypropyl methylcellulose. However, any film-former
known in the art may be used. It is preferred that the
barrier agent does not affect the dissolution rate of the
final product.
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The hydromorphone, HPMC protected (optional) beads may
then be overcoated with an aqueous dispersion of the hydro-
phobic polymer. The aqueous dispersion of hydrophobic
polymer preferably further includes an effective amount of
plasticizer, e.g. triethyl citrate. Pre-formulated aqueous
dispersions of ethylcellulose, such as Aquacoat® or Sure-
lease®, may be used. If Surelease® is used, it is not
necessary to separately add a plasticizer. Alternatively,
pre-formulated aqueous dispersions of acrylic polymers such
as Eudragit® can be used.

_ The coating solutions of the present invention prefer-
abl} contain, in addition to the film-former, plasticizer,
and solvent system (i.e., water), a colorant to provide
elegance and product distinction. Color may be added to
the solution of the therapeutically active agent instead,
or in addition to the aqueous dispersion of hydrophobic
polymer. For example, color be added to Aquacoat® via the
use of alcohol or propylené glycol based color dispersions,
milled aluminum lakes and opacifiers such as titanium di-
oxide by adding color with shear to water soluble polymer
solution and then using low shear to the plasticized Aqua-
coat®. Alternatively, any suitable method of providing
color to the formulations of the present invention may be
used. Suitable ingredients for providing color to the
formulation when an aqueous dispersion of an acrylic poly-
mer is used include titanium dioxide and color pigments,
such as iron oxide pigments. The incorporation of pig-
ments, may, however, increase the retard effect of the
coating.

The plasticized aqueous dispersion of hydrophobic
polymer may be applied onto the substrate comprising the
therapeutically active agent by spraying using any suitable
spray equipment known in the art. 1In a preferred method,
a Wurster fluidized-bed system is used in which an air jet,
injected from underneath, fluidizes the core material and.
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effects drying while the acrylic polymer coating is sprayed
on. A sufficient amount of the aqueous dispersion of
hydrophobic polymer to obtain a predetermined controlled-
release of said therapeutically active agent when said
coated substrate 1is exposed to aqueous solutions, e.g.
gastric fluid, is preferably applied, taking into account
the physically characteristics of the therapeutically
active agent, the manner of incorporation of the plasti-
cizer, etc. After coating with the hydrophobic polymer, a
further overcoat of a film-former, such as Opadry®, is
optionally applied to the beads. This overcoat is pro-
viaed, if at all, in order to substantially reduce agglom-
er;tion of the beads.

Next, the ccated beads are cured in order to obtain a
stabilized release rate of the therapeutically active
agent.

To date, attempts to prepare stable controlled-release
pharmaceutical formulations using aqueous dispersions of
hydrophobic polymers have been unsuccessful due to stabil-
ity problems. 1In parﬁicular, when coating these ‘pharma-
ceutical forms using aqueous polymeric dispersions to ob-
tain a desired release profile of the active drug(s) over
several hours or longer, it is known in the art that the
dissolution release profile changes on ageing.

This problem has been overcome in the embodiment of
the present invention wherein an aqueous dispersion of
ethylcellulose is used as the controlled-release coating,
wherein the curing step is accomplished by subjecting the
coated substrate to a temperature greater than the glass
transition temperature of the coating solution (i.e.,
ethylcellulose) and at a relative humidity from about 60%
to about 100%, until the curing endpoint is reached.

" In preferred embodiments of the present invention, the
stabilized product derived from an aqueous dispersion of
ethylcellulose is obtained by subjecting the coated sub-
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strate to oven curing at elevated temperature/humidity
levels for the required time period, the optimum values for
temperature, humidity and time for the particular formula-
tion being determined experimentally. In certain embodi-
ments of the present invention, the stabilized product
coated with an aqueous dispersion of ethylcellulose is
obtained via an oven curing conducted. at a temperature of
about 60°C and a relative humidity from about 60% to about
100% for a time period from about 48 to about 72 hours.
This is the case for the hYdromorphone beads described in
the examples pfgvided below. However, one skilled in the
art=will recognize that necessary curing conditions may be
changed somewhat, and may in fact be broader than the
above-mentioned temperature, humidity and time ranges,
depending upon the particular formulation, in order to
obtain a stabilized product.

Traditionally, curing has been carried out for
Eudragit® coated formulations, ifAét all, via a fluid bed
at 45°C for 2 hours after application. Such a standard
curing is recommended by Rohm Pharma because it is above
the glass transition temperature (Tg) of Eudragit® RS 30 D
plasticized with triethylcitrate at a 20% level of solids.
This recommended curing does not stabilize the dissolution
profile of the formulation upon storage, as will be demon-
strated by the examples set forth herein.

This problem is overcome in the embodiment of the
present invention wherein the aqueous dispersion of hydro-
phobic polymer comprises an aqueous dispersion of an
acrylic polymer such as Eudragit®, wherein the stabilized
product is obtained via an oven curing conducted at a
temperature greater than the Tg of the coating formulation
and continuing the curing until an endpoint is reached at
which the coated formulation attains a dissolution profile
which is substantially unaffected by exposure to storage
conditions of ele?ated temperature and/or humidity. Gener-
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ally, the curing time is, e.g., about. 24 hours or more, and
the curing temperature may be, for example, about 45°C. It
has further been discovered that it is not necessary to
subject the coated substrate to humidity levels above ambi-
ent conditions during the curing step in order to achieve
a stabilized end product. _

In preferred embodiments of the present. invention

directed to the acrylic coating, the stabilized product is

obtained by subjecting the coated substrate to oven curing
at a temperature above the Tg of the plasticized acrylic
polymer for the requiréd time period, the optimum values
fof:temperature and time for the particular formulation
being determined experimentally. In certain embodiments of
the present inveﬁtion, the stabilized product is obtained
via an oven curing conducted at a temperature of about 45°C
for a time period from about 24 to about 48 hours. It is
also contemplated that certain products coated with the
controlled-release coating of the present invention may
require a curing time longer than 24 hours, e.g., from
about 24 to about 48 hours, ér even 60 hours or more.

The release of the therapeutically active agent from
the controlled-release formulation of the present invention
can be further influenced, i.e., adjusted to a desired
rate, by the addition of one or more release-modifying
agents, or by providing one or more passageways through the
coating. The ratio of hydrophobic polymer to water soluble
material is determined by, among other factors, the release
rate required and the solubility"Characteristicé'of the
materials selected.

The release-modifying agents which function as pore-
formers may be organic or inorganic, and include materials
that can be dissolved, extracted or leached from the coat-
ing in the environment of use. The pore-formers may com-
prise one or more hydrophilic polymers such as hydroxy-

propylmethylcellulose.
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The controlled-release coatings of the present inven-

tion can also include erosion-promoting agents such as

" starch and gqums.

The controlled-release coatings of the present inven-
tion can also include materials useful for making micro-
porous lamina in the environment of use, such as polycar-
bonates comprised of linear polyesters of carbonic acid in.
which carbonate groups reoccur in the polymer chain.

The release-modifying agent may also comprise a semi-

. permeable polymer.

In certain preferred émbodiments,.the release-modify-
iné agent is selected from hydroxypropylmethylcellulose,
lactose, metal stearates, and mixtures of any of the
foregoing.

The controlled-release coatings of the present inven-
tion may also include an exit means comprising at least one
passageway, orifice, or the like. The passageway may be
formed by such methods as those disclosed in U.S. Patent
Nos. 3,845,770; 3,916,889; 4,063,064; and 4,088,864 .(all of
which are hereby incorporated by reference). The passage-
way can have any shape such as round, triangular, square,
elliptical, irregular, etc.

In other embodiments, the present invention may util-
ize (ih addition to, or in replace of the controlled-
release coating) a. controlled-release matrix that affords
in-vitro dissolution rates 6f the opioid within the narrow
ranges required and that releases the opioid in a pH-
independent manner. Suitable materials for inclusion in a
controlled-release matrix are

(a) Hydrophilic polymers, such as gums, cellulose
ethefs, acrylic resins and protein derived materials. Of
these polymers, the cellulose ethers, especially hydroxy-
alkylcelluloses and carboxyalkylcelluloses, are preferred.
The oral dosage form may contain between 1% and 80% (by
weight) of at least one hydrophilic or hydrophobic polymer.
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(b) Digestible, long chain (CgCs,, especially C,,~-C,,),
substituted or unsubstituted hydrocarbons, such as fatty
acids, fatty alcohols, glyceryl esters of fatty acids,
mineral and vegetable oils and waxes. Hydrocarbons having
a melting point of between 25° and 90°C are preferred. Of
these long chain hydrocarbon materials, fatty (aliphatic)
alcohols are preferred. The oral dosage form may contain
up to 60% (by weight) of at least one digestible, long
chain hydrocarbon.

(c) Polyalkylene glycols. The oral dosage form may
contain up to 60% (by weight) of at least one polyalkylene
g1§bol.

~ One particular suitable matrix comprises at least one
water soluble hydroxyalkyl cellulose, at least one C,,-C,,,
preferably ¢,,-C,,, aliphatic alcohol and, optionally, at
least one polyalkylene glycol. The at least one hydroxy-
alkyl cellulose is preferably a hydroxy (C, to C,) alkyl
cellulose, such as hydroxypropylcellulose, hydroxypropyl-
methylcellulose and, especially, hydroxyethyl cellulose.
The amount of the at least one hydroxyalkyl cellulose in
the present oral dosage form will be determined, inter
alia, by the precise rate of opioid release required. The
at least one aliphatic alcohol may be, for example, lauryl
alcohol, myristyl alcohol or stearyl alcohol. 1In particu-
larly ‘preferred embodiments of the present oral dosage
form, however, the at least one aliphatic alcohol is cetyl
alcohol or cetostearyl alcohol. The amount of the at least
one aliphatic alcohol in the present oral dosage form will -
be determined, as above, by the precise rate of opioid
release required. It will also depend on whether at least
one polyalkylene glycol is present in or absent from the
oral dosage form. " In the absence of at least one poly-
alkyléne glycol, the oral dosage form preferably contains
between 20% and 50% (by wt) of the at least one aliphatic
alcohol. When at least one polyalkylene glycol is present
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in the oral dosage. form, then the combined weight of the at
least one aliphatic alcohol and the at least one polyalkyl—
ene glycol preferably constitutes between 20% and 50% (by
wt) of the total dosage.

In one embodiment, the ratio of, e.g., the at least
one hydroxyalkyl cellulose or acrylic resin to the at least
one aliphatic alcohol/polyalkylene glycol determines, to a
considerable extent, the release rate of the opioid from
the formulation. A ratio of the at least one hydroxyalkyl
cellulose to the at least one aliphatic alcohol/polyalkyl-
ene glycol of between 1:2 and 1:4 is preferred, with a
ratio of between 1:3 and 1:4 being particularly preferred.

- The at least one polyalkylene glycol may be, for
example, polypropylene glycol or, which is preferred,
polyethylene glycol. The number average molecular weight
of the at 1least one polyalkylene glycol 1is preferred
between 1000 and 15000 especially between 1500 and 12000.

Another suitable controlled-release matrix would com-
prise an alkylcellulose (especially ethyl cellulose), a C),
to C,, aliphatic alcohol and, optionally, a polyalkylene
glycol.

In addition to the above ingrédients, a controlled-
‘release matrix may also contain suitable gquantities of
other_materialé,_e.g. diluents, lubricants, binders, granu-
lating aids, colorants, flavorants and glidants that are
conventional in the pharmaceutical art.

In order to facilitate the preparation of a solidg,
controlled feIease, oral dosage form according to this
invention there is provided, in a further aspect of the
present invention, a process for the preparation of a
solid, controlled release, oral dosage form according to
the present invention comprising incorporating opioids or
a salt thereof in a controlled-release matrix. Incorpor-
ration in the matrix may be effected, for example, by
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(a) forming granules comprising at least one water
soluble hydroxyalkyl cellulose and opioid or an opioid
salt,

(b) mixing the hydroxyalkyl cellulose containing

granules with at least one Clz—c aliphatic alcohol, and

(c) optionally, compressfﬁ; and shaping the gran-
ules. Preferably, the granules are formed by wet granulat-
ing the hydroxyalkyl cellulose/opioid with water. In a
particularly preferred embodiment of this process, the
amount of water added during the wet granulation step is
preferably between 1.5 and 5 times, especially between 1.75
and 3.5 times, the dry weight of the opioid.

In yet other alternative embodiments, a spheronizing
agent, together with the active ingredient can be spheron-
ized to form spheroids. Microcrystalline cellulose is
preferred. A suitable microcrystalline cellulose is, for
example, the material sold as Avicel PH 101 (Trade Mark,
FMC Corporation). In such embodiments, in addition to the
active ingredient and spheronizing agent, the spheroids may
also contain a binder. Suitable binders, such as 1low
viscosity, water soluble polymers, will be well known to
those skilled in the pharmaceutical art. However, water
soluble hydroxy lower alkyl cellulose, such as hydroxy
prbpyl cellulose, are preferred. Additionally (or alter-
natively) the spheroids may contain a water insoluble
polymer, especially an acrylic polymer, an acrylic co-
polymer, such as a methacrylic acid-ethyl acrylate co-
polymer, or ethyl cellulose. In such embodiments, the
controlled-release coating will generally include a water
insoluble material such as (a) a wax, either alone or in

admixture with a fatty alcohol; or (b) shellac or zein.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples illustrate various aspects of
the present invention. They are not meant to be construed

to limit the claims in any manner whatsoever.

EXAMPLE 1
Controlled Release Hydromorphone

HCl 8 mg Formulations - Acrylic Polymer Coating

Example 1 was prepared as follows:

1. Drug Loading. Hydromorphone beads were prepared
by dissolving hydromorphone HCl in water, adding Opadry Y-
5-1442, light pink (a product commercially available from
Colorcon, West Point, PA, which contains hydroxypropyl
methylcellulose, hydroxypropyl cellulose, titanium dioxide,
polyethylene glycol and D&C Red No. 30 aluminum lake) and
mixing for about 1 hour to obtain a 20% w/w suspension.
This suspension was then sprayed onto Nu-Pareil 18/20 mesh
beads using a Wurster insert.

2. First Overcoaf. The loaded hydromorphone beads
were then overcoated with a 5% w/w gain of Opadry Light
Pink using a Wurster insert. This overcoat was applied as
a protective coating.

3. Retardant Coat. After the first overcoat, the
hydromorphone beads were then coated with a 5% weight gain
of a retardant coating mixture of Eudragit RS 30D and
Eudragit RL 30D at a ratio of 90:10, RS to RL. The
addition of Triethyl Citrate (a plasticizer) and Talc
(anti-tacking agent) was also included in the Eudragit
suspension. The Wurster insert was used to apply the
coating suspension.

4. Second Overcoat. Once the retardant coating was
complete, the hydromorphone beads were given a final
overcoat of Opadry Light Pink to a 5% weight gain using a
Wurster insert. This overcoat was also applied as a

protective coating.
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5. Curing. After the completion of the final over-
coat, the hydromorphone beads were cured in a 45°C oven for
2 days. The cured beads were then filled into gelatin
capsules at an 8 mg Hydromorphone strength. The complete
formula for the beads of Example 1 is set forth in Table 1

below:
TABLE 1
Processing ‘Step Ingredient % mg/unit
Drug Loading Hydromorphone HC1l 8.2 8.0
Nu-Pareil 18/20 73.3 74.0
Opadry Lt Pink 2.1 2.0
Fifst Overcoat Opadry Lt Pink 4.4
Retardant Coat Eudragit RS 30D _
(dry wt.) ' 4.0. 3.8
Eudragit RL 30D
(dry wt.) 0.4 0.4
Triethyl Citrate 0.8 0.8
Talc , 1.8 1.7
Second Overcoat Opadry Lt Pink 5.0 4.8
Total 100.0 99.7 mg

Dissolution studies were conducted on the Eudragit-
coated hydromorphone beads of Example 1 both initially and
after 28 days. The results are set forth in Table 2 below:

TABLE 2
Time 1 hr 2 hr 4 hr 8 hr 12 hr 18 hr 24 hr
Initial 17.2 48.4 77.4 93.3 97.2 98.8 98.8
28 days 16.8 50.6 79.7 95.2 99.0 101.9 102.7

The stability'studies of the Eudragit-coated hydromor-
phone beads as set forth in Table 2 below show the initial
dissolution to be the same as tJhe dissolution done on
samples plaéed at a 37°C/80%.RH condition.
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EXAMPLES 2 - 4
Controlled Release Hydromorphone

HCl 8 mg Formulations - Ethylcellulose Coatings
Examples 2 - 4 were prepared as follows:

1. Drug Loading. Hydromorphone beads were prepared
by dissolving hydromorphone HCl in water, adding Opadry Y-
5-1442, light pink (a product commercially available from
Colorcon, West Point, PA, which contains hydroxypropyl
methylcellulose, hydroxypropyl cellulose, titanium dioxide,
polyethylene glycol and D&C Red No. 30 aluminum lake) and
mixing for about 1 hour to obtain a 20% w/w suspension.
Thfs suspension was then sprayed onto Nu-Pareil 18/20 mesh
beads using a Wurster insert.

2. First Overcoat. The loaded hydromorphone beads
were then overcoated with a 5% w/w gain of Opadry Light
Pink using a Wurster insert. This overcoat was applied as
a protective coating and provides immediate release

hydromorphone beads. See Table 3 below:

Table 3 - ITmmediate Release Beads
Processing Step Ingredient % mg per Unit
Drug Loading Hydromorphone HC1 8.7 8.0
Nu-Pareil 18/20 83.9 74.0
Opadry Lt Pink 2.4 2.0
First Overcoat Opadry Lt Pink 5.0 4.2
Total | 100.0 - 88.2 mg

3. Retardant Coat. After the first overcoat, the
hydromorbhone beads were then coated with a retardant coat-
ing of Aquacoat ECD 30 and Triethyl Citrate (a plasticizer)
to a 5%, 10% and 15% (Example 4) weight gain (based on dry
wt. of Aquacoat). A Wurster insert was used to apply the
coating suspensions.

4. curing. After the application of the retardant
coating, the beads were placed in a 60°C oven containing a

tray of water to maintain about a 85% relative humidity
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level. All . three batcheé were allowed to cure for 72
hours. '

5. Second Overcoat. The cured beads were removed
from the humid oven, and dried in a fluid bed dryer for
about one hour. The dried cured beads were then overcoated
with a 5% w/w gain of Opadry Light Pink using a Wurster
insert. This overcoat was applied as a protective coating.
The final formulations for beads having 5%, 10%, and 15%
Aquacoat coatings are set forth in Tables 4, 5 and 6 below,
respectively:

Table 4 - Beads with 5% Aquacoat Coating

Processing Step Ingredient % mg_per Unit
Drug Loading Hydromorphone HCl 8.2 8.0
‘ Nu-Pareil 18/20 74.8 74.0
Opadry Lt Pink 2.1 2.0
First Overcoat Opadry Lt Pink 4.5 4.2
Retardant Coat Agquacoat V
ECD 30 (dry wt.) 4.5 4.2
Triethyl Citrate 0.9 0.8
Second Overcoat Opadry Lt Pink 5.0 4.7
Total 100.0 97.9 mg

Table 5 - Beads with 10% Aquacoat Coating

Processing Step Ingredient 3 mg per Unit
Drug Loading Hydromorphone HC1l 8.0 8.0
Nu-Pareil 18/20 70.5 74.0
Opadry Lt Pink 2.0 2.0
First Overcoat Opadry Lt Pink 4.2 : 4.2
Retardant Coat Aquacoat
ECD 30 (dry wt.) 8.5 8.4
, Triethyl Citrate 1.7 1.7
Second Overcoat Opadry Lt Pink 5.1 5.0

Total , 100.0 103.3 mg
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Table 6 - Beads with 15% Aguacoat Coating

Processing Step Ingredient % mg_per Unit
Drug Loading | Hydromorphone HC1 7.8 8.0
Nu-Pareil 18/20 66.8 74.0
Opadry Lt Pink 1.9 2.0
First Overcoat Opadry Lt Pink 4.0 4.2
Retardant Coat Aquacoat
A " ECD 30 (dry wt.) 12.1 12.6
Triethyl Citrate 2.4 2.5
Second Overcoat Opadry Lt Pink 5.0 5.2

Total 100.0 108.5 mg

- 7. Encapsulation. The hydromorphone beads were then
filled into hard gelatin capsules to a total of 8 mg Hydro-
morphone HCl per capsule using the following combinations:

Example 2: All beads have 5% Aquacoat coating;
Example 3: 75% beads having 10% Aquacoat coating and
25% immediate release beads;

Example 4: 75% beads having 15% Aquacoat coating and
25% immediate release beads.

Dissolution studies were conducted on the Aquacoat-

‘coated hydromorphoﬁé beads of’Exampies 2 - 4 both initially

and after 28 days. The results are set forth in Tables 7-9

below:
Table 10 - Dissolution of Example 2
Time 1 hr 2 hr 4 hr 8 hr - 12 hr 18 hr 24 hr
Initial 33.8 54.6 71.2 85.7 92.9 97.3 99.9"
28 days 34.0 53.1 70.8. 86.1 93.1 98.2 100.7
Table 11 - Dissolution of Example 3
Time 1 hr 2 hr 4 hr 8 hr 12 hr 18 hr 24 hr
Initial 31.6 43.4 59.2 72.3 79.2 85.7 90.3

28 days 32.3 43.7 59.2 72.6 80.7 86.8 91.5
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Table 12 - Dissolution of Example 4

Time 1 hr , 2 hr 4 hr 8 hr 12 hr 18 hr 24 hr
Initial 29.3 37.2 52.1 66.4 73.9. 80.4 85.4
28 days 31.1 37.0 . 51.4 66.0 73.7 81.3 86.2

Stability studies of the Aquacoat-coated hydromorphone
beads of Examples 2-4, as set forth above, show the initial
dissolutions to be the same as dissolutions done on samples
placed at 37°C/80%VRH conditidns.

EXAMPLES 5 - 8

= In Examples 5 - 8, a single dose six-way randomized
cross-over study (one week wash-out) was conducted in 12
patients and compared to the results obtained with an
equivalent dose of an immediate release preparation. Blood
samples were taken initially, 0.25, 0.5, 0.75, 1, 1.5, 2,
2.5, 3, 3.5, 4, 6, 8, 10, 12, 18, 24, 30, 36 and 48 hours
after administration in order to determine plasma levels.
Comparative Example'A is 8 mg of a hydromorphone immediate
release formulation (two fablets of Dilaudid® 4 mg tablets,
commercially available from Knoll). Example 5 is an 8 mg’
dose of the encapsulated hydromorphone beads of Example 1.

Example 6 is an 8 mg dose of the encapsulated hydromorphone

beads of Example 2. Example 7 is an 8 mg dose of the en-

capsulated hydromorphone beads of Example 3. Example 8 is
an 8 mg dose of the encapsulated hydromorphone beads of
Example 4.

The results obtained for Comparative Example A are set
forth in Figure 1. The results obtained for Example 5 are
set forth in Figure 2. The results obtained for Example 6
are set forth in Figure 3. The results obtained for
Example 7 are set forth in Figure 4. The results obtained
for Example 8 are set forth in Figure 5. Figure 6 shows
the plasma levels of Example 5 plotted against the results
for Comparative Example A. The results for Examples 5-8
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are further set forth in Tables 13 and 14 below, which pro-
vide data regarding area under the curve (bioavailability),
the peak plasma concentration (C,,), and the time to reach

peak plasma concentration (t,.).

TABLE 13
Product AUC Crax Toax
Comparative Example 1
2 Dilaudid Tablets 12427 .3013 1.10
Example 6 6718 1070 2.58
Example 7 9933 1265 2.39
Example 8 8695 1138 0.88
TABLE 14
Product  auc C.o T PW@HH
2 Dilaudid 12427+ 3013% 1.10% 1.67%
4 mg Tablets 1792 539 0.14 0.22
Example 5 13707 1211+ 4.42% 7.79%
' 1381 153 0.38 1.96
Example 5 110% 40% 402% 466%

It méy be concluded with respect to Example 7 that it

'is 88% bioavailable (which 1is acceptable to regulatory

agencies such as the U.S. FDA); Example 7 has a reduced C,,,
of about one-half that of the Comparative Example A; and
has a t,, of 2.39 hours, as compared to a t,, of 1.1 hours
for Comparative Example A.

Dilaudid 'is known to be effective for about 6 hours.
As can be ascertained from Figure 1, blood levels for 8 mg
Dilaudid at 6 hours were about 300 pg/ml hydromorphone.
Therefore, a circulating concentration of about 300 pg/ml
should be an effective analgesic concentration in the
plasma.

In contrast, the results obtained for Example 5 showed
that at the 12th hour after administration, the blood
levels of hydromorphone were over 500 pg/ml hydromorphone,
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and at the 24th hour after administration, the plasma
levels were well over 300 pg/ml. Therefore, this product
is considered to be suitable for once a day administration,
and is considered to be an opioid-sparing formulation.

5 ) _ Example 7, on the other hand, provided levels of over
300 pg/ml at the 12th hour after administration, with
levels of about 250 pg/ml at the 24th hour after admini-
stration. However, the dose of hydromorphdne administered
in Example 7 was only 8 mg every 24 hours. In contrast, in

10 order to maintain analgesia using the immediate-release
formulation, the total dose necessary over the same period
would be 16 mg (4 mg every 6 hours). From Figure 4, it is
apparent that if 2 capsules of Example 7 are administered,
the minimum or trough concentration will be above the level

15 of 300 pg/ml for the full 24 hour period. Two capsules of
Example 7 would amount to the same dose over the 24 hour
period as the immediate-release formulation. However; the
amount of beads included in the final formulation might be

adjusted to provide a final formulation having a 24 hour

ﬁéﬁ dose which is substantially less than the immediate-release
fS:f formulation over the same period. Example 7 is therefore
:::i also considered to be an opioid sparing formulation. There-
::.x fore, this product is considered to be suitable for once a
et day administration. b

.25 B

EXAMPLES 9 = 10

- In Examples 9 - 10, a single dose 4-way randomized
I cross-over study was conducted in 10 subjects. Example 9
,L'; ' was an 8 mg dose of the hydrohorphone beads of Example 5 -
.“50 fasted; whereas Example 10 is an 8 mg dose of the hydro-
I morphone beads of Example 5 - fed. In Comparative Example

. »
KXY XYY

B, 8 mg of immediate release hydromorphone (2 Dilaudid 4 mg

tablets) were administered-fasted. 1In Comparative Example

C, 8 mg of immediate release hydromorphone.(z Dilaudid 4 mg
35 " tablets) were administered-fed.
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The plasma levels for Comparative Examples B and C are
set forth in Figure 7, whereas the plasma levels  for
Examples 9 and 10 are set forth in Figure 8. The results
for Examples 9 - 10 and Comparative Examples B and C are
further set forth in Table 15, which provides data regard-
ing area under the curve and percent.absorbed as compared
to immediate release (bioavailability), the peak plasma
concentration (C,,), and the time to reach peak plasma

max) *

concentration (t

TABLE 15
Group " AUC IR Toax  Crax
Example 9 ' 21059 101 4.9 1259
Example 10 | 25833 106 4.6 1721
Comparative Example B 20903 100 0.85 3816
Comparative Example C | 24460 100 1.15 3766

As can be ascertained from the results provided by
Examples 9-10 and Comparative Examples B and C, there was
a minimal food effect for both the immediate release tab-
lets and the controlled-release beads of Examples 9 and 10,
with a small increase in bioavailability for the controll-
ed-release beads of Examples 9 and 10. The plasma levels
again confirm that this product is suitable for once a day
and twice a day administration. In the 24th hour, the
controlled-release product provided plasma levels of nearly
600 pg/ml and at the 12th hour provided plasma levels of
over 700 pg/ml. V '

EXAMPLES 11 - 12

In Examples 11 -12, a steady state 3-way cross-over
study was conducted for 4 days. In Comparative Example D,
the subjects were dosed with 8 mg immediate release hydro-
morphone (2 Dilaudid 4 mg tablets) every 6 hours. In
Example 11, 8 mg of the hydrdmorphone beads of Example 5
were administered every 12 hours. 1In Example 12, 8 mg of
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the hydromorphone beads of Example 5 were administered
every 24 hours. Oon the fourth day, blood samples were
ﬁaken.

The plasma levels for Comparative Example D versus the
plasma levels for Examples 11 and 12 are set forth in
Figure 9. The troughvlevels for Comparative Example D
versus the plasma levels for Examples 11 and 12 are set
forth in Figure 10 (the values for Example 12 are doubled
in Figure 10). The results for Examples 11-12 and Compara-
tive Example D are further set forth in Table 16, which

provides data regarding area under the curve and percent

absorbed as compared to immediate release (bioavailabil-
ity), the peak plasma concentration (C,.,), and the time to

reach peak plasma concentration (t,.,).

" TABLE 16
Group AUC AUC* Toix  Chax  Coax*®
Example 11 62223 27595 5.5 3475 2232
Example 12 39233 28879 4.8 2730 2189
VComparative Example D 47835 22236 1.0 3124 2163

*AUC*=0-12 hr. for Q12H, 0-24 hr. for Q24H, and 0-12 hr.
for Q6H

*Crax*=Ch.x Minus zero time value

With reference to the area under the curve (AUC) as a
measure of bioavailability, it can be ascertained from the
data provided in Table 16 that Comparative Example D and
Examples 11 and 12 all have an equivalent AUC increased
over the dosing interval, indicating that all dosage
regimes are bioavailable.

Furthermore, in this study, Example 12 which was only
dosed at 8 mg every 24 hours, shows that this formulation
provides an excellent 24 hour preparation if the amount of
beads are doubled to provide a once a day dosage of 16 ng,
which is the equivalent amount of hydromorphone dosed by
the immediate release formulation (4 mg every 6 hours).
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The minimum or trough concentration shown in Figure 10 for
Example 12 show that this product will be the equivalent of
the 4 mg immediate release formulation (dosed every 6
hours), and therefore this would provide an excellent once
a day product.

EXAMPLE 13
Controlled-Release Morphine Sulfate
30 mg Formulation - Acrylic Polymer Coating
Example 13 was prepared in the same manner as Example
1. .The complete formula for the beads of Example 13 is set

‘forth in Table 17 below:

TABLE 17
Drug Loading
Ingredients Amt/Unit
Morphine Sulfate Powder 30.0 mg
Lactose Hydrous Impalpable 42.5 mg
Povidone 2.5 mg
Nupareil PG 18/20 125.0 mg
Purified Water gs
Opadry Red YS-1-1841 ~10.5 mg
Purified Water gs

Retardant Coating

Eudragit RS30D 10.3 mg .
Eudragit RL30D 0.2 mg
Triethyl Citrate 2.1 mg
Talc ' 4.2 mg
Purified Water gs

Second Overcoat

Opadry Red YS-1-1841 - 12.0
Purified Water —as_
Total ©239.3 mg

The ratio of Eudragit RS30D to Eudragit RL30D is 98:2.
After completion of the final overcoat, the morphine beads
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were cured in a 45°C oven for 2 days. The cured beads were
then filled into gelatin capsules at a 30 mg strength.

Dissolution studies were conducted on the Eudragit-
coated morphine beads of Example 13 both initially and
after 3 months under accelerated storage conditions. The
results are set forth in Table 18 below:

TABLE 18
Storage Dissolution
Conditions (3 Dissolved) Time (Hours)
Testing Time 1 2 4 8 12
Initial 2.6 24.7 60.5 89.4 98.8
1- Manth 40°C/75% RH 5.8 27.3 62.0 89.8 99.1
3 Months 40°C/75% RH 6.8 26.5 65.3 87.6 95.1

The dissolutions set forth in Table 18 show the beads
of Example 13 to be stable.

A double-blind single dose cross-over study was then
conducted in 12 subjects with regard to the dosage form of
Example 13 against a standard formulation (Comparative
Example E). In Comparative Example E, a commercially
available controlled-release morphine sulfate tablet (MsS
contin®, available from the Purdue Frederick Company) is
administered. The results are set forth in Figure 11,
wherein the plasma levels of two times the dose of Example
13 are plotted against the plasma levels obtained with

Comparative Example. E.

The examples provided above are not meant to be ex-
clusive. Many other variations of the present invention
would be obvious to those skilled in the art, and are con-

templated to be within the scope of the appended claims.
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The claims defining the invention are as follows:

I. A solid controlled release oral dosage form, the dosage form consisting of a
plurality of inert pharmaceutical beads coated with an analgesically effective amount of an
opioid analgesic or a mixture of opioid analgesics or a salt thercof, said inert pharmaceutical
beads overcoated with a controlled-release coating, wherein the dissolution rate jn-vitro of
the dosage form, when measured by the USP Paddle Method of U.S. Pharmacopeia XXII
(1990) at 100rpm at 900ml aqueous buffer at 1.6 and 7.2 pH and 37°C is trom about 16.8%
to about 42.5% (by wt) opioid released after 1 hour, from about 25% to about 65% (by wt)
opioid released after 2 hours, from about 45% to about 85% (by wt) opioid released after
4 hours and greater than about 60% (by wt) opioid released after 8 hours, the in-vitro rclease
rate being substantially independent of pIl in that a difference at any given time between an
amount of opioid relcased at one pH and an amount released at any other pH, when
measured in-vitro using the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at
L0Orpm 1 900ml aqueous buffer, is no greater than 10%, the in-vitro rclease rate being
chosen such that the peak plasma level of said opioid obtained in-vivo occurs from about 2
to about 8 hours after administration of the dosage form,said dosage form providing an
extended duration of therapeutic effect of about 24 hours.

2. The dosage [orm of claim 1, wherein said opioid analgesic is selected from the

croup consisting of hydromorphone, oxycodone, morphine, levorphanol, methadone,
meperidine.  heroin, dihydrocodeine, codeine, dihydromorphine, buprenorphine, salts
thereof, and mixtures thereof.
3. A dosage form according to claim 1, wherein said incrt pharmaceutical beads
are coated with a pharmaceutically acceptable hydrophobic material selected from the group
consisting of an alkylcellulose, an acrylic polymer, shellac, zein, hydrogenated castor oil,
hydrogenated vegetable oil and mixtures of any of the foregoing.

4. A dosage form according to claim 3, wherein said hydrophobic material is
applied to said nert pharmaceutical beads as an aqueous dispersion.

5. A dosage form according to any onc of claims | to 4, wherein said opioid
analgesic consists of from about 4mg to about 64mg hydromorphone.

6. A dosage form according to claim 4, wherein said opioid analgesic consists of
from about 15mg to about 800mg morphine.

7. A dosage form according to any one of claims 1 to 4, whercin said opioid

analgesic consists of from about 10mg to about 400mg oxycodone.

8. A dosage form according to any one of claims 1 to 4, which provides a peak

T A TN

'-.*(.{-IALy;J,'as\;nm level of said opioid in-vivo from about 4 to about 6 hours after administration.

W, g
\/\ENT ?ﬁ [I\DAYLIB\LIBA]374460d1b.doc:gcc
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9. A process for the preparation of a solid controlled release oral dosage form, the
dosage form consisting of a plurality of inert pharmaceutical beads coated with an
analgesically effective amount of an opioid analgesic or a mixture of opioid analgesics or a
salt thereof, said inert pharmaceutical beads overcoated with a controlled-release coating,
substantially as hereinbefore described with reference to any one of Examples 1 to 4 or 13.

10. A solid, controlled release, oral dosage form, the dosage form prepared by a
process according to claim 9.

[1. A solid controlled release oral dosage form, the dosage form consisting of a
plurality of inert pharmaceutical beads coated with an analgesically effective amount of an
opioid analgesic or a mixture of opioid analgesics or a salt thereof, said inert pharmaceutical
beads overcoated with a controlled-release coating, substantially as hereinbefore described
with reference to any one of Examples 1 to 4 and 13.

2. A process for the preparation of a pharmaceutical composition, comprising
preparing a solid controlled release oral dosage form. the dosage form consisting of a
plurality of inert pharmaceutical beads coated with an analgesically effective amount of an
oploid analgesic or a mixturc ol opioid analgesics or a salt thereof said inert pharmaceutical
beads overcoated with a controlled-release coating, wherein the dissolution rate in-vitro of
the dosage form, when measured by the USP Paddle Method of U.S. Pharmacopeia XXII1
(1990) at 100rpm at 900ml aqueous bufter at 1.6 and 7.2 pH and 37°C is from about 16.8%
to about 42.5% (by wt) opioid released after 1 hour, from about 25% to about 65% (by wt)
opioid released after 2 hours, from about 45% to about 85% (by wt) opioid released after 4
hours and greater than about 60% (by wt) opioid released after 8 hours, the in-vitro release
rate being substantially independent of pI in that a difference at any given time between an
amount of opioid released at one pH and an amount released at any other pH, when
measured in-vitro using the USP Paddle Method of U.S. Pharmacopeia XXII (1990) at
100rpm in 900ml aqueous buffer, is no greater than 10%, the in-vitro release rate being
chosen such that the peak plasma level of said opioid obtained in-vivo occurs from about 2
to about 8 hours after administration of the dosage form, said dosage form providing an
extended duration of therapeutic effect of about 24 hours.

3. The process of claim 12, wherein said opioid analgesic is selected from the
eroup consisting of an alkylcellulose, an acrylic polymer, shellac, zein, hydrogenated castor
oil, hydrogenated vegetable oil and mixtures of any of the foregoing.

14.  The process of claim 12, wherein said dosage form provides a peak plasma of

said opioid analgesic from about 4 to about 6 hours after administration.

[I\DAYLIB\LIBA]374460d1b.doc:gcc



Mt

37

15. The process of claim 12, wherein said inert pharmaceutical beads are coated
with a pharmaceutically acceptable hydrophobic material selected from the group consisting
of alkylcellulose, an acrylic polymer, shellac, zein, hydrogenated castor oil, hydrogenated
vegetable oil, and mixtures of any of the foregoing.

6. The process of any one of claims 12 to 15, further comprising placing a
sufficient quantity of said coated inert pharmaccutical beads into a capsule to provide a
once-a-day dosage form.

I'7. The process of any one of claims 12 to 16 wherein the dosage lorm is a dosage
form of any onc of claims 1,2, 5to 8, 10 or 11.

I8. A pharmaceutical composition prepared by a process according to any one of
claims 12 to 17.

19. A pharmaceutical composition comprising a dosage form consisting of a
plurality of inert pharmaceutical beads coated with an analgesically effective amount of an
opioid analgesic or a mixture of opioid analgesics or a salt thereof, said inert pharmaceutical
beads overcoated with a controlled-release coating, substantially as hereinbetore described
with refcrence to any one of Examples 1 to 4 and 13.

20. A method for providing effective pain management in humans for a time period
ol about 24 hours comprising orally administering said dosage torm of any one of claims 1,
2.5 to 8, 10 or 11, or the said pharmaceutical composition of claim 17 or claim 18, to a
human patient once a day.

21.  The dosage form of any one of claims 1, 2, 5 to 8, 10 or 11, or the
pharmaceutical composition of claim 18 or claim 19, when used for providing effective pain
management in humans for a time period of about 24 hours by once-a-day oral
administration of said dosage form or pharmaceutical composition.

22, Use of the dosage form of any one of claims 1. 2, 5 to 8 10 or 11, or the
pharmaceutical composition of claim 18 or claim 19 for the manufacture of a medicament
for providing effective pain management in humans for a time period of about 24 hours by
once-a-day oral administration of said dosage form or pharmaceutical composition.

23. A method as dcfined in claim 20, a dosage form or pharmaceutical composition
as defined in claim 21, or use as defined in claim 22, substantially as hercinbefore described
with reference to any one of the Examples.

24. A medicament manufactured by the use of claim 22 or claim 23.

25. Use of a pharmaceutical composition prepared by a process, comprising

preparing a solid controlled release oral dosage [orm, the dosage form consisting of a

""‘""‘Qp\luralily of inert pharmaceutical beads coated with an analgesically effective amount of an

.
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\i“
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opioid analgesic or a mixture of opioid analgesics or a salt thereof, said inert pharmaceutical
beads overcoated with a controlled-release coating, wherein the dissolution rate in-vitro of
the dosage form, when measured by the USP Paddle Method of U.S. Pharmacopeia XXII
(1990) at 100rpm at 90ml aqueous buffer at 1.6 and 7.2 pH and 37°C is from about 16.8%
to about 42.5% (by wt) opioid released after 1 hour, from about 25% to about 65% (by wt)
opioid released after 2 hours, from about 45% to about 85% (by wt) opioid released after
4 hours and greater than about 60% (by wt) opioid released after 8 hours, the in-vitro release
rate being substantially independent of pH in that a difference at any given time between, an
amount of opioid released at one pH and amount released at any other pH, when measured
in-vitro using the USP Paddle Method or U.S. Pharmacopeia XXII (1990) at 100rpm in
900ml aqueous buffer, is no greater than 10%, the in-vifro release rate being chosen such
that the peak plasma level of said opioid obtained in-vivo occurs from about 2 to about
& hours after administration of the dosage form,said dosage form providing an extended
duration of therapeutic eftect of about 24 hours.
26. Use of a solid controlled release oral dosage form for providing effective pain
management in humans for a time period of about 24 hours, comprising orally administering
said dosage form of any one of claims 1,2, 5to 8, 10 or 11 to a human patient once a day.

27.  The use of claim 25, wherein said opioid analgesic is selected from the group

.::5.: consisting of hydromorphone, oxycodone, morphine, levorphanol, methadone, meperidine,
:::E.: 20 heroin, dihydrocodeine, codeine, dihydromorphine, buprenorphine, salts thereof, and
::".g mixtures thereof.
g.s.:: 28.  The usc of claim 25, wherein said dosage form provides a peak plasma of said
opioid analgesic from about 4 to about 6 hours after administration.
::“: 29.  The use of claim 25, wherein said inert pharmaceutical beads are coated with a
:":. 25 pharmaceutically acceptable hydrophobic material selected from the group consisting of
egeers alkylcellulose, an acrylic polymer, shellac, zein, hydrogenated castor oil, hydrogenated
::::' veeetable oil, and mixtures of any of the foregoing.
":gﬂ 30.  The use of any one of claims 25 to 29, further comprising placing a sufficient
::::: quantity of said coated inert pharmaceutical beads into a capsule to provide a once-a-day
w  dosage form.
Dated 4 January, 2000
Euro-Celtique, S.A.
Patent Attorneys for the Applicant/Nominated Person
SRAL SPRUSON & FERGUSON
;‘&;0 @LU/.%
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