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(7) ABSTRACT

A hematopoietic growth factor delivery composition
includes a hematopoietic growth factor, a liquid vehicle, a
first biocompatible polymer and a second biocompatible
polymer. The composition exhibits reverse-thermal viscosity
behavior, due to interaction between the first biocompatible
polymer and the liquid vehicle. The second biocompatible
polymer helps to protect the first biocompatible polymer
from being dissolved in vivo following administration to a
host.
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COMPOSITION FOR DELIVERY OF
HEMATOPOIETIC GROWTH FACTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims a priority benefit under 35
U.S.C. §119(e) to U.S. Provisional Patent Application No.
60/214,298 entitled “COMPOSITION AND METHOD
FOR DELIVERY OF HEMATOPOIETIC GROWTH FAC-
TOR” filed Jun. 26, 2000 and to U.S. Provisional Patent
Application No. 60/274,891 entitled “COMPOSITION
AND METHOD FOR DELIVERY OF HEMATOPOIETIC
GROWTH FACTOR?” filed Mar. 9, 2001, the entire contents
of each of which are incorporated herein by reference as if
each were set forth herein in full.

FIELD OF THE INVENTION

[0002] The present invention relates to compositions for
delivery of hematopoietic growth factors.

BACKGROUND OF THE INVENTION

[0003] Functionally, hematopoietic growth factors can be
considered to belong to one of three groups. The first or
multilineage group includes interleukin 3 (IL-3) and granu-
locyte macrophage colony stimulating factor (GM-CSF)
which act on early colony forming units (CFU’s) including
colony forming unit-granulocyte, erythrocyte, megakaryo-
cyte, macrophage (CFU-GEMM), colony forming unit-
granulocyte-macrophage (CFU-GM), burst forming units
erythrocyte (BFU-E) or megakaryocytes, (BFU-MK). The
second or unilineage group includes erythropoietin (EPO),
granulocyte colony stimulating factor (G-CSF), interleukin
5 (IL-5), macrophage colony stimulating factor (M-CSF)
and thrombopoietin (TPO), and act on later hematopoietic
progenitors (i.e., colony forming unit erythrocyte (CFU-E),
colony forming unit megakaryocyte (CFU-MK), and colony
forming unit eosinophil (CFU-Eo). The third or “potentiat-
ing” group includes interleukin 6 (IL-6), interleukin 11
(IL-11), lymphocyte inhibitory factor (LIF), fibroblast
growth factor basic (FGFb), stem cell factor (SCF) and Flt3
ligand (F1t3-L), and act to potentiate the activities of other
hematopoietic factors. Within the third group, SCF and
F1t3-L both show marked activity on hematopoietic stem
cells and thus have been considered special circumstance/
stem cell growth factors.

[0004] G-CSF and GM-CSF are two commonly used
hematopoietic growth factors. The principal action of
G-CSF is the stimulation of colony forming unit granulocyte
(CFU-G), which in vivo manifests into an augmented pro-
duction of polymorphonuclear leukocyte (neutrophil) as
well as enhancing the phagocytic and cytotoxic functions of
neutrophils in general. G-CSF has been shown to be effec-
tive in the treatment of severe neutropenia following autolo-
gous bone marrow transplantation and high-dose chemo-
therapy. GM-CSF and G-CSF are each used to decrease the
period of neutropenia seen during this type of therapy and
thereby reduces morbidity secondary to bacterial and fungal
infections. When used as a part of an intensive chemo-
therapy regimen, G-CSF can decrease the frequency of both
hospitalization for febrile neutropenia and interruptions in
life-saving chemotherapy protocols. G-CSF also has proven
to be effective in the treatment of severe congenital neutro-
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penias. In patients with cyclic neutropenia, G-CSF therapy,
while not eliminating the neutropenic cycle, will increase
the level of neutrophils and shorten the length of the cycle
sufficiently to prevent recurrent infections. G-CSF therapy
can improve neutrophil counts in some patients with myelo-
dysplasia or marrow damage. The neutropenia of AIDS
patients receiving AZT also can be partially or completely
reversed.

[0005] G-CSF is typically administered by subcutaneous
injection or intravenous infusion at a dose of 1 to 20 ug/kg
per day. The distribution and clearance rate from plasma
(half-life of 3.5 hours) are similar for both routes of admin-
istration. A continuous, 24-hour intravenous infusion can be
used to produce a steady-state serum concentration of the
growth factor. As with GM-CSF therapy, G-CSF is given
daily following bone marrow transplantation or intensive
chemotherapy will increase granulocyte production and
shorten the period of severe neutropenia. In bone marrow
transplantation and intensive chemotherapy patients, con-
tinuous daily administration for 14 to 21 days or longer may
be necessary to correct the neutropenia. With less intensive
chemotherapy, fewer than 7 days of treatment may be
needed.

[0006] Both G-CSF and GM-CSF will increase the num-
ber of marrow progenitor cells in the circulation, a particu-
larly valuable function in patients preparing for stem cell
collection. Post-transplant infusions of harvested stem cells
together with G-CSF or GM-CSF may reduce the severity of
the post-transplant neutropenia.

[0007] One hematopaetic growth factor that has recently
received considerable attention for its unique properties is
F1t3-L. F1t3-L is a transmembrane glycoprotein of approxi-
mately 30 kDa. Mouse and human Flt3-1 share significant
homology at the amino acid level (~70%), and show cross-
species reactivity, so testing human F1t3-L in mouse pro-
duces the same or similar biological effects as would occur
in the human. Cells known to express Flt3-L include human
and mouse T cell lines, as well as architectural cells of the
bone marrow, specifically the bone marrow fibroblast.

[0008] Some of the myelopoietic, or white blood cell
potentiating effects attributed to Flt3-L include: 1) an expan-
sion of CD34+CD38-cell number when used in conjunction
with SCF and IL-3; 2) an increase in high proliferative
potential colony forming cells (HPP-CFC) and CFU-GM
numbers; and 3) in the presence of GM-CSF, the formation
of large numbers of CFU-GM. Individual and direct
myelopoietic effects of Flt3-L include an increase in CFU-
GM, CFU-GEMM and HPP-CFC survival and a preferential
induction of macrophages under certain conditions. Flt3-L
alone apparently has minimal or no effects on erythroid and
megakaryocyte progenitors.

[0009] There is substantial data showing that the system of
F1t3-L. and its receptor also plays an important role in
lymphopoiesis, the processes involved in normal growth and
maturation of lymphocytes. This important activity has been
confirmed in mice made deficient for F1t3-L System. In these
mice hematopoietic populations are essentially normal but
marked deficiencies of early B cell progenitors are found in
the bone marrow. This has led to the suggestion that Flt3-L,
perhaps expressed constitutively by bone marrow fibro-
blasts, is a normal regulator of B cell lymphopoiesis, while
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cytokines produced by activated lymphocytes synergize
with FlIt3-L in times of stress to accelerate B cell develop-
ment

[0010] In addition to its effects on hematopoietic cells and
B cells, Flt3-L has also been shown to stimulate the pro-
duction of dendritic cells, a highly specialized cell involved
in antigen presentation and therefore, normal immunity.
Also, with the observation that FIt3-L stimulates the pro-
duction of dendritic cells, FIt3-L has been identified for
potential use in the area of vaccines, both traditional delivery
of heat killed or otherwise attenuated agents, as well as
protein, peptide or DNA vaccines.

[0011] For additional information on FIt3-L, see, for
example, Shurin et al., “FLT3: Receptor and Ligand. Biol-
ogy and Potential Clinical Application”, Cytokine &
Growth Factor Reviews, Vol. 9, No. 1, pp. 37-48, 1998.

[0012] One of the problems associated with the hemato-
poietic growth factors such as G-CSEF, GM-CSF, SCF and
F1t3-L, is the need for multiple daily injections. This, in turn
leads to another common disadvantage of current injectable
therapies such as these, that being the creation of a saw-
toothlike effect of plasma drug levels. This is due to the
creation of large bolus bursts of drug shortly after injection,
leading to supraphysiologic levels of drug, followed by
rapid drops in plasma drug levels as the drug is cleared from
the body by normal clearance processes. Upon the next
injection, the pattern is repeated with large spikes in plasma
levels followed by sub-therapeutic levels until the next
injection. An additional problem with current hematopoietic
growth factor therapy includes fever and mild-to-moderate
bone pain in patients receiving high doses over a long
period. In addition, local skin reactions and mild to moderate
splenomegaly have been reported.

[0013] There is a significant need for improved formula-
tions and methods for delivery of hematopoietic growth
factors that address one or more of these problems, espe-
cially as treatments involving the use of hematopoietic
growth factors continue to expand.

SUMMARY OF THE INVENTION

[0014] The hematopoietic growth factor delivery compo-
sition of the present invention provides for sustained deliv-
ery of hematopoietic growth factors, thereby advantageously
increasing the plasma half-life of hematopoietic growth
factors, and thereby also reducing the number of adminis-
trations, and therefore the number of injections, required for
treatment. Moreover, the saw-tooth profiles of drug plasma
levels experienced conventionally should be reduced with
less frequent administrations, as should side effects caused
by the frequent injections with conventional treatments.
Furthermore, it has been found in at least some cases, that
the activity of the hematopoietic growth factor is signifi-
cantly improved when administered in the composition of
the present invention, relative to conventional formulation
and administration. Therefore, not only should fewer admin-
istrations be required for a treatment program, but less
hematopoietic growth factor should also be required in many
instances, which would be expected to generally reduce the
severity of side effects.

[0015] The hematopoietic growth factor delivery compo-
sition of the present invention comprises a hematopoietic
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growth factor, a first biocompatible polymer, a second
biocompatible polymer and a liquid vehicle. The first bio-
compatible polymer and the liquid vehicle interact in such a
manner and are present in such proportions that the com-
position exhibits reverse-thermal viscosity behavior, in that
the viscosity of the composition increases with increasing
temperature over at least some temperature range. The
second biocompatible polymer is a protective colloid.

[0016] The reverse-thermal viscosity behavior of the
delivery composition permits the delivery composition to be
administered to a host as a lower-viscosity flowable
medium, which then converts to a higher-viscosity form in
vivo. The hematopoietic growth factor is then advanta-
geously released in a sustained manner from the protective
environment of the higher-viscosity form of the delivery
composition. To accomplish this result, the delivery com-
position should exhibit reverse-thermal viscosity behavior
over at least some temperature range below the physiologic
temperature of the host. The presence of the second bio-
compatible polymer helps to protect the composition from
premature degradation in vivo due to invasion by aqueous
biological fluids, such as are encountered by the delivery
composition inside the host after administration. The inclu-
sion of the second biocompatible polymer, therefore, is
important to help protect the delivery composition so that
the delivery composition can successfully make the transi-
tion from the lower-viscosity flowable medium to the
higher-viscosity form following administration. Also, the
second biocompatible polymer helps to inhibit premature
dissolution in vivo of the higher-viscosity form, thereby
promoting a prolonged release of the hematopoietic growth
factor. Surprisingly, the inclusion of the second biocompat-
ible polymer has also resulted in an observed significant
increase in the activity of the hematopoietic growth factor
under at least some circumstances. Although the mechanism
of this enhancement is not well understood, the enhance-
ment in activity of the observed hematopoietic growth factor
with the composition is significant and surprising.

[0017] In one embodiment, the composition exhibits a
reverse-thermal gelation property, which is a special case of
reverse-thermal viscosity behavior in which the higher-
viscosity form of the delivery composition is a gel (i.e.,
gelatinous substance). In this preferred embodiment of the
delivery composition, the composition should have a
reverse-thermal liquid-gel transition temperature that is no
higher than the physiologic temperature of the host. The
composition is then administerable to the host as a flowable
medium at a chilled temperature, and as the delivery com-
position warms in the host following administration the
delivery composition converts to the gel form. Because the
gel form is typically substantially immobile, the hematopoi-
etic growth factor is released within the host at the desired
location from the protective environment of the gel to
facilitate sustained delivery of the hematopoietic growth
factor.

[0018] In one preferred embodiment, the delivery compo-
sition is in the form of a flowable medium at least at a first
temperature and in the gel form at least at a second tem-
perature that is higher than the first temperature, but not
higher than the physiologic temperature of the host. For
example, when the delivery composition is intended for use
by a human host, the first temperature could advantageously
be below 20° C., preferably in a range of 10° C. to 20° C.,
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and the second temperature could advantageously be in a
range of 25° C. to 37° C. In any event, with a human host
the delivery composition should be preferably in the gel
form at 37° C. Also, at the first temperature, the first
biocompatible polymer is preferably substantially entirely
dissolved in the liquid vehicle in the form of a solution that
is liquid and flowable to an extent to impart sufficient fluidity
to the delivery composition so that the delivery composition
is administrable to a host by injection. The hematopoietic
growth factor may also be dissolved in the solvent, or may
be in the form of a fine precipitate suspended by the
hematopoietic growth factor/solvent solution. The second
biocompatible polymer will typically be in the form of a
“colloidal solution” in the liquid vehicle, at least at the first
temperature.

[0019] Also, for enhanced performance, the hematopoietic
growth factor should be uniformly dispersed throughout the
gel, which can typically be accomplished by mixing the
composition at a temperature at which the first biocompat-
ible polymer/liquid vehicle combination is in the form of a
flowable liquid solution of the first biocompatible polymer
in the liquid vehicle. In this way the hematopoietic growth
factor can be dissolved in or uniformly dispersed throughout
the solution, and then the temperature of the composition
can be raised to convert the composition to the gel form for
storage prior to use.

[0020] In another aspect, the invention includes a method
for manufacturing a composition in which the hematopoietic
growth factor is dissolved in or dispersed throughout a
solution of the first biocompatible polymer and a solvent for
the first biocompatible polymer. The solvent is typically an
aqueous liquid.

[0021] In yet another aspect, the present invention pro-
vides a method for packaging and storing the hematopoietic
growth factor in the protective environment of the delivery
composition. Handling and storage may be in a gel or liquid
form, as desired.

[0022] Both the foregoing summary description and the
following detailed description are exemplary and are
intended to provide explanation of the invention as claimed.
Other aspects and novel features will be readily apparent to
those skilled in the art from the following detailed descrip-
tion of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a plot in relation to Example 2 showing
pharmacokinetic profiles of G-CSF formulated in buffer
(Buffer Formulation) and according to one embodiment of
the invention (Invention Formulation) described in Table 1.
G-CSF in each of the formulations was administered to
Balb/c mice as a single intramuscular (i.m.) injection con-
taining 7 ug G-CSF. The concentration of G-CSF in serum
was measured via ELISA. Reported are averages of serum
G-CSF levels in 4 mice per sampling time.

[0024] FIG. 2 is a timeline of the study design for
Example 2 employed to assess the pharmacological action of
G-CSF in mice. G-CSF in the Buffer Formulation was
injected twice daily for 3 days and once the day of sampling
for a total of 7 injections. G-CSF in the Invention Formu-
lation was administered as a single injection on day 1 of the
study with sampling at day 4. Injections were given intra-
muscularly (i.m.) to Balb-C mice.
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[0025] FIG. 3 is a bar graph in relation to Example 2 of
the pharmacological action of G-CSF as determined by
mobilization of HPP-CFC cells in peripheral blood. G-CSF
in the Buffer Formulation was injected twice daily for 3 days
and once the day of sampling for a total of 7 injections. Each
injection contained either 0.1, 0.5, or 5.0 ug G-CSF for a
total cumulative dose of 0.7, 3.5, or 35 ug G-CSF/mouse,
respectively. G-CSF in the Invention Formulation was
administered as a single injection on day 1 of the study with
sampling at day 4. The single injection contained either 0.7,
3.5, or 35 ug G-CSF. Injections were given intramuscularly
(i.m.) in Balb/c mice. Mobilization of HPP-CFC was deter-
mined by quantitating the number of HPP-CFC cells upon
cytokine (IL-3)-stimulation of isolated peripheral blood leu-
kocytes.

[0026] FIG. 4 is a plot in relation to Example 4 of the
pharmacokinetic profiles of Flt3-L parent, Flt3-L in PGZ-1,
and Flt3-L in PGZ-2. The various formulations (described in
Table 2) were injected intramuscularly (i.m.) into Balb/c
mice and the levels of Flt3-L in serum were followed for up
to 24 hours for the parent formulation or every 24 hours up
to 96 hours for the PGZ formulations.

[0027] FIG. 5A in relation to Example 4 is a bar chart
showing white blood cell counts (WBC) and FIG. 5B is a
bar chart showing spleen cell counts (SPC) determined in
Balb/c mice following intramuscular (i.m.) injection of
Vehicle control, F1t3-L parent, F1t3-L in PGZ-1, or F1t3-L in
PGZ-2. Values are Mean+SEM of cell counts determined 96
hours following administration of the various formulations.

DETAILED DESCRIPTION

[0028] As used herein, “CFU” means colony forming unit,
“CFU-GEMM” means colony forming unit-granulocyte,
erythrocyte, megakaryocyte, macrophage, “CFU-G” means
colony forming unit-granulocyte, “CFU-GM” means colony
forming unit-granulocyte-macrophage, “CFU-E” means
colony forming unit-erythroid, “CFU-MK” means colony
forming unit-megakaryocyte, and “CFU-Eo” means colony
forming unit-eosinophil.

[0029] As use herein, “BFU” means burst forming unit,

“BFU-E” means burst forming unit-erythroid, and “BFU-
MK” means burst forming unit-megakaryocyte.

[0030] As used herein, “IL” means interleukin.
[0031] As used herein, “EPO” means erythropoietin.

[0032] As used herein “TPO” means thrombopoietin, As
used herein, “CSF” means colony stimulating factor,
“G-CSF” means granulocyte colony stimulating factor,
“M-CSF” means macrophage colony stimulating factor, and
“GM-CSF” means granulocyte-macrophage colony stimu-
lating factor.

[0033] Asused herein, “CFC” means colony forming cells
and “HPP-CFC” means high proliferative potential colony
forming cells.

[0034] As used herein, “FGF” means fibroblast growth
factor and “FGFb” means fibroblast growth factor basic.

[0035] As used herein, “LIF” means leukocyte inhibitory
factor

[0036] The terms “reverse-thermal viscosity property” and
“reverse-thermal viscosity behavior” each refer to a property
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of a material, such as the first biocompatible polymer or the
delivery composition as the case may be, to undergo a
viscosity increase with increasing temperature across at least
some temperature range.

[0037] As used herein, “reverse-thermal gelation prop-
erty” refers to a property of a material, such as the first
biocompatible polymer or the delivery composition, as the
case may be, to change from a flowable medium, typically
a liquid form, to a gel form as the temperature is raised from
below to above a reverse-thermal liquid-gel transition tem-
perature.

[0038] As used herein, “reverse-thermal liquid-gel transi-
tion temperature refers to a temperature at which, or a
temperature range across which, a material, such as the first
biocompatible polymer or the delivery composition, as the
case may be, changes physical form from a flowable
medium, typically a liquid form, to a gel form, as the
temperature of the material is increased.

[0039] The term “reverse-thermal gelation polymer”
refers to a polymer capable of interacting with a liquid
vehicle so that the polymer/liquid vehicle combination
exhibits a reverse-thermal gelation property at least at some
proportions of the polymer and the liquid vehicle.

[0040] As used herein, “biocompatible” means not having
toxic or injurious effects on biological function in a host.

[0041] As used herein, “protective colloid” means a
hydrophilic polymer that has colloidal-size molecules and
that is capable of interacting with water molecules through
hydrogen bonding. By “colloidal-size,” it is meant that one
or more of the molecular dimensions when dispersed in an
aqueous liquid are in a range of one nanometer to one
micrometer.

[0042] The present invention provides a composition for
delivery of hematopoietic growth factor to a biologic host,
preferably a mammalian host, and more preferably a human
host. The composition comprises at least one hematopoietic
growth factor, at least one liquid vehicle, at least a first
biocompatible polymer and at least a second biocompatible
polymer that is different than the first biocompatible poly-
mer. Optionally, the composition may also comprise addi-
tives such as penetration enhancers and protective stabiliz-
ers, and/or an active agent in addition to the hematopoietic
growth factor.

[0043] The hematopoietic growth factor included in the
delivery composition may be any material capable of stimu-
lating hematopoietic cell activity in the intended host. The
delivery composition may include only one type of hemato-
poietic growth factor or may include more than one different
type of hematopoietic growth factors.

[0044] Exemplary hematopoietic growth factors useful in
the delivery composition of the present invention include
those in the multilineage group (including IL-3 and GM-
CSF), the unilineage group (including EPO, G-CSF, IL-5,
M-CSF and TPO) and the “potentiating” group (including
IL-6, IL-11, LIF, FGF b, SCF and FIt3-L).

[0045] The amount of hematopoietic growth factor in the
composition of the present invention varies depending on
the nature and potency of the growth factor. In most situa-
tions, however, the amount of hematopoietic growth factor
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in the composition will be smaller than about 20% w/w
relative to the first biocompatible polymer.

[0046] The present invention provides a hematopoietic
growth factor delivery composition for prolonged, or sus-
tained, delivery of hematopoietic growth factor, thereby
reducing the frequency of administrations as part of a
treatment. Furthermore, it has been found that the delivery
system of the present invention, in at least some circum-
stances, results in enhanced cell generation relative to the
same quantity of hematopoietic growth factor administered
by a conventional method. Not to be bound by theory, but to
aid in the understanding of the invention, it is believed that
the composition of the present invention reduces or elimi-
nates degradation of the hematopoietic growth factor and
allows for a relatively slow sustained administration of
hematopoietic growth factors to the host. In addition, it is
believed that the composition may be targetting the hemato-
poietic growth factor to tissues that would make the most
efficient use of the hematopoietic growth factor.

[0047] The liquid vehicle may be any suitable liquid or
mixture of liquids, but is typically an aqueous liquid. An
important aspect of the delivery composition of the present
invention is that the liquid vehicle and the first biocompat-
ible polymer are selected and included in the delivery
composition in such proportions that the delivery composi-
tion exhibits reverse-thermal viscosity behavior over at least
some temperature range. Therefore, the viscosity of the
delivery composition increases with increasing temperature
over some temperature range. At a first temperature within
the temperature range, the delivery composition is in a
lower-viscosity form, in which the delivery composition is
in the form of a flowable medium. At a second temperature
in the temperature range, which second temperature is
higher than the first temperature, the delivery composition is
in a higher-viscosity form that has a significantly higher-
viscosity than the lower-viscosity form. Preferably the vis-
cosity of the higher-viscosity form is at least 1 times, more
preferably at least 2 times, and even more preferably at least
3 times as great as the viscosity of the lower-viscosity form.
Advantageously, the first temperature is below the physi-
ologic temperature of the host and the second temperature is
at or below the physiologic temperature of the host. In this
way, the delivery composition is administerable to the host
as a flowable medium in the lower-viscosity form at a chilled
temperature, with the delivery composition converting to the
higher-viscosity form as the delivery composition warms up
inside the host following administration. By “flowable,” it is
meant that the delivery composition is sufficiently fluid so as
to be syringable.

[0048] The first biocompatible polymer in the delivery
composition of the present invention typically is a reverse-
thermal gelation polymer. The first biocompatible polymer
and the liquid vehicle are selected, and the delivery com-
position is formulated with relative proportions of the liquid
vehicle and the first biocompatible polymer, so that the
delivery composition exhibits reverse-thermal viscosity
behavior across at least some temperature range, preferably
a temperature range below 40° C., more preferably a tem-
perature range below 37° C. and even more preferably a
temperature range within a range of from 10° C. to 37° C.
Typically, the delivery composition exhibits reverse-thermal
viscosity behavior over at least some temperature range
within a range of 1° C. to 20° C. Due to the reverse thermal
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viscosity behavior of the delivery composition, the delivery
composition can be administered to the host at a cooler
temperature where the composition has a lower-viscosity,
with the viscosity of the composition then increasing in the
host following administration, whereby the mobility of the
composition is severely reduced within the host following
administration. In one embodiment, in the case of a human
host, the delivery composition is preferably in the form of
the lower-viscosity flowable medium at least at a first
temperature at or below 20° C., and more preferably in a
range of 1° C. to 20° C., and the delivery composition is
preferably in the higher-viscosity form at least at a second
temperature in a range of from 25° C. to 37° C.

[0049] In one preferred embodiment, the liquid vehicle
and first biocompatible polymer are selected and included in
the delivery composition in such proportions that the deliv-
ery composition has a reverse-thermal gelation property, so
that the higher-viscosity form is a gel. In this situation, the
delivery composition should have a reverse-thermal liquid-
gel transition temperature that is no higher than the physi-
ologic temperature of the host, but that is high enough to be
convenient for administration to the host in the form of a
flowable medium.

[0050] When the delivery composition has a reverse ther-
mal gelation property, then the delivery composition will
exist in the form of a flowable medium at least at a first
temperature and in the form of a gel at least at a second
temperature that is higher than the first temperature. Pref-
erably both the first and second temperatures are below 40°
C., and more preferably the second temperature is no higher
than 37° C., especially in the case of a human host. A
preferred situation is when the first temperature is in a range
of 1° C. to 20° C. and the second temperature is in a range
of 25° C.to 37° C.

[0051] Any first biocompatible polymer may be used that,
as formulated in the delivery composition, is capable of
interacting with the liquid vehicle to impart the desired
reverse-thermal viscosity behavior to the delivery composi-
tion. Non-limiting examples of some reverse-thermal gela-
tion polymers useful for preparing the delivery composition
include certain polyethers (preferably polyoxyalkylene
block copolymers with more preferred polyoxyalkylene
block copolymers including polyoxyethylene-polyoxypro-
pylene block copolymers referred to herein as POE-POP
block copolymers, such as Pluronic™ F68, Pluronic™
F127, Pluronic™ 1121, and Pluronic™ L1101, and
Tetronic™ T1501); certain cellulosic polymers, such as
ethylhydroxyethyl cellulose; and certain poly (ether-ester)
block copolymers (such as those disclosed in U.S. Pat. No.
5,702,717). Pluronic™ and Tetronic™ are trademarks of
BASF Corporation. Furthermore, more than one of these
and/or other biocompatible polymers may be included in the
delivery composition to provide the desired characteristics
and other polymers and/or other additives may also be
included in the delivery composition to the extent the
inclusion is not inconsistent with performance requirements
of the delivery composition. Furthermore, these polymers
may be mixed with other polymers or other additives, such
as sugars, to vary the transition temperature, typically in
aqueous solutions, at which reverse-thermal gelation occurs.

[0052] Polyoxyalkylene block copolymers are particularly
preferred to use as the biocompatible reverse-thermal gela-
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tion polymer. A polyoxyalkylene block copolymer is a
polymer including at least one block (i.e. polymer segment)
of a first polyoxyalkylene and at least one block of a second
polyoxyalkylene, although other blocks may be present as
well. POE-POP block copolymers are one class of preferred
polyoxyalkylene block copolymers for use as the biocom-
patible reverse-thermal gelation polymer in the delivery
composition. POE-POP block copolymers include at least
one block of a polyoxyethylene and at least one block of a
polyoxypropylene, although other blocks may be present as
well. The polyoxyethylene block may be represented by the
formula (C,H,0), when b is an integer. The polyoxypropy-
lene block may be represented by the formula (C;H,0),
when a is an integer.

[0053] The polyoxypropylene block could be for example
(CH,CH,CH,0),, or could be

CH,

(CH,CHO),

[0054] Several POE-POP block copolymers are known to
exhibit reverse-thermal gelation properties, and these poly-
mers are particularly preferred for imparting reverse-thermal
viscosity behavior properties to the delivery composition of
the present invention. Examples of POE-POP block copoly-
mers include Pluronic™ F68, Pluronic™ F127, Pluronic™
L121, Pluronic™ 1.101, and Tetronic™ 501. Tetronic™
T1501 is one example of a POE-POP block copolymer
having at least one polymer segment in addition to the
polyoxyethylene  and  polyoxypropylene  segments.
Tetronic™ T1501 is reported by BASF Corporation to be a
block copolymer including polymer segments, or blocks, of
ethylene oxide, propylene oxide and ethylene diamine.

[0055] As will be appreciated, any number of biocompat-
ible polymers may now or hereafter exist that are capable of
imparting the desired reverse-thermal viscosity behavior to
the delivery composition of the present invention, and such
polymers are specifically intended to be within the scope of
the present invention when incorporated into the delivery
composition.

[0056] Some preferred POE-POP block copolymers have
the formula:

HO(C,H,0)y(CHe0),(C,H,0)H I

[0057] which, in the preferred embodiment, has the prop-
erty of being liquid at ambient or lower temperatures and
existing as a semi-solid gel at mammalian body tempera-
tures wherein a and b are integers in the range of 15 to 80
and 50 to 150, respectively. A particularly preferred POE-
POP block copolymer for use with the present invention has
the following formula:

HO(CH,CH,0),(CH,(CH,)CHO),(CH,CH,0),H II

[0058] wherein a and b are integers such that the hydro-
phobe base represented by (CH,(CH,)CHO), has a molecu-
lar weight of about 4,000, as determined by hydroxyl
number; the polyoxyethylene chain constituting about 70
percent of the total number of monomeric units in the
molecule and where the copolymer has an average molecu-
lar weight of about 12,600 atomic mass units (amu) or
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Daltons. Pluronic™ F-127, also known as poloxamer 407, is
such a material. In addition, a structurally similar Pluronic™
F-68 may also be used.

[0059] The procedures used to prepare aqueous solutions
which form gels of polyoxyalkylene block copolymer are
well known and are disclosed in U.S. Pat. No. 5,861,174,
which is incorporated herein by reference in its entirety.
Typically, the amount of polymer and the amount of hemato-
poietic growth factor are selected such that the resulting
composition has reverse-thermal gelation properties at a
transition temperature at less than about 37° C., preferably
between about 10° C. and 37° C., more preferably between
about 20° C. to about 37° C. The concentration of the first
biocompatible polymer in the composition will vary depend-
ing upon the specific first biocompatible polymer and the
specific situation. In most situations, however, the first
biocompatible polymer will comprise from about 1% by
weight to about 70% by weight, and more typically from
about 10% by weight to about 33% by weight. For example,
particularly preferred for PluronicT F-127 is a range of from
about 13% by weight to about 25% by weight.

[0060] The second biocompatible polymer is a protective
colloid, and is included to impart increased resistance of the
delivery composition to physical deterioration that might
otherwise occur then the delivery composition encounters
extraneous aqueous liquids. This is particularly important to
protect the higher-viscosity form, such as the gel, from
premature structural deterioration due to the influence of
aqueous biological fluids following administration to the
host. In particular, the first biocompatible polymer is subject
to dissolution in aqueous biological liquids encountered
after administration of the delivery composition to the host.
The second biocompatible polymer helps to inhibit or pre-
vent such dissolution of the first biocompatible polymer,
thereby helping to maintain the structural integrity of the
delivery composition in vivo.

[0061] The second biocompatible polymer is hydrophilic.
Preferably, the second biocompatible polymer is more
hydrophilic than the first biocompatible polymer. By having
a higher affinity for water than the first biocompatible
polymer, the second biocompatible polymer tends to protect
the first biocompatible polymer from being dissolved away
by aqueous biological fluids present in the host. The pro-
tection afforded by the second biocompatible polymer helps
to inhibit deterioration of the delivery composition, so that
the higher-viscosity form of the delivery composition will
endure for some significant time following administration,
permitting delivery of the hematopoietic growth factor to be
sustained over an extended time. Absent the second biocom-
patible polymer, the first biocompatible polymer would be
much more susceptible to dissolution by biological fluids,
which could, for example, prematurely destroy integrity of
the desired gel character of the high-viscosity form of the
delivery composition.

[0062] Also, the second biocompatible polymer is of col-
loidal molecular size and of high molecular weight. Typi-
cally, the weight average molecular weight of the second
biocompatible polymer is at least 5,000 Daltons and more
typically, at least 10,000 Daltons. In many situations, the
second biocompatible polymer has a weight average
molecular weight of at least 50,000 and often 100,000 or
more.
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[0063] The second biocompatible polymer can be any
biocompatible polymer that acts as a protective colloid in the
delivery composition. The second biocompatible polymer
will, however, ordinarily be a saccharide-based polymer. By
saccharide-based, it is meant that the second biocompatible
polymer is a polysaccharide or a derivative of a polysac-
charide material.

[0064] Cellulosic polymers are particularly preferred for
use as the second biocompatible polymer, and especially
preferred are cellulosic polymers that are swellable by water.
Nonlimiting examples of cellulosic polymers for use as the
second biocompatible polymer include methyleellulose,
hydroxymethylcellulose, hydroxyethylcellulose, hydrox-
ypropylcellulose, hydroxypropyl methylcellulose, ethyl
hydroxyethyl cellulose and carboxymethyl cellulose. A par-
ticularly preferred cellulosic polymer for use as the second
biocompatible polymer is hydroxypropyl methylcellulose.

[0065] Also useful as the second biocompatible polymer
are phycocolloids. A phycocolloid is a hydrophilic carbo-
hydrate polymer occurring in algae, and derivatives of such
polymers. Some examples of phycocolloids include carrag-
eenan, algin, and agar. Also useful as the second biocom-
patible polymer are alginates such as, for example, sodium
alginate.

[0066] The hematopoietic growth factor, liquid vehicle,
first biocompatible polymer and second biocompatible poly-
mer can be present in the delivery composition in any
suitable relative proportions compatible with the perfor-
mance requirements of the delivery composition. Typically,
however, the delivery composition will include from
0.00000001 weight percent to 0.000005 weight percent of
the hematopoietic growth factor, from 60 weight percent to
96 weight percent of the liquid vehicle, from 5 weight
percent to 33 weight percent of the first biocompatible
polymer and from 0.1 weight percent to 5 weight percent of
the second biocompatible polymer.

[0067] The composition of the present invention can also
comprise other additives, including polymer or protein sta-
bilizers such as glycerol, trehalose, sucrose, glycine, man-
nitol, and albumin.

[0068] In one embodiment, the composition may option-
ally also include an active agent, in addition to the hemato-
poietic growth factor, that is to be delivered to a host along
with the hematopoietic growth factor. In one preferred
embodiment, the composition is used for vaccination pur-
poses, and the composition includes an antigen in addition
to the hematopoietic growth factor. As used herein, antigen
refers to any substance or material capable of causing an
immune response when administered to a host. Antigens
include, for example, polypeptides, peptides, proteins, gly-
coproteins and polysaccharides that are obtained from ani-
mal, plant, bacterial, viral protozoan and parasitic sources or
are produced by synthetic methods, including epitopes of
proteins.

[0069] Exemplary antigens which may be included in the
composition of the present invention include antigens from
bacteria, protozoa and viruses against which vaccines are
currently available or later developed, such as antigens from
viruses, protozoa or bacteria that are the causative agents of
childhood illnesses, Tetanus toxoid, Diphtheria toxoid and
other non-pathogenic mutants of these toxins, antigens from
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Bordatella pertussis, antigens from M. fuberculosis, anti-
gens from Pfalciparum, antigens from blood-borne patho-
gens including Hepatitis C antigens, and HIV antigens;
tumor-specific antigens; and antigens derived from HCG or
other molecules involved in the mammalian reproductive
cycle. Preferably the antigen is selected from the group
consisting of tetanus toxoid, diphtheria toxoid and other
non-pathogenic mutants of these toxins, other antigens from
viruses or bacteria that are the causative agents of childhood
illnesses, antigens from M. fuberculosis, antigens from Bor-
datella pertussis, antigens from viruses or bacteria against
which vaccines are currently available, Hepatitis C antigens,
HIV antigens and antigens from other blood-borne patho-
gens and tumor-specific antigens. Most preferably the anti-
gen is selected from the group consisting of Tetanus toxoid,
Diphtheria toxoid and other non-pathogenic mutants of these
toxins, other antigens from viruses or bacteria that are the
causative agents of childhood illnesses, antigens from M.
tuberculosis, antigens from Bordatella pertussis or HIV and
antigens from viruses or bacteria against which vaccines are
currently available. Particularly preferred is for the antigen
to include one or more of tetanus toxoid, diphtheria toxoid
and antigens from Bordatella pertussis.

[0070] When an antigen is used, the amount of antigen in
the composition of the present invention varies depending
on the nature and potency of the antigen. Typically, however,
the amount of antigen present in the composition of the
present invention is from about 0.000001% by weight of the
composition to about 5% by weight of the composition.

[0071] The composition of the present invention may be
administered to a host to achieve any desired hematopoietic
effect. Preferably the host is a mammal, and more preferably
a human. The composition can be administered in a variety
of forms adapted to the chosen route of administration, e.g.,
parenterally. Parenteral administration in this respect
includes administration by the following routes: intrave-
nous, intramuscular, subcutaneous, intrasynovial, transepi-
thelially including transdermal, sublingual and buccal, intra-
nasal, and intraperitoneal. Preferably, the mode of
administering the composition of the present invention is
selected from the group consisting of subcutaneous and
intramuscular injections, and mucosal routes, including
intranasal, with injection routes being even more preferred.

[0072] The composition is typically prepared in water, a
saline solution or another aqueous liquid as the liquid
vehicle. Under ordinary conditions of storage and use, these
preparations can also contain a preservative to prevent the
growth of microorganisms. The composition suitable for
injectable use includes sterile aqueous solutions. Preferably,
the composition is sterile with sufficient fluidity for easy
syringability. It can be stable under the conditions of manu-
facture and storage and preferably preserved against the
contaminating action of microorganisms such as bacterial
and fungi. The liquid vehicle can be a solvent of dispersion
medium containing, for example, water, ethanol, polyol
(e.g., glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), and suitable mixtures thereof. The
proper fluidity can be maintained, for example, by main-
taining the temperature of the composition having reverse-
thermal gelation properties below the transition temperature.
The prevention of the action of microorganisms can be
brought about by various antibacterial and antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid,
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thimerosal, and the like. In many cases, it will be preferable
to include isotonic agents, e.g., sugars, phosphate buffers,
sodium chloride, or mixtures thereof.

[0073] The composition of the present invention can be
implanted directly into the body by injecting it as a liquid,
whereupon the composition will ordinarily gel as it warms
inside the body when the composition has reverse-thermal
gelation properties. Also, although the composition of the
present invention is typically sufficiently fluid and flowable
when administered, it will convert to a semi-solid gel inside
the host when it has the proper reverse-thermal gelation
properties. Also, the composition can be administered in the
form of a gel, for example by surgical implantation of the
gel.

[0074] In another embodiment, solutes, can be incorpo-
rated into the delivery composition of the present invention,
for example to stabilize the hematopoietic growth factor.
The use of such protein-stabilizing solutes, such as, for
example, sucrose, not only aid in protecting and stabilizing
the protein (i.e., hematopoietic growth factor), but also allow
the first biocompatible polymer to form suitable gels at
lower concentrations than needed in water or buffer alone
and/or to change the transition temperature at which reverse-
thermal gelation occurs. Thus, the working range of first
biocompatible polymer concentration can be widened and
the transition temperature modified. It is known that in some
cases a gel will not form when the concentration of poly-
oxyethylene-polyoxypropylene block copolymer in water or
dilute buffer is outside a particular range, e.g., equal to or
less than 15% percent by weight for some such polymers.
However, by introducing protein-stabilizing solutes into the
composition of the present invention, the transition tempera-
ture may be manipulated, while also lowering the concen-
tration of polyoxyethylene-polyoxypropylene block copoly-
mer that is necessary to form a gel.

[0075] The hematopoietic growth factor delivery compo-
sition can be used to stimulate hematopoietic cell activity by
administering the growth factor delivery composition to a
host by any suitable administration technique. Typically, the
delivery composition is chilled at the time of administration
so as to be in the form of a flowable medium. Also, the first
biocompatible polymer, and the hematopoietic growth fac-
tor, is preferably substantially entirely dissolved in the liquid
vehicle when administered to the host.

[0076] In another aspect of the invention, a method is
provided for packaging and storing the hematopoietic
growth factor delivery composition. According to this aspect
of the invention, the delivery composition is placed in a
container when the composition is in the form of a flowable
medium. The temperature of the composition is then raised
so that the delivery composition converts to a gel form
within the container for storage. Following storage in the gel
form, the delivery composition can be converted back to a
flowable medium for administration to the host at the
appropriate time by lowering the temperature of the delivery
composition in the container. In this way, the delivery
composition is easy to handle during manufacturing and
packaging operations, but can be stored in the highly stable
form of a gel. Furthermore, the delivery composition can be
converted back to a flowable medium for ease of adminis-
tration. This ability to store the hematopoietic growth factor
in the protective gel form prior to use is a distinct advantage
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with the present invention. Alternatively, the delivery com-
position could be stored in the form of a flowable medium
at a temperature below the reverse-thermal liquid-gel tran-
sition temperature, but such a flowable medium is often not
as convenient for handling and storage as a gel form.

[0077] Inanother aspect, a method for making the delivery
composition is provided, comprising dissolving the first
biocompatible polymer in a liquid vehicle and suspending or
codissolving the hematopoietic growth factor and the second
biocompatible polymer in the liquid vehicle. Preferably,
both the hematopoietic growth factor and the second bio-
compatible polymer are also dissolved in the liquid vehicle
during the manufacture.

EXAMPLES

[0078] Additional objects, advantages, and novel features
of this invention will become apparent to those skilled in the
art upon examination of the following examples thereof,
which is not intended to be limiting.

Example 1

Formulation of G-CSF with Pluronic™ F127

[0079] In one preferred embodiment of the present inven-
tion, the hematopoietic growth factor is G-CSF, and the
delivery composition of the present invention provides a
delivery system for the sustained administration of G-CSF to
a human or animal host. A preferred first biocompatible
polymer in this situation is a POE-POP block copolymer
with reverse-thermal gelation properties.

[0080] As a specific formulation example, G-CSF can be
formulated with Pluronic™ F127 (poloxamer 407), with and
without hydroxypropylmethylcellulose (HPMC). Dry pow-
der forms of Pluronic™ F 127 and HPMC are weighed,
mixed together, and then reconstituted in water or physi-
ological buffer to achieve the drug delivery matrix contain-
ing, upon addition of G-CSF, the desired concentrations of
each component. More specifically, the concentration of
Pluronic™ F127 is one that will achieve a final concentra-
tion (e.g., 5-30 weight %) at which it forms a semi-solid gel,
along with the addition of HPMC, at body temperature (37°
C)). If included, HPMC can be added in an amount to
achieve a final concentration (e.g., HPMC 0.1-5 weight %)
necessary to modulate the physicochemical or pharmaco-
logical properties of the Pluronic™ F127 or G-CSF. Alter-
natively, Pluronic™ F127 and HPMC can be formulated
separately as individual solutions and then mixed together to
produce the drug delivery matrix containing, upon addition
of G-CSF, the desired concentrations of each component. As
a further alternative, a solution of either Pluronic™ F 127 or
HPMC in buffer or water and a dry powder of the second
polymer (i.e., either Pluronic™ F 127 or HPMC) can be
mixed together to achieve the drug delivery matrix contain-
ing, upon addition of G-CSF, the desired concentrations of
each component.

[0081] G-CSF can be added to the liquid or dry mixture of
Pluronic™ F 127 and HPMC. The G-CSF can be added in
dry powder form, or as a liquid solution to the drug delivery
matrix. Final concentrations of G-CSF in the Pluronic™
F127 and HPMC drug delivery matrix include those con-
centrations that will provide biological levels of G-CSF as a
sustained release following injection. For example, G-CSF
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can be added at a concentration so that the injected volume
contains dosages of G-CSF that would provide therapeutic
levels for a sustained period after administration. More
specifically, G-CSF can be incorporated into the delivery
matrix at various desired concentrations, such as for
example, to provide 1 to 500 ug/injection of G-CSF.

[0082] The addition of HPMC in the delivery matrix
modulates G-CSF in such a way that the pharmacokinetic
profile is altered to provide sustained levels of G-CSF in
serum compared to G-CSF in only Pluronic™ F127. Fur-
thermore, addition of HPMC greatly increases the pharma-
cological action of G-CSF not only on peripheral blood
hematopoeisis, but also on spleen and bone marrow cell
hematopoeisis. Although the mechanism of action of HPMC
on the pharmacokinetic profile and pharmacological action
of G-CSF is not known, it is proposed that the addition of
HPMC may 1) stabilize the delivery matrix, 2) stabilize the
hematopoietic growth factor, 3) target the hematopoietic
growth factor to its site of action within the body, and/or 4)
enable the hematopoeitic growth factor to exert its hemato-
poeitic action on earlier progenitor cells either directly by
the growth factor or indirectly by stimulating other cytok-
ines or growth factors.

Example 2

Administration of G-CCF with Pluronic™ 127

[0083] Formulations including G-CSFE, Pluronic™ 127,
with and without HPMC, are prepared and administered to
groups of Balb/c mice to determine a) the effect of formu-
lating G-CSF in a Pluronic™ 127 and HPMC (Invention
Formulation) delivery matrix on the pharmacokinetic profile
of G-CSF compared to conventionally (Buffer Formulation)
formulated G-CSF and b) the effects of the Invention For-
mulation on hematopoietic activity compared to convention-
ally formulated G-CSF. The formulations are administered
to mice intramuscularly (i.m.), as a single dose for pharma-
cokinetic analysis and as either single (for Invention For-
mulation) or multiple (for Buffer Formulation) doses for
hematopoeitic acitivity. The compositions of the formula-
tions are shown in Table 1.

TABLE 1

Pluronic ™ G-CSF HPMC (%
Group F127 (% wiw) (ug/mL) W/W)
Vehicle control, 0 0 0
buffer
Vehicle control, gel 17 0 0.1to5S
G-CSF in buffer 0 1 to 300 0
(Buffer
Formulation)
G-CSF with 17 7 to 100 0.1to5S

Pluronic ™ 127 and
HPMC (Invention
Formulation)

[0084] Two studies are performed. In the first study,
Balb/c mice receive a single i.m. injection of 7 ug G-CSF in
either the Buffer Formulation or the Invention Formulation.
Blood is sampled at various timepoints for up to 96 h.
G-CSF concentration in serum is determined via ELISA.
The pharmacokinetic profile of G-CSF from the Buffer
Formulation and the Invention Formulation are shown in
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FIG. 1. In the second study, a group of mice receive a single
im. injection of G-CSF in the Invention Formulation at a
dose of 0.7, 3.5 or 35 ug/mouse, and another group of mice
receive 7 injections of G-CSF in the Buffer Formulation at
a dose of 0. 1, 0.5 or 5 ug/injection for a total cumulative
dose of 0.7, 3.5 or 35 ug/mouse. The dosing schedule and
study design for this second study is outlined in FIG. 2. The
hematopoietic action of these two G-CSF formulations as
well as vehicle controls was determined by assessing num-
bers of HPP-CFC cells in the peripheral blood leukocyte
fraction 4 days after initiation of G-CSF injection. HPP-CFC
cells were quantitated microscopically after performing
colony forming assays of cytokine (IL-3)-stimulated periph-
eral blood leukocytes. The results of this second study are
shown in FIG. 3.

[0085] To summarize the results in the two studies, G-CSF
in the Invention Formulation:

[0086] (a) has a longer serum half-life; and

[0087] (b) increases HPP-CFC numbers in peripheral
blood better than conventionally formulated and
administered G-CSF.

[0088] The results show a substantial improvement in the
delivery of G-CSF, using the Invention Formulation relative
to the Buffer Formulation. Referring to FIG. 3, it is par-
ticularly surprising and noteworthy that the Invention For-
mulation administered in a single 3.5 ug of G-CSF injection
increased the presence of HPP-CFC in peripheral blood by
an amount comparable to the increase produced by 10 times
as much G-CSF (35 ug) administered in a multi-injection
regimen using the Buffer Formulation. The improvement in
delivery of G-CSF can be seen in at least two specific ways:
first by providing a more sustained pharmacokinetic profile
(longer half-life) and second as creating an apparently more
potent hematopoietic growth factor than is exhibited by
conventional formulations. The importance of this can been
viewed from a variety of perspectives, including:

[0089] (a) as a component to a marketed hematopoe-
itic growth factor, it would likely decrease dose costs
of since less growth factor would likely be used to
produce the same biological effect;

[0090] (b) from the patient perspective, if a total
lower drug dosage is used, it would be expected to
produce fewer side effects (which for hematopoeitic
growth factors are often dose limiting, including
fever and joint pain); and

0091] (c) also from the patient perspective, a better
p persp:
pharmacokinetic profile leads to fewer injections per
course of therapy.

Example 3

Formulation of Fl1t3-L with Pluronic™ F127

[0092] In apreferred embodiment of the present invention,
the hematopoietic growth factor is Flt3-L, and the pharma-
ceutical composition of the present invention provides a
delivery system for the sustained administration of the
F1t3-L to a human or animal. A preferred first biocompatible
polymer in this situation is a POE-POP block copolymer
with reverse-thermal gelation properties.
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[0093] As a specific formulation example, Flt3-L can be
formulated with Pluronic™ F127 (poloxamer 407), with or
without hydroxypropylmethylcellulose (HPMC). Plu-
ronic™ F127 is initially formulated in water or physiologi-
cal buffer at concentrations (e.g., 5-30%) at which it forms
a semi-solid gel, along with the addition of HPMC, at body
temperature (37° C.). HPMC may then be added to the
Pluronic™ F127 formulation at concentrations necessary to
modulate the physicochemical properties of the Pluronic
F127. (e.g., final concentrations of HPMC 1-5%). Alterna-
tively, Pluronic™ F127 and HPMC can be formulated
separately as individual solutions and then mixed together to
produce the drug delivery matrix containing, upon addition
of Flt3-L, the desired concentrations of each component. As
a further alternative, dry powder forms of Pluronic™ 127
and HPMC can be mixed together and then reconstituted in
water or physiological buffer to achieve the drug delivery
matrix containing, upon addition of FIt3-L, the desired
concentrations of each component.

[0094] FIt3-L can be added to the liquid or dry mixture of
Pluronic™ F127 and HPMC. The Fl1t3-L can be added in dry
powder form, or as a liquid solution to the drug delivery
matrix. Final concentrations of FIt3-L in the Pluronic™
F127 and HPMC drug delivery matrix include those con-
centrations that will provide biological levels of F1t3-L as a
sustained release following injection. For example, Flt3-L
could be added at concentrations ranging from about 3 to
about 15 ug for proposed delivery of 1 to 5 ug per day over
a 3 day sustained release.

[0095] The addition of HPMC modulates Flt3-L in this
delivery formulation in such a way that although the phar-
macokinetic profile of Flt3-L in serum is not altered com-
pared to a drug delivery matrix containing only Pluronic™
F127, the biological activity of Flt3-L on spleen and bone
marrow cell differentiation is significantly increased.

Example 4

Administration of Flt3-L with Pluronic™ 127

[0096] Formulations including FIt3-I, Pluronic™ 127
and, optionally, HPMC are administered to groups of Balb/c
mice to determine a) the effects of the formulations on
pharmacokinetics compared to conventionally formulated
FIt3-L and b) the effects of the formulations on hematopoi-
etic activity compared to conventionally formulated F1t3-L..
The formulations are administered to mice i.m. as a single
dose. The compositions of the formulations are shown in
Table 2.

TABLE 2

Pluronic ™ Flt3-L HPMC
Group F127% wiw (ug/mL) %o(W/W)
Vehicle control 0 0 0
(aqueous buffer)
Flt-3L parent 0 150 0
(F1t3-L formulated
in aqueous buffer)
PGZ-1 22 150 0
(F1t3-L formulated
in F127)
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TABLE 2-continued

Pluronic ™ Flt3-L HPMC
Group F127% w/w  (ug/mL) %o(W/W)
PGZ-2 22 150 5

(F1t3-L formulated
in F127/HPMC)

[0097] In a study, mice are sacrificed daily up to 4 days
after injection and plasma is collected to determine drug
pharmacokinetics as well as circulating and splenic white
blood cell counts. The pharmacokinetic profile of Flt3-L is
shown in FIG. 4. FIGS. 5A and 5B show circulating white
blood cells (WBC) and spleen cell counts (SPC). Particu-
larly significant are the much higher white blood cell and
spleen cell counts recorded in the case of PGZ-1 vs. PGZ-2,
as shown in FIGS. 5A and 5B. This is particularly note-
worthy because both formulations exhibit similar pharma-
cokinetic profiles, as shown in FIG. 4.

[0098] To summarize the results in the above-described
studies, formulations made according to the present inven-
tion:

[0099]

[0100] b) increase white cells to a greater extent at
equivalent doses compared to conventionally formu-
lated and administered FI1t3-L; and

[0101] c) increase CFU-GM and HPP-CFC in both
the bone marrow and spleen better than convention-
ally formulated and administered Flt3-L.

a) have a longer plasma half-life;

[0102] The results show a substantial improvement in the
delivery of the Flt3-L, using the invention including HPMC
being exceptionally good. The improvement can be seen in
at least two specific ways, first by providing a more sus-
tained pharmacokinetic profile (longer half-life) and sec-
ondly as creating an apparently more potent hematopoietic
growth factor than is exhibited by the other formulations.
The importance of this can been viewed from a variety of
perspectives, including:

[0103] a) as a component to a marketed hematopoe-
itic growth factor, it would likely decrease dose costs
of since less growth factor would likely be used to
produce the same biological effect;

[0104] b) from the patient perspective, if a total lower
drug dosage is used, it would be expected to produce
fewer side effects (which for hematopoeitic growth
factors are often dose limiting, including fever and
joint pain); and

[0105] C©) also from the patient perspective, a better
pharmacokinetic profile leads to fewer injections per
course of therapy.

[0106] The foregoing discussion of the invention has been
presented for purposes of illustration and description. The
foregoing is not intended to limit the invention to the form
or forms disclosed herein. Although the description of the
invention has included description of one or more embodi-
ments and certain variations and modifications, other varia-
tions and modifications are within the scope of the invention,
e.g., as may be within the skill and knowledge of those in the
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art, after understanding the present disclosure. It is intended
to obtain rights which include alternative embodiments to
the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to
those claimed, whether or not such alternate, interchange-
able and/or equivalent structures, functions, ranges or steps
are disclosed herein, and without intending to publicly
dedicate any patentable subject matter.

1. A hematopoietic growth factor delivery composition,
the composition comprising:

a hematopoietic growth factor capable of stimulating
hematopoietic cell activity when administered to a
mammalian host;

a first biocompatible polymer and a liquid vehicle in
which the first biocompatible polymer is at least par-
tially soluble at some temperature, the first biocompat-
ible polymer interacting with the liquid vehicle to
impart reverse thermal viscosity behavior to the com-
position over at least some temperature range, so that
the composition is in a lower-viscosity form when the
temperature of the composition is at a first temperature
within the range and the composition is in a higher-
viscosity form when the temperature is at second
temperature within the range that is higher than the first
temperature; and

a second biocompatible polymer being a protective col-
loid that inhibits the dissolution into aqueous liquids of
the first biocompatible polymer at least when the com-
position is in the higher-viscosity form;

wherein the liquid vehicle comprises from 60 weight
percent to 96 weight percent of the composition, the
first biocompatible polymer comprises from 5 weight
percent to 33 weight percent of the composition, and
the second biocompatible polymer comprises from 0.1
weight percent to 5 weight percent of the composition;
and

wherein the hematopoietic growth factor comprises eryth-
ropoietin (EPO), the first biocompatible polymer com-
prises a polyoxyalkylene block copolymer comprising
at least one block of a polyoxyethylene and at least one
block of a polyoxypropylene, and the second biocom-
patible polymer comprises a cellulosic polymer.

2. The hematopoietic growth factor delivery composition
of claim 1, wherein the first temperature is lower than 20° C.
and the second temperature is higher than 25° C.

3. The hematopoietic growth factor delivery composition
of claim 2, wherein the first temperature is in a range of from
1° C. to 20° C. and the second temperature is higher than 25°
C.

4. The hematopoietic growth factor delivery composition
of claim 3 wherein the second temperature is 37° C.

5. The hematopoietic growth factor delivery composition
of claim 4, wherein the higher-viscosity form has a viscosity
that is at least 3 times as large as the viscosity of the
lower-viscosity form.

6. The hematopoietic growth factor delivery composition
of claim 1, wherein the lower-viscosity form is a flowable
medium and the higher-viscosity form is a gel.

7. The hematopoietic growth factor delivery composition
of claim 6, wherein the second biocompatible polymer has
an affinity for water such that the second biocompatible
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polymer inhibits deterioration of the gel by invasion of the
composition by aqueous biologic fluids when the composi-
tion is administered to a biologic host.

8-13. (canceled)

14. The hematopoietric growth factory delivery compo-
sitio of claim 1, wherein the polyoxyethylene comprises at
least 70 weight percent of the first biocompatible polymer.

15. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the polyoxypropylene has the
formula (C;H4O),, where b is an integer.

16. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the polyoxypropylene has the
formula

CH,

(OCHCH,),

where b is an integer.

17. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the second biocompatible polymer
has a weight average molecular weight of at least 5,000
Daltons.

18-19. (canceled)

20. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
methylcellulose.

21. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
hydroxymethylcellulose.

22. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
hydroxyethylcellulose.

23. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
hydroxypropyl cellulose.
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24. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
hydroxypropyl methylcellulose.

25. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the cellulosic polymer comprises
carboxymethylcellulose.

26. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the second bioeempatible cellulosic
polymer comprises ethyl hydroxyethyl cellulose.

27-32. (canceled)

33. The hematopoietic growth factor delivery vehicle of
claim 1, wherein the second biocompatible polymer has a
weight average molecular weight of at least 10,000 Daltons.

34. The hematopoietic growth factor delivery vehicle of
claim 1, wherein the liquid vehicle is an aqueous liquid.

35-46. (canceled)

47. The hematopoietic growth factor delivery vehicle of
claim 1, comprising an antigen.

48. (canceled)

49. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the composition is contained within
an injection device that is actuatable to administer the
composition to the host by injection.

50. A method of packaging and storing the hematopoietic
growth factor delivery composition of claim 6, comprising
placing the composition in a container when the composition
is in the form of the flowable medium and, after the placing,
raising the temperature of the composition in the container
to convert the composition to the gel for storage, wherein the
gel form in the container can be converted back to the form
of a flowable medium for administration to the host by
lowering the temperature of the composition in the con-
tainer.

51. (canceled)

52. The hematopoietic growth factor delivery composi-
tion of claim 1, wherein the host is a human.

#* #* #* #* #*



