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PREPARATION OF INJECTABLE
SUSPENSIONS HAVING IMPROVED
INJECTABILITY

This application is a continuation of Ser. No. 09/577,875,
filed May 25, 2000, now U.S. Pat. No. 6,495,164.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to preparation of injectable
compositions. More particularly, the present invention
relates to injectable suspensions having improved
injectability, and to methods for the preparation of such
injectable suspensions.

2. Related Art

Injectable suspensions are heterogeneous systems that
typically consist of a solid phase dispersed in a liquid phase,
the liquid phase being aqueous or nonaqueous. To be effec-
tive and pharmaceutically acceptable, injectable suspensions
should preferably be: sterile; stable; resuspendable; syringe-
able; injectable; isotonic; and nonirritating. The foregoing
characteristics result in manufacturing, storage, and usage
requirements that make injectable suspensions one of the
most difficult dosage forms to develop.

Injectable suspensions are parenteral compositions in that
they are introduced into an organism or host by means other
than through the gastrointestinal tract. Particularly, inject-
able suspensions are introduced into a host by subcutaneous
(SC) or intramuscular (IM) injection. Injectable suspensions
may be formulated as a ready-to-use injection or require a
reconstitution step prior to use. Injectable suspensions typi-
cally contain between 0.5% and 5.0% solids, with a particle
size of less than 5 um for IM or SC administration.
Parenteral suspensions are frequently administered through
needles about one-half to two inches long, 19 to 22 gauge,
with an internal diameter in the range of 700 to 400 microns,
respectively.

To develop an effective and pharmaceutically acceptable
injectable suspension, a number of characteristics must be
evaluated. These characteristics include syringeability,
injectability, clogging, resuspendability, and viscosity. As
will be readily apparent to one skilled in the art, other
characteristics and factors should be considered in develop-
ing an injectable suspension (see, for example, Floyd, A. G.
and Jain, S., Injectable Emulsions and Suspensions, Chapter
7 in Pharmaceutical Dosage Forms: Disperse Systems Vol.
2, Edited by Lieberman, H. A., Rieger, M. M., and Banker,
G. S., Marcel Dekker, New York (1996), the entirety of
which is incorporated herein by reference and referred to
herein as “the Floyd et al. Chapter”).

Syringeability describes the ability of an injectable sus-
pension to pass easily through a hypodermic needle on
transfer from a vial prior to injection. It includes character-
istics such as ease of withdrawal, clogging and foaming
tendencies, and accuracy of dose measurements. As
described in the Floyd et al. Chapter, increase in the
viscosity, density, particle size, and concentration of solids
in suspension hinders the syringeability of suspensions.

Injectability refers to the performance of the suspension
during injection. Injectability includes factors such as pres-
sure or force required for injection, evenness of flow, aspi-
ration qualities, and freedom from clogging.

Clogging refers to the blockage of syringe needles while
administering a suspension. It may occur because of a single
large particle, or an aggregate that blocks the lumen of the
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needle due to a bridging effect of the particles. Clogging at
or near the needle end may be caused by restrictions to flow
from the suspension. This may involve a number of factors,
such as the injection vehicle, wetting of particles, particle
size and distribution, particle shape, viscosity, and flow
characteristics of the suspension.

Resuspendability describes the ability of the suspension
to uniformly disperse with minimal shaking after it has stood
for some time. Resuspendability can be a problem for
suspensions that undergo “caking” upon standing due to
settling of the deflocculated particles. “Caking” refers to a
process by which the particles undergo growth and fusion to
form a nondispersible mass of material.

Viscosity describes the resistance that a liquid system
offers to flow when it is subjected to an applied shear stress.
A more viscous system requires greater force or stress to
make it flow at the same rate as a less viscous system. A
liquid system will exhibit either Newtonian or non-
Newtonian flow based on a linear or a non-linear increase,
respectively, in the rate of shear with the shearing stress.
Structured vehicles used in suspensions exhibit non-
Newtonian flow and are typically plastic, pseudoplastic, or
shear-thinning with some thixotropy (exhibiting a decrease
in viscosity with an increase in the rate of shear).

In design of injection vehicles, viscosity enhancers are
added in order to retard settling of the particles in the vial
and syringe. However, viscosity is typically kept low, in
order to facilitate mixing, resuspension of the particles with
the vehicle, and to make the suspension easier to inject (i.e.,
low force on the syringe plunger). For example, Lupron
Depot from TAP Pharmaceuticals (mean particle size of
approximately 8 um) utilizes an injection vehicle with a
viscosity of approximately 5.4 cp. The fluid phase of a
suspension of Decapeptyl from DebioPharm (mean particle
size of approximately 40 um), when prepared as directed,
has a viscosity of approximately 19.7 cp. Conventional
parenteral suspensions are dilute, with limitations for vis-
cosity because of syringeability and injectability constraints.
See, for example, the Floyd, et al. Chapter noted above.

Injectable compositions containing microparticle prepa-
rations are particularly susceptible to injectability problems.
Microparticle suspensions may contain 10-15% solids, as
compared with 0.5-5% solids in other types of injectable
suspensions. Microparticles, particularly controlled release
microparticles containing an active agent or other type of
substance to be released, range in size up to about 250 um,
as compared with a particle size of less than 5 um recom-
mended for IM or SC administration. The higher concen-
tration of solids, as well as the larger solid particle size,
make it more difficult to successfully inject microparticle
suspensions. This is particularly true since it is also desired
to inject the microparticle suspensions using as small a
needle as possible to minimize patient discomfort.

Thus, there is a need in the art for an injectable compo-
sition with improved injectability. There is a particular need
in the art for an injectable composition that solves the
injectability problems associated with microparticle suspen-
sions. The present invention, the description of which is
fully set forth below, solves the need in the art for such
injectable compositions.

SUMMARY OF THE INVENTION

The present invention relates to injectable compositions
having improved injectability, and to methods for the prepa-
ration of such injectable compositions. In one aspect of the
invention, a composition suitable for injection through a
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needle into a host is provided. The composition comprises
microparticles having a polymeric binder, with a mass
median diameter of at least about 10 um. The composition
also includes an aqueous injection vehicle (the injection
vehicle not being the aqueous injection vehicle that consists
of 3% by volume sodium carboxymethyl cellulose, 1% by
volume polysorbate 20, 0.9% by volume sodium chloride,
and a remaining percentage by volume of water). The
microparticles are suspended in the injection vehicle at a
concentration of greater than about 30 mg/ml to form a
suspension, the fluid phase of the suspension having a
viscosity of at least 20 cp at 20° C. In other embodiments,
the fluid phase of the suspension has a viscosity at 20° C. of
at least about 30 cp, 40 cp, 50 cp, and 60 cp. The compo-
sition may also comprise a viscosity enhancing agent, a
density enhancing agent, a tonicity enhancing agent, and/or
a wetting agent. The composition can be administered to a
host by injection.

In another aspect of the present invention, a method of
making a composition suitable for injection through a needle
into a host is provided. The method comprises:

(a) providing microparticles comprising a polymeric
binder, said microparticles having a mass median diam-
eter of at least about 10 um;

(b) providing an aqueous injection vehicle having a
viscosity of at least 20 cp at 20° C., wherein said
injection vehicle is not the aqueous vehicle consisting
of 3% by volume sodium carboxymethyl cellulose, 1%
by volume polysorbate 20, 0.9% by volume sodium
chloride, and a remaining percentage by volume of
water; and

(c) suspending the microparticles in the aqueous injection
vehicle at a concentration of greater than about 30
mg/ml to form a suspension.

In a further aspect of the present invention, another
method for preparing a composition suitable for injection
through a needle into a host is provided. In such a method,
dry microparticles are mixed with an aqueous injection
vehicle to form a first suspension. The first suspension is
mixed with a viscosity enhancing agent to form a second
suspension. The viscosity enhancing agent increases the
viscosity of the fluid phase of the second suspension. The
first suspension may be withdrawn into a first syringe, prior
to mixing with the viscosity enhancing agent. The first
suspension may be mixed with the viscosity enhancing agent
by coupling the first syringe containing the first suspension
to a second syringe that contains the viscosity enhancing
agent. The first suspension and the viscosity enhancing agent
are then repeatedly passed between the first and second
syringes.

In yet a further aspect of the present invention, a method
for administering a composition to a host is provided. The
method comprises:

(2) mixing dry microparticles with an aqueous injection

vehicle to form a first suspension;

(b) mixing the first suspension with a viscosity enhancing
agent to form a second suspension, wherein the vis-
cosity enhancing agent increases the viscosity of the
fluid phase of the second suspension; and

(c) injecting the second suspension into the host.

In still a further aspect of the present invention, another
method for administering a composition to a host is pro-
vided. The method comprises:

(2) mixing dry microparticles with an aqueous injection
vehicle to form a suspension, wherein the aqueous
injection vehicle has a viscosity at 20° C. of less than
about 60 cp;
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(b) changing the viscosity of the fluid phase of the
suspension;

(c) withdrawing the suspension into a syringe; and

(d) injecting the suspension from the syringe into the host.
In a further aspect of the invention, step (b) is carried out by
changing the temperature of the fluid phase of the suspen-
sion. In another aspect, step (c) is performed prior to step (b).
Step (b) may be carried out by adding a viscosity enhancing
agent to the suspension in the syringe to thereby increase the
viscosity of the fluid phase of the suspension.

In still a further aspect of the invention, a method for
preparing a composition suitable for injection through a
needle into a host is provided. The method comprises:

(a) mixing dry microparticles with an aqueous injection
vehicle that comprises a viscosity enhancing agent to
form a suspension;

(b) removing water from the suspension; and

(c) reconstituting the suspension with a quantity of sterile
water for injection to form an injectable suspension,
wherein the quantity of sterile water for injection is
sufficient to achieve a viscosity of a fluid phase of the
injectable suspension that provides injectability of the
composition through a needle ranging in diameter from
18-22 gauge.

Features and Advantages

A feature of the present invention is that the injectable
compositions can be used to inject varying types of
microparticles, and varying types of active agents or other
substances, into a host.

A further feature of the present invention is that it allows
microparticles to be wetted to achieve a homogeneous
suspension, while improving injectability into a host and
reducing in vivo injectability failures.

The present invention advantageously provides medically
acceptable injectability rates for high concentration
suspensions, and for suspensions having large particle size.

The present invention also advantageously provides an
efficient method of improving in vivo injectability without
introducing microbial contamination or compromising asep-
tic conditions.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
Overview

The present invention relates to injectable compositions
having improved injectability, and to methods for the prepa-
ration of such injectable compositions. The injectable com-
positions of the present invention overcome injectability
problems, particularly injectability failures that occur upon
injection into muscle or subcutaneous tissue. Such inject-
ability failures will be referred to herein as “in vivo inject-
ability failures.” In vivo injectability failures often manifest
themselves in the form of a plug at the tip of the needle, and
occur immediately or shortly after injection has been initi-
ated. In vivo injectability failures are typically not predicted
by laboratory or other in vitro testing.

The inventors have unexpectedly discovered that inject-
ability is improved, and in vivo injectability failures signifi-
cantly and unexpectedly reduced, by increasing the viscosity
of the fluid phase of an injectable suspension. This is in
contrast to conventional teachings that an increase in the
viscosity hinders injectability and syringeability.

Viscous vehicles, however, are not optimal for preparing
homogeneous suspensions of microparticles because of the
relative inability of viscous vehicles to penetrate and wet out
a mass of dry particles. Suspensions prepared with viscous
vehicles are prone to clump irreversibly. Consequently, such
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suspensions are not injectable via needles of medically
acceptable size. A further disadvantage of viscous suspen-
sions is the lack of ease of transferring such suspensions
from the vial or container used to prepare the suspension to
the syringe used for injection.

The present invention also solves the additional problems
that arise from use of a viscous injection vehicle. In accor-
dance with the present invention, microparticles are sus-
pended in an injection vehicle having suitable wetting
characteristics. The viscosity of the fluid phase of the
injectable suspension is increased prior to injecting the
suspension in order to improve injectability, and to reduce in
vivo injectability failures.

To ensure clarity of the description that follows, the
following definitions are provided. By “microparticles” or
“microspheres” is meant particles that contain an active
agent or other substance dispersed or dissolved within a
polymer that serves as a matrix or binder of the particle. The
polymer is preferably biodegradable and biocompatible. By
“biodegradable” is meant a material that should degrade by
bodily processes to products readily disposable by the body
and should not accumulate in the body. The products of the
biodegradation should also be biocompatible with the body.
By “biocompatible” is meant not toxic to the body, is
pharmaceutically acceptable, is not carcinogenic, and does
not significantly induce inflammation in body tissues. As
used herein, “body” preferably refers to the human body, but
it should be understood that body can also refer to a
non-human animal body. By “weight %” or “% by weight”
is meant parts by weight per hundred parts total weight of
microparticle. For example, 10 wt. % active agent would
mean 10 parts active agent by weight and 90 parts polymer
by weight. Unless otherwise indicated to the contrary, per-
centages (%) reported herein are by volume. By “controlled
release microparticle” or “sustained release microparticle” is
meant a microparticle from which an active agent or other
type of substance is released as a function of time. By “mass
median diameter” is meant the diameter at which half of the
distribution (volume percent) has a larger diameter and half
has a smaller diameter.

METHOD AND EXAMPLES

The following examples are provided to explain the
invention, and to describe the materials and methods used in
carrying out the invention. The examples are not intended to
limit the invention in any manner.

Example 1

In vitro Sieve Test Study

To evaluate in vivo injectability failures, an in vitro sieve
test study was conducted to assess and predict in vivo
injectability, and to determine the key factors affecting
injectability. The following factors were investigated during
the in vitro sieve test study: injection vehicle formulation;
microparticle morphology; needle diameter; suspension
concentration; and particle size as exhibited by sieve screen
size used to screen the microparticles during the manufac-
turing process.

Three batches of risperidone microparticles were manu-
factured at a 125 gm scale using a process substantially the
same as that disclosed in U.S. Pat. No. 5,792,477, the
entirety of which is incorporated herein by reference (see,
for example, Example 1 in U.S. Pat. No. 5,792,477). Three
batches of risperidone microparticles were manufactured at
a 1 Kg scale using the process described below in Example
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7. All batches had similar particle sizes (ranging from a
Mass Median Diameter of 91 um to 121 um) based on
Hyac-Royco analysis of representative bulk material sieved
through a 180 um sieve screen. A 160 mg or 320 mg quantity
of the microparticles (equivalent to a 50 or 100 mg dose of
the risperidone active agent) was transferred, using a manual
Perry powder filler with a %16 inch ID barrel, into a 5 cc glass
vial, and capped with a Teflon lined septum.

Two injection vehicles were used in the in vitro sieve test
study. The first injection vehicle (“Formula 17) was an
aqueous vehicle consisting of 1.5% by volume carboxym-
ethyl cellulose (CMC), 30% by volume sorbitol, and 0.2%
by volume Tween 20 (polysorbate 20). The viscosity of the
first injection vehicle was approximately 27 cp at 20° C. The
second injection vehicle (“Formula 2”) was an aqueous
vehicle consisting of 0.75% by volume CMC, 15% by
volume sorbitol, and 0.2% by volume Tween 20
(polysorbate 20). The viscosity of the second injection
vehicle was approximately 7 cp at 20° C.

The microparticle suspension was prepared as follows.
The injection vehicle was aspirated into a 5 cc syringe
through a needle. The vehicle was then injected into the
glass vial containing the microparticles, and the needle was
removed. The glass vial was then rolled between the palms
until the microparticles were completely suspended,
approximately one minute. The needle was reinserted into
the vial so that the bevel of the needle was just through the
septum with the opening facing toward the vial bottom. The
vial was inverted and the suspension was withdrawn. The
syringe was rotated 180° around its axis, and the remaining
suspension was aspirated into the syringe.

Sieve screens with mesh opening sizes of 180, 212, 250,
300, 355, and 425 um were used. The bevel of the syringe
needle was placed on the mesh of the sieve screen so that the
bevel was in full contact with the mesh. The needle was
oriented so the opening of the needle was flush against the
mesh of the screen. This prevented the mesh from entering
the bevel, while maintaining the required restrictive area.
The suspension was tried on the smallest sieve mesh first
(highest screen resistance). If the suspension fouled the
needle on this sieve mesh, the needle was unclogged by
retracting the plunger of the syringe, depressing the plunger
while the syringe was in the upward position, and passing an
aliquot of suspension through the needle. The injection
process was tried again using the next greater mesh size, and
repeated until the suspension was successfully injected. All
preparations were done in triplicate.

A three-factor Box-Behnken statistical designed experi-
ment was constructed to evaluate the following independent
variables: manufacturing bulk sieve size (125, 150, and 180
um); needle ID (19 TW, 20 RW, and 22 RW gauge—ID of
19 TW (thin wall) equivalent to 18 RW (regular wall)); and
suspension concentration (0.074, 0.096, and 0.138 w/w—
corresponds to approximately 300 mg microparticle dose
diluted with 4, 3, and 2 cc, respectively, of injection vehicle).
The following scoring system was used:

Score Result

Needle Block

Passes through a 425 um screen
Passes through a 355 um screen
Passes through a 300 um screen
Passes through a 250 um screen
Passes through a 212 um screen

v W= O

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




