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(57) ABSTRACT

The present invention provides exemplary systems and meth-
ods for producing dry powder formulations. In one embodi-
ment, a system (10) includes at least one conditioning zone
(12) having an inlet (20) to introduce an atomized formulation
(18) into the conditioning zone. A controller (14, 16) controls
temperature and relative humidity of the airflow into the
conditioning zone to allow amorphous-to-crystalline trans-
formation of the atomized formulation. In another embodi-
ment, the formulation is suspended in the conditioning zone
for a residence time of sufficient duration to allow surface
orientation of surface active components. A dryer (24) is
coupled to the conditioning zone to dry the atomized formu-
lation, and a collector (28) collects the formulation in powder
form.
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SPRAY DRYING PROCESS CONTROL OF
DRYING KINETICS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of application Ser. No. 09/733,269
filed on Dec. 8, 2000 now U.S. Pat. No. 7,575,761, which is a
continuation-in-part of application Ser. No. 09/607,975 filed
on Jun. 30, 2000 now abandoned, the entire disclosures of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to systems and
methods for manufacturing dry powder formulations. More
specifically, the present invention provides systems and meth-
ods for the production of spray dried powders suitable for
pharmaceutical applications, preferably for dry powders to be
administered by inhalation. According to the invention, the
drying kinetics of a spray drying process may be controlled,
for example, to facilitate surface diffusion of surface active
components or to facilitate amorphous-to-crystalline trans-
formations during the manufacture of dry powder formula-
tions.

BACKGROUND OF THE INVENTION

Over the years, certain drugs have been sold in composi-
tions suitable for pulmonary delivery to treat various condi-
tions in humans. Such pulmonary drug delivery compositions
include an aerosolized drug formulation that is inhaled by the
patient so that the active agent can reach the alveolar region of
the lungs.

Pulmonary drug delivery can be achieved by, for example,
delivery of dry powder formulations to the deep lung. These
powders have been prepared by spray drying as described in
WO 96/32149, WO 99/16419 and U.S. Pat. Nos. 5,976,574,
5,985,248, 6,001,336, and 6,051,256, the disclosures of
which are incorporated herein in their entirety. Preparing
pharmaceutical compositions as stable dry powders by spray
drying, however, poses many challenges. In order to scale up
the spray drying process, it is desirable to increase the total
solids content of the feed stream. It was found, however, that
the emitted dose of powders prepared from higher total solids
content feed streams, that is above about 1% (w/v), declined
significantly.

In addition, the ability to deliver pharmaceutical composi-
tions as dry powders poses many challenges. For example,
particles containing both crystalline and amorphous phases
may exhibit physical or chemical instability. Transformations
of'the materials during storage from amorphous to crystalline
may result in such instability as a result of particle fusion and
other physical changes. Further, crystallization tends to
increase the water content in the remaining amorphous phase
and thereby decrease the glass transition temperature (T,) of
the materials. Increased water content of the amorphous
region increases molecular mobility and may increase chemi-
cal degradation reaction rates (i.e., hydrolysis, aggregation,
etc.). Formulations having a higher percentage of crystallin-
ity are less likely to degrade during storage.

It is known to provide spray dryers with drying zones
which are maintained at different temperatures in order to
provide some control of the drying kinetics. For example,
U.S. Pat. No. 4,257,799 discloses a method for producing
small hollow glass spheres having an outer diameter from
about 100 to 500 microns wherein the method involves intro-
ducing aqueous droplets of a glass-forming solution into a
long vertical drop oven or furnace having varying tempera-
ture regions.
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U.S. Pat. Nos. 5,632,100, 5,924,216 and 4,281,024 also
disclose spray drying with multiple drying zones, in which
larger particles are typically subjected to a secondary drying
in order to achieve desired moisture content.

U.S. Pat. No. 6,051,257 discloses structurally modifying
particles after they are formed by a spray drying process in
order to impart desired physical properties to the particles.
The particle modifier is typically a furnace having tempera-
ture control independent of the spray dryer furnace and is
positioned to receive the formed particles after they exit the
spray dryer furnace.

U.S. Pat. No. 5,874,063 to Briggner et al. describes a
method for increasing the crystallinity of conventional fine
particles by treating the already manufactured fine particles
with a solvent in the vapor phase and then removing the
excess solvent. The solvent may be an organic solvent or it
may be water.

WO 00/64552 discloses a method of spray drying and a
plant therefore whereby spray drying is performed at
increased pressure. The invention is directed to spray drying
where an amorphous product is desired and/or where a high
bulk density powder is desired. Spray drying according to this
disclosure is conducted in a pressurized environment not
below 1.25 bar absolute.

There remains a need to provide control of drying kinetics
of spray drying processes in order to produce particles of
desired physical properties for pharmaceutical applications
such as the preparation of dry powders for inhalation. It is
desirable to provide systems and methods which provide for
dry powders with acceptable pulmonary delivery character-
istics. The present invention overcomes the above shortcom-
ings in the prior art.

SUMMARY OF THE INVENTION

The present invention provides exemplary systems and
methods for producing dry powder formulations which in one
aspect encourage surface diffusion of surface active compo-
nents during the formation of dry powder medicaments, and
therefore have improved emitted doses for pulmonary deliv-
ery. In another aspect of this invention, we have found that it
is possible to provide improved control of the drying kinetics
of spray drying methods in order to encourage amorphous-
to-crystalline transformations during drying without expos-
ing the finished fine particles to added water, solvent or ther-
mal processing. We are thus able to reduce or minimize the
potential instability of a fine particle formulation throughout
its shelf life.

One embodiment of the present invention is directed to
spray drying of pharmaceutical formulations containing sur-
face active components. A system is provided for producing
dry powders wherein the system includes an atomizer and at
least one conditioning zone coupled to the atomizer to sus-
pend an atomized formulation for a residence time where the
atomized formulation remains in the liquid state. A dryer is
coupled to the conditioning zone to dry the formulation exit-
ing the conditioning zone. Further, a collector collects the
dried formulation in powder form. In this manner, by control-
ling the residence time, temperature and relative humidity in
the conditioning zone, the atomized formulation is suspended
in a manner which allows the droplets to reach thermody-
namic equilibrium, wherein the surface active component
diffuses to the surface of the droplets to reach its equilibrium
orientation. According to this aspect of the invention, the
temperature and relative humidity in the conditioning zone is
maintained at levels to minimize droplet drying in the condi-
tioning zone during the period immediately following atomi-
zation, preferably at levels which prevent solvent evaporation
all together.

The present invention further provides methods for pro-
ducing a powdered formulation having a high concentration
of surface active components on the surface of the particles.






