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READY-TO-USE POTASSIUM PHOSPHATES
IN SODIUM CHLORIDE SOLUTIONS

[0001] This application claims priority to our copending
U.S. provisional application with the Ser. No. 63/090,518,
which was filed Oct. 12, 2020, and which 1s incorporated by

reference herein.

FIELD OF THE INVENTION

[0002] The field of the mnvention 1s compositions and
methods for potassium phosphates solutions for injection,
especially as it relates to such solutions with ultra-low
concentrations ol aluminum where the solutions are pack-
aged 1n a ready-to-use container at volumes and concentra-
tions suitable for direct administration to a patient.

BACKGROUND

[0003] The following description includes information
that may be usetul 1n understanding the present invention. It
1s not an admission that any of the information provided
herein 1s prior art or relevant to the presently claimed
invention, or that any publication specifically or implicitly
referenced 1s prior art.

[0004] All publications 1dentified herein are incorporated

by reference to the same extent as 11 each individual publi-

cation or patent application were specifically and 1individu-
ally indicated to be incorporated by reference. Where a
definition or use of a term 1n an i1ncorporated reference 1s
inconsistent or contrary to the definition of that term pro-
vided herein, the defimtion of that term provided herein
applies and the definition of that term 1n the reference does

not apply.

[0005] Hypophosphatemia is a clinical condition 1n which
serum phosphate concentrations are less than 2.5 mg/dL
(0.81 mmol/L). Causes for such condition can include
alcohol use disorder, burns, starvation, and diuretic use, and
symptoms 1nclude muscle weakness, respiratory failure,
heart failure, and seizures and coma can occur. In most
cases, the treatment for hypophosphatemia i1s phosphorus
replacement therapy with an intravenous (IV) infusion rate
of phosphates that must be adjusted to the patient’s age and
particular need. Phosphorus replacement therapy i1s gener-
ally administered via. peripheral venous catheter or central
venous catheter and at a rate according to the maximum
recommended concentration and infusion rate as 1s shown in
Table 1 (Maximum Recommended Daily Concentration of
Potasstum Phosphates Injection By Age and Route of
Administration (Peripheral vs. Central)) and Table 2 (Maxi-
mum Recommended Infusion Rate of Potassium Phosphates
Injection For Adults and Pediatric Patients 12 Years of Age

and Older), where the term ‘Phosphorus’ 1s equivalent with
‘Phosphate’ (PO, anion).

TABLE 1

Patient Population Peripheral Venous Catheter

Apr. 14, 2022

TABLE 2

Route of Administration Maximum Infusion Rate

Phosphorus 6.8 mmol/hour
(Potassium 10 mEg/hour)
Phosphorus 15 mmol/hour
(Potassium 22 mEqg/hour)

Peripheral Venous Catheter

Central Venous Catheter

[0006] Currently approved phosphorus replacement prod-
ucts of potassium phosphorus for IV administration may
require continuous electrocardiographic (ECG) monitoring,
as serious cardiac reactions may occur as well as pulmonary
embolisms due to pulmonary vascular precipitates. These
serious cardiac and pulmonary risk factors render the accu-
racy of the concentration and infusion rate of the potassium
phosphate critical for patient safety. Furthering these risks,
the currently approved potassium phosphorus products are
supplied and stored as concentrates and will therefore
require aseptic compounding for the needed infusion rate,
thereby 1increasing the risk of error and contamination.
While care and monitoring may be implemented to avoid
miscalculations, contamination, and serious adverse effects,
preparing the IV solution by dilution and programming the
correct infusion rate for administration often takes time and
additional oversight. Furthermore, in most cases separate

preparations are required for each of the central venous and
peripheral venous administrations.

[0007] In addition, there are also potential risks with
respect to chemical stability and aluminum toxicity, espe-
cially 1n patients with renal impairment. As 1s well known,
phosphate solutions may be subject to crystallization and
precipitation, which i1s exacerbated in the presence of oxy-
gen. For that reason, concentrated solutions must be used
within several hours as any remaining volume of such
solutions after even limited exposure to oxygen 1s prone to
crystallization and precipitation. To reduce the risk of crys-
tallization during storage, deoxygenated preparations can be
prepared as 1s described 1n CN106265499. However, such
formulations were nevertheless concentrates and as such
falled to avoid many of the dificulties associated with
concentrates. With respect to levels of aluminum 1t should be
recognized that while most currently used products are
below the maximum allowed aluminum level as determined
by the Federal Drug Administration (FDA), some of these
aluminum concentrations may nevertheless be toxic 1n
impaired patients. Attempts have been made to produce
potassium phosphate compositions with decreased concen-
trations of aluminum as 1s disclosed, for example, in U.S.
Ser. No. 10/632,150. However, the products described in the
1350 patent are still concentrates, and problems associated
with such forms remain. Moreover, many of the known
concentrated compositions include varying amounts of
potassium 1n the form of potassium dihydrogen phosphate
and potassium hydrogen phosphate and may not provide a

Central Venous Catheter

Adults and Pediatric Patients (12 Phosphorus 6.8 mmol/100 mL. Phosphorus 18 mmol/100 mL

Years of Age and Older) (Potassium 10 mEqg/100 mL)

(Potassium 26.4 mEq/100 mL)

Pediatric Patients (Less than 12 Phosphorus 0.27 mmol/10 mL. Phosphorus 0.55 mmol/10 mL

Years of Age) (Potassium 0.4 mEq/10 mL)

(Potassium 0.8 mEq/10 mL)
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proper ratio of these critical components, nor do these
compositions provide a tonicity agent.

[0008] Theretore, there is still a need for potassium phos-
phates solutions with reduced aluminum content where such
solutions are 1n a ready-to-administer formulation suitable
for phosphorus replacement therapy, and where such solu-
tions have suflicient storage stability.

SUMMARY OF THE INVENTION

[0009] The inventive subject matter 1s directed to various
compositions and methods of ready-to-use (RTU) potassium
phosphates solutions for intravenous administration to
patients in need thereol. Advantageously, the solutions pre-
sented heremn exhibit excellent storage stability over
extended periods of time, include a suitable tonicity agent,
have a desirable phosphate to potassium ratio, and have an
aluminum content that 1s equal or less than 50 mcg/L. Such
solutions will not require any dilution or other manipulation
to adjust the solution to a required phosphate and/or potas-
sium concentration and can be administered as a single unit
at a rate of administration that will not require specific
calculations.

[0010] In one aspect of the inventive subject matter, the
inventors contemplate an 1sotonic sterile ready-to-use (RTU)
aqueous potassium phosphates solution that comprises
potassium phosphates and sodium chloride, wherein the
solution includes 15 mmol/100 ml phosphorus (0.15 mmol/
mlL.) and equal or less than 50 mcg/L. aluminum.

[0011] In some embodiments, the potassium phosphates
comprise potassium dihydrogen phosphate (KH,PO,) and
potassium hydrogen phosphate (K,HPO,), wherein the
potassium dihydrogen phosphate 1s present in the solution an
amount of about 1,120 mg/100 ml (8.2 mmol/100 ml)
phosphorus wherein the potassium hydrogen phosphate 1s
present 1n the solution 1n an amount of about 1,180 mg/100
ml (6.8 mmol/100 ml) phosphorus, and/or wherein potas-
sium 1s present in the solution in an amount of about 22
mEq/100 mL. Preferably, but not necessarily, sodium chlo-
ride 1s present in the solution in an amount of about 900
mg/100 ml, and/or the solution has a pH of between 6.2 and
6.8.

[0012] In further embodiments, the solution may have,
alter autoclaving and storage of at least 3 months at 25° C.
and 40% relative humidity, a liquid particle count of no more
than 360 and 30 for particles at 15 and 25 micrometer size,
respectively. Moreover, the solution may have, after auto-
claving and storage of at least 3 months at 25° C. and 40%
relative humidity, a change 1n phosphorus of no more than
1% absolute, and/or the solution may have, after autoclaving
and storage of at least 3 months at 25° C. and 40% relative
humidity, a change in potassium of no more than 2%
absolute. It 1s further generally preferred that the solution 1s
packaged 1n a flexible (e.g., polyolefin) container, typically
at a volume of 100 mL, and the flexible polyolefin container
may further be contained in a secondary metallized over-
wrap.

[0013] Therefore, 1n still further contemplated aspects, the
inventors contemplate a sterile ready-to-use (RTU) pre-
mixed pharmaceutical product stored in a flexible polymeric
container. While not limiting to the inventive subject matter,
the pharmaceutical product may include potassium phos-
phates 1n an aqueous sodium chloride solution, contaiming,
(a) less than 50 mcg/L aluminum, (b) about 15 mmol/100 ml
phosphorus, and (¢) about 22 mEq/100 mL potassium.

Apr. 14, 2022

[0014] Most typically, the potassium phosphates comprise
potassium dihydrogen phosphate (KH,PO,) and potassium
hydrogen phosphate (K.HPO,), wherein the potassium
dihydrogen phosphate 1s present in the solution an amount of
about 1,120 mg/100 ml (8.2 mmol/100 ml) phosphorus, and
wherein the potasstum hydrogen phosphate 1s present in the
solution 1n an amount of about 1,180 mg/100 ml (6.8
mmol/100 ml) phosphorus. It 1s further preferred that
sodium chloride 1s present 1n the aqueous sodium chloride
solution 1 an amount of about 900 mg/100 ml.

[0015] The premixed pharmaceutical product in the flex-
ible polymeric container preferably has a volume of 100 mL,
and 1t 1s further preferred that the flexible polymeric con-
tamner 1s enclosed 1 a secondary metallized overwrap.
Therefore, 1n some embodiments, the premixed pharmaceu-
tical product will comprise about 4.65 mg/mlL of phosphorus
(0.15 mmol/mL), about 8.50 mg/mlL of potassium (0.22
mEg/mL), about 3.57 mg/mlL of sodium, and about 5.43
mg/ml of chloride.

[0016] In a still further aspect of the mventive subject
matter, the inventors also contemplate a method of admin-
istering phosphates to a patient 1n need of phosphorus
replacement therapy, and contemplated methods include a
step of administering, without prior dilution, an isotonic,
sterile, and ready-to-use (RTU) solution comprising potas-
stum phosphates and sodium chloride solution from a flex-
ible container to the patient at a rate of infusion and by a
route of administration corresponding to the patient’s age
and degree of need of phosphorus replacement. Most typi-
cally, the solution comprises about 15 mmol/100 ml phos-
phorus, about 22 mEg/100 mL potassium, and less than 50
mcg/L aluminum. In further contemplated embodiments, the
rate of infusion 1s 6.8 mmol phosphates per hour or 15 mmol
phosphates per hour, and/or the route of administration 1s a
central venous catheter. Furthermore, it 1s contemplated that
the solution can be administered after extended storage (e.g.,
storage for at least 3 months at 25° C. and 40% relative
humidity).

[0017] Various objects, features, aspects and advantages
of the mventive subject matter will become more apparent
from the following detailed description of preferred embodi-
ments, along with the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 1s an exemplary schematic showing a flex-
ible pouch configuration for storage of the solutions pre-
sented herein.

[0019] FIG. 2 1s an exemplary schematic of a double
winged stopper for use with a container of FIG. 1.

[0020] FIG. 3 1s an exemplary flow chart for producing an
exemplary solution presented herein.

[0021] FIG. 4 1s an exemplary linearity curve for deter-
mination of phosphorus using 1on chromatography.

[0022] FIG. 5 1s an exemplary linearity curve for deter-
mination of chloride using 10n chromatography.

[0023] FIG. 6 1s an exemplary linearity curve for deter-
mination of potassium using 1on chromatography.

[0024] FIG. 7 1s an exemplary linearity curve for deter-
mination of sodium using 1on chromatography.

[0025] FIG. 8 i1s an exemplary linearity curve for deter-
mination of aluminum using Inductively Coupled Plasma
Mass Spectrometry (ICP-MS).
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[0026] FIGS. 9-17 are tables providing results for stability
conditions for exemplary phosphorus solution as presented
herein 1n various container materials.

DETAILED DESCRIPTION

[0027] The inventors have now discovered that potassium
phosphates solutions can be prepared that are storage stable,
sterile, and ready-to-use (R1TU), and as such avoid all of the
drawbacks of heretofore known concentrated potassium
phosphates solutions that required prior manipulation and
had no significant shelf life. Moreover, the potassium phos-
phates solutions presented herein also exhibit a desirably
low aluminum concentration and provide phosphates and
potassium at ratios that are suitable for facile admimstration.
Still further, the solutions according to the inventive subject
matter are preservative free and have osmolality and pH
suitable for direct administration.

[0028] For example, 100 mL of the RTU solution may be
packaged imto a flexible polymeric container to thereby
provide 1n a sodium chloride solution about 15 mmol total
phosphates and about 22 mEqQ potassium for injection,
wherein the RTU solution has equal or less than 50 micro-
grams/liter (mcg/L or ug/L) aluminum. It should be appre-
ciated that such RTU solution allows for simple and direct
administration to a patient without the need for further
dilution or other manipulation, and that such solution can be
infused via a pump at a single infusion rate to thereby deliver
appropriate quantities of phosphates and potasstum. More-
over, and as described in more detail below, the solutions as
presented herein also exhibit excellent storage stability (1.e.,
will not be subject to crystallization and precipitation and
remain free of microbial growth). Having the specified
quantities of phosphates and potassium will advantageously
enable administration to an adult or pediatric patient via
peripheral venous administration or central venous admin-
istration.

[0029] Therefore, especially preferred premixed pharma-
ceutical products that provide a desirable phosphates to
potassium ratio will be prepared such that the solution wall
contain in water 11.2 KH,PO, and 11.8 mg/mL K,HPO, for
a total 0.15 mmol/mL of phosphates, and 9 mg/mL sodium
chloride. Notably, such solutions will not only result in a pH
suitable for injection (i.e., pH between 6.0 and 7.0), but also
result in a ratio of potassium to phosphorus and overall
quantities of potassium and phosphorus desirable or neces-
sary for direct injection.

[0030] In this context 1t 1s noted that the term “ready-to-
use” or “RTU” when used in conjunction with the solutions
presented herein refers to a solution that can be directly
administered to a patient without prior need for dilution or
other adjustment such as addition of saline or other tonicity
agent). Viewed from a different perspective, a “ready-to-
use” or “RTU” solution can be delivered from a storage
container via peripheral or central catheter to a patient
without additional manipulation of the solution in the stor-
age container. Therefore, the terms “ready-to-use” and
“RTU” are interchangeably used with the term “ready-to-
administer”. Moreover, the term “phosphorus” 1s used inter-
changeably with the term “phosphate™ or “phosphates™ and
refers to the PO,>~ anion, regardless of its protonation state
and/or presence of counterion(s). Thus, the term phosphorus
can refer to K,HPO,, KH,PO,, HPO,*", and/or PO,”". Still
further, the term ‘“aluminum’ as used herein refers to both
aluminum ions (e.g., AI’*) as well as metallic aluminum.

Apr. 14, 2022

Likewise, the terms “sodium™ and “potassium” as used
herein refer to the cationic forms of sodium (Na*) and
potassium (K™).

[0031] In addition to the contemplated RTU potassium
phosphates 1n sodium chloride solution being more eflicient,
cllective, and safe (e.g., less risk of contamination) to
prepare and administer, the potassium phosphates in sodium
chloride solution also has preferably less than 350 mcg/L
aluminum. However, contemplated solutions are also suit-
able that have less than 100 mcg/L, less than 90 mcg/L, less
than 80 mcg/L, less than 70 mcg/L, less than 60 mcg/L, or
less than 55 mcg/L aluminum. More preferably, the potas-
stum phosphates in sodium chloride solution has an alumi-
num content of no more than 350 mcg/L, not more than 49
mcg/L, not more than 48 mcg/L, not more than 47 mcg/L,
not more than 46 mcg/L, 45 mcg/L, 44 mcg/L., 43 mcg/L, 42
mcg/L, 41 mcg/L, 40 mcg/L., 39 mcg/L., 38 mcg/L, 37
mcg/L, 36 mcg/L, 35 mcg/LL, 34 mcg/L., 33 mcg/L, 32
mcg/L, 31 mcg/L, 30 mcg/L., 29 mcg/L., 28 mcg/L, 27
mcg/L, 26 mcg/L, 25 mcg/L., 24 mcg/L., 23 mcg/L, 22
mcg/L, 21 mcg/L, or 20 mcg/L, and even less (8 mcg/L).
Therefore, and most typically, the contemplated potassium
phosphates 1n sodium chloride solution has equal or less
than 50 mcg/L, or equal or less than 40 mcg/L, or equal or
less than 50 mcg/L. aluminum.

[0032] Therefore, in exemplary embodiments, the RTU
potassium phosphates 1n sodium chloride solution includes
potassium dihydrogen phosphate (KH,PO,) and potassium
hydrogen phosphate (K,HPO,). Typically, the potassium
dihydrogen phosphate 1s at an amount of about 1120 mg/100
ml (8.2 mmol/100 ml of phosphorus) and the potassium
hydrogen phosphate 1s at an amount of about 1180 mg/100
ml (6.8 mmol/100 ml of phosphorus). Additionally, the
sterile RTU aqueous potassium phosphates 1n sodium chlo-

ride solution includes the sodium chloride at an amount of
about 900 mg/100 ml.

[0033] Moreover, 1t 1s pointed out that contemplated meth-
ods of making aqueous potassium phosphates 1 sodium
chloride solutions for phosphorus replacement therapy
include adding potassium hydrogen phosphate, potassium
dihydrogen phosphate, and sodium chlonde to water,
wherein each of these components does not contain more
than 5 part per million (ppm) or more than 4 ppm, or more
than 3 ppm, or more than 2 part per million (ppm, approxi-
mately 0.7 mmol/100 ml), or more than 1 ppm aluminum.
Accordingly, and 1n contrast to the currently available prod-
ucts, aluminum content 1s reduced from the starting mate-
rials, thereby avoiding any further compounding of alumi-
num levels and decreasing the levels of total aluminum in
the solutions presented herein.

[0034] In still further contemplated aspects, 1t 1s preferred
that the solutions presented herein are stored in an autocla-
vable flexible container that i1s most typically fabricated
from a polymeric material. Notably, and as shown 1n more
detail below, the inventors also discovered that type of
polymeric material may have an impact on chemical and
storage stability. For example, some polymeric matenals
were prone to produce higher quantities of crystallized
material and/or precipitates (e.g., at an average particle size
of about 10 micron or 25 micron), whereas certain other
materials were unexpectedly prone to water loss due to
water vapor permeability, particularly at extended periods of
storage (e.g., one to several months). Therefore, the mven-
tors also used secondary overwraps that contained the pri-
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mary packaging materials to help maintain predetermined
concentration of all solutes. Among other materials, particu-
larly preferred overwrap materials comprised polymeric
composite films with at least one metal (e.g., aluminum)
layer.

[0035] With respect to suitable polymeric autoclavable
containers, various materials are deemed suitable for use
herein, and especially preferred polymeric materials include
polysulione, polycarbonate, polypropylene, polyethylene
(LDPE or HDPE), ethylene/propylene copolymers, polyole-
fins, acrylic-imide copolymers, polyester (e.g., PET, PEN
and the like), Tetlon, Nylon, acetal (Delrin), polymethyl-
pentene, PVDC, ethylvinylacetate, polyvinyl chloride, and
polyolefins. Notably, polyolefin containers remained trans-
parent and dimensionally stable, even aiter autoclaving and
were as such preferred. As will be readily appreciated, the
polymeric containers can be prepared in numerous form
factors, however, flexible bags are especially preferred.
Likewise, the volume of the polymeric container may
change considerably. However, it 1s typically preferred that
the container has a volume that accommodates the volume
of solution required for a single and complete administration
of the solutions presented herein. Therefore, a particularly
preferred internal volume of the container 1s 100 mlL.
Moreover, 1t should be appreciated that the polymeric con-
tainer will have a single or a double port that 1s typically
sealed with a stopper as 1s well known 1n the art. FIG. 1
depicts an exemplary tlexible container with 100 mL internal
volume, and FIG. 2 depicts an exemplary double winged
stopper that can be used with the container of FIG. 1.

[0036] Most typically, the potassium phosphates 1n
sodium chloride solution in the flexible container will be
sterilized 1n the container by steam sterilization (e.g., auto-
claving, 121° C. for about 15 minutes), preferably without
altering the thermal properties of the film layers, ports, and
closure system as well as maintaining the integrity of the
flexible container. In more typical embodiments, the pre-
mixed or ready-to-use stable pharmaceutical, formulation of
potassium phosphates 1n sodium chloride at 15 mmol/100 ml
of Phosphorus 1s packaged in a non-PVC plastic container
with ports and container closure systems, which 1s termi-
nally sterilized at a temperature of at least about 110° C. to
130° C. via autoclaving with a dwelling time ranging from
7 to 30 minutes.

[0037] Within these embodiments, it 1s preferred that the
autoclaving temperature ranges from 110 to 130° C. The
autoclaving temperature can be at a mmimum temperature
of 111° C., 112°C., 113° C,, 114° C., 115° C., 116° C., 117°
C., 118° C., 119° C., 120° C., or 121° C., and the maximum
temperature can be 130° C., 129° C., 128° C., 127° C., 126°
C.,125°C., 124° C., 123° C,, 122° C., 121° C., or 120° C.,
inclusive of all ranges and sub-ranges embraced therein.
Therefore, typical ranges for the autoclaving temperature
may be include from 111 to 131° C., or from 117 to 125° C.
Within these embodiments, 1t 1s preferred that the autoclav-
ing time range from 7 to 60 minutes. The autoclaving time
can be at a minimum of 7 minutes, 9 minutes, 11 minutes,
13 minutes or 15 minutes and the maximum autoclaving
time can be 60 minutes, 45 minutes 30 minutes, 28 minutes,
26 minutes, 25 minutes, 24 minutes, 22 minutes, or 20
minutes, inclusive of all ranges and sub-ranges embraced
therein. Exemplary ranges for the autoclaving time include
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from 7 to 60 minutes, or from 8 to 45 minutes, or from 9 to
30 minutes, or from 10 to 25 minutes, or from 15 to 20
minutes.

[0038] FIG. 3 depicts an exemplary process of making a
RTU phosphates solution that includes the steps of adding
potassium hydrogen phosphate to water at a concentration of
1180 mg/100 ml with stirring, wherein the potassium hydro-
gen phosphate contains no more than 2 ppm aluminum,
adding potassium dihydrogen phosphate to the water at a
concentration ol 1120 mg/100 ml with stirring, wherein the
potassium dihydrogen phosphate contains no more than 2
ppm aluminum, and adding sodium chloride to the water at
a concentration of 900 mg/100 ml with stirring, wherein the
sodium chloride contains no more than 0.2 ppm aluminum,
thereby forming the aqueous potassium phosphates in
sodium chloride solution.

[0039] In additional or alternative embodiments, the
method of making the aqueous potassium phosphates in
sodium chloride solution includes filter sterilizing a fixed
volume of the aqueous potassium phosphates in sodium
chloride solution into a flexible container. Typically, a fixed
volume of the solution 1s 100 ml provided to a sterile tlexible
container (e.g., an IV bag). With the fixed volume of the
solution dispensed in the flexible container, the flexible
container may be terminally sterilized. Preferably, the ter-
minal sterilization 1s autoclaving to sterility. For storage
and/or transport of the terminally sterilized flexible con-
tamner of RTU aqueous potassium phosphates i sodium
chloride solution, the flexible container may be placed inside
an aluminum pouch for protective storage and transport.

[0040] In contrast to current practice where remaining
concentrated phosphates solutions after withdrawal must be
discarded after 24-48 hours (due to crystallization and/or
precipitation 1ssues), the mventors unexpectedly discovered
that the RTU solutions could remain chemically stable and
did not undergo microbial spoilage where RTU solutions
were packaged and autoclaved 1n the package. Most typi-
cally, stability and/or concentration of the cations and anions
was further promoted where the autoclaved container was
packaged into a secondary container (typically containing a
metal foil such as aluminum) and/or where the space
between the containers was flushed with nitrogen or other
mert gas to remove oxygen belfore sealing the secondary
(overwrap) container. The inventors also observed that the
type of polymer had at least some influence on storage
stability and dimensional stability under autoclaving condi-
tions.

[0041] Based on stability studies performed by the inven-
tors, contemplated solutions can be stored for extended
periods such as at least 1 week, at least 2 weeks, at least 3
weeks, at least 1 month, at least 2 months, at least 3 months,
at least 6 months, at least 1 year, and even longer without
significant changes 1n the product composition. Such storage
can be performed under refrigerated conditions (e.g., 2-8°
C.), at ambient conditions (e.g., 25° C., 40% relative humid-
ity), at warm conditions (e.g., 30° C., 65% relative humid-
ity), and even at accelerated storage conditions (e.g., 40° C.,
15% relative humidity).

[0042] For example, the inventors observed that the solu-
tions may have, after autoclaving and storage of at least 3
months at 25° C. and 40% relative humadity, a liquid particle
count of no more than 400, or no more than 360, or no more
than 330, or no more than 300, or no more than 170, or no
more than 150, or no more than 120, or no more than 100 for

Amneal Exhibit 1006, Page 30 of 41
Amneal Pharmaceuticals, Inc. v. Nivagen Pharmaceuticals, Inc.
IPR2025-00731



US 2022/0110969 Al

particles at 25 micrometer size and no more than 30, or no
more than 25, or no more than 20, or no more than 17, or no
more than 14, or no more than 10 for particles at 15
micrometer size. Alternatively, or additionally, the solutions
may have, after autoclaving and storage of at least 3 months
at 25° C. and 40% relative humidity, a change in phosphorus
and/or potassium content of no more than +/-3% (absolute),
or no more than +/-2.5% (absolute), or no more than
+/-2.0% (absolute), or no more than +/-1.5% (absolute), or
no more than +/-1.0% (absolute), or no more than +/-0.8%
(absolute), or no more than +/-0.6% (absolute), relative to
initial conditions. Likewise, the solutions may have, after
autoclaving and storage of at least 3 months at 25° C. and
40% relative humidity, a change 1n sodium and/or chloride
of no more than +/-2.5% (absolute), or no more than
+/-2.0% (absolute), or no more than +/-1.5% (absolute), or
no more than +/-1.0% (absolute), or no more than +/-0.8%
(absolute), or no more than +/-0.6% (absolute), or no more
than +/-0.4% (absolute), relative to initial conditions.
[0043] Notably, the mventive RTU aqueous potassium
phosphates in sodium chloride solution may be efliciently
administered to a patient 1n need of phosphorus replacement
therapy. Advantageously, the method includes easily admin-
1stering the sterile ready-to-use (RTU) potassium phosphates
in sodium chlornde solution from the flexible container to the
patient at a rate of infusion and by a route of administration
corresponding to the patient’s age and degree of need of
phosphorus replacement. As the tlexible container comprises
a fixed volume (e.g., 100 ml) of the sterile RTU potassium
phosphates 1n sodium chloride solution includes 15 mmol/
100 ml Phosphorus, administration to adult or pediatric
patients by peripheral venous catheter or central venous
catheter may be readily accomplished based on program-
ming the infusion rate accordingly.

[0044] In preferred embodiments, the rate of infusion of
the sterile RTU potassium phosphates in sodium chloride
solution into the patient 1s selected from 6.8 mmol/hour or
15 mmol/hour. In typical embodiments, the sterile RTU
potassium phosphates 1n sodium chloride solution 1s admin-
istered to an adult or pediatric patient 12 years of age and
older by peripheral venous catheter at 6.8 mmol/hour. In
more preferred embodiments, the concentration of phos-
phates administered by peripheral venous catheter 1s not
more than 6.8 mmol/100 ml 1n adult patients or pediatric
patient 12 years of age and older and not more than 2.7
mmol/100 ml 1n pediatric patients less than 12 years of age.
[0045] In other typical embodiments, the sterile RTU
potassium phosphates 1n sodium chloride solution 1s admin-
istered to an adult or pediatric patient 12 years of age and
older by central venous catheter at 15 mmol/hour. In more
preferred embodiments, the concentration of phosphates
administered by central venous catheter 1s not more than 18
mmol/100 ml 1n adult patients or pediatric patient 12 years
of age and older and not more than 5.5 mmol/100 ml 1n
pediatric patients less than 12 years of age.

Examples

[0046] Formulation of ingredients for potassium phos-
phates 1n sodium chloride injection 15 mmol/100 ml solu-
tion. As set forth 1n Tables 3-4 below, exemplary amounts of
potassium phosphate monobasic (potassium dihydrogen
phosphate, KH,PQO,), potassium phosphate dibasic (potas-
stum hydrogen phosphate, K,HPQO,) are the active pharma-
ceutical mgredients (API), thereby serving an active func-
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tion. For a 15 mmol/100 ml concentration of phosphorus,
11.2 mg/mL KH,PO, and 11.8 mg/mL K, HPO, are added to
water with mixing as disclosed herein. The deilonized water
1s to volume (quantum satis (Q. S.)), which for the ready-
to-use (RTU) formulation disclosed herein, 1s fixed at 100
ml. Sodium chloride (NaCl) 1s an admixture carrier and
tonicity agent having a IIG limit of 0.9" weight/volume
(w/v). Accordingly, for a 100 ml solution, 900 mg of NaC(l
1s added.

[0047] Table 5 provides specifications for Monobasic
Potasstum Phosphate, Table 6 provides specifications for
Dibasic Potassium Phosphate, Table 7 provides specifica-
tions for Sodium Chloride, and Table 8 provides specifica-

tions for Potassium Phosphates 1n Sodium Chloride Injec-
tion, RTU.

TABLE 3

Table 3: Formulation of potassium phosphates 1n sodium

chloride injection solution (15 mmol/100 ml of

Phosphorus and 22 mEq/100 mL of Potassium)

Active and Excipient [IG Limit

Details (mg/mL)  Function Formulation

Potassium Phosphate Not Applicable Active 11.2 mg

monobasic

Potassium Phosphate Not Applicable Active 11.8 mg

dibasic

Sodium Chloride 0.9% w/v  Admixture 9 mg
carrier

Water for Q.S. to mL.  Vehicle 100 mL

Injection/Deionized

Water

TABLE 4

Table 4: Batch formulation of potassium phosphates injection
solution (15 mmol/100 ml of Phosphorus and 22 mEq/100 mL of
Potassium) in 1 liter (1000 ml).

Formulation for Bulk solution of Potassium Phosphates in
Sodium Chloride Injection, RTU

Formulation

Batch Size: 1000 mL

Active and Excipient Composition Batch Qty. per
Details per mL 1000 mL
Potassium Phosphate monobasic 11.2 mg 11.2 g or 11200 mg
Potassium Phosphate dibasic 11.8 mg 11.8 g or 11800 mg
Sodium Chloride 9 mg 9 g or 9000 mg
Water for Injection/Deionized 1 mL 1000 mL

Water
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TABL.

T

D

Table 5: Specification of Monobasic Potassium Phosphate API

ST
No. Test

1. Description

2. Solubility

3.1. Potassium
.2. Phosphate
4. LOD@105° C.

5. Assay

6. Insoluble substances

7.1. Arsenic

7.2. Lead

7.3. Limit of Fluoride
8.  Alumimmum content
9. Bacterial Endotoxin

10.
Total Aerobic Microbial Count
(TAMC)
Total Combined Yeasts and Molds
Count (TYMC)

11. Total Coliforms

12. Residual Solvents

Specification Reference
Colorless crystals or white, USP
granular or crystalline powder
Freely soluble in water; practically USP
insoluble 1n alcohol

Identification tests
Meet the requirement USP<191>
Meet the requirement USP <191>

Not more than 1.0%

Not less than 98.0% and Not more
than 100.5% on the dried basis
Not more than 0.2% (NMT 20 mg)

Impurities
Not more than 3 ppm (NMT 3 ng/g) USP <211>, Method I
Not more than 5 ppm (NMT 35 pg/g) USP <251>
Not more than 0.001% (NMT 10 pg/g) USP monograph
Not more than 2 ppm In-House
Not more than 0.1 EU/mg of Monobasic USP <85>
Potassium phosphate

USP monograph
USP monograph

USP monograph

Microbial Enumeration Tests
Not more than 1000 cfu/g

USP <61> & <1111>
Not more than 100 ciu/g

USP <62> & <1111>
Meets the requirement USP

Negative

TABLE 6

Table 6: Specification of Dibasic Potassium Phosphate API

Sr. No. Test

1. Description
2. Solubility

Identification tests
Potassium
Phosphate
LOD@105° C.
pH (5%)

Assay

o RS TR -V VS S PSR P8
N

-~

Impurities
7.1. Insoluble substances

7.2. Carbonate
7.3. Chloride and Sulfate, Chloride

7.4. Chloride and Sulfate, Sulfate

7.5,  Arsenic
7.6. Iron
7.7.  Sodium

7.8,  Limit of Fluoride
7.9. Limit of Monobasic/Tribasic salt

K. Aluminum content

Specification Reference
Colorless or white, somewhat hygroscopic, USP
granular powder.

Freely soluble in water; very slightly USP
soluble 1n alcohol.

Meet the requirement USP<191>
Meet the requirement USP <191>
1.0% of its weight. USP <731>
8.5-9.6 USP <791>

Not less than 98.0% and Not more
than 100.5% on the dried basis

The weight of the residue 1s Not more

than 20 mg (Not more than 0.2%).
NMT a few bubbles are evolved.

USP monograph

USP monograph

USP monograph

Shows no more chloride than corresponds USP <221>

to 0.40 mL of 0.020 N hydrochloric

acid (Not more than 0.03%)

Shows no more sulfate than corresponds USP <221>

to 0.20 mL of 0.020 N sulfuric

acid (Not more than 0.1%)

Not more than 3 ppm (3 ng/g) USP <211>,
Method I

Any red color produced within 1 h 1s not darker USP <241>

than that of a control prepared from 1 mL of
Standard Iron Solution: Not more than 30 ppm
(0.003%)

A solution (1 1n 10) tested on a platinum wire
imparts no pronounced vellow color to a
nonluminous flame.

Not more than 0.001% (10 pg/g)

A blue color 1s produced, which is changed to
yellow (with a greenish tinge) by the addition of
NMT 0.4 mL of 1 N hydrochloric acid.

Not more than 2 ppm In-House

USP monograph

USP monograph
USP monograph
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TABLE 6-continued

Table 6: Specification of Dibasic Potassium Phosphate API

Sr. No. Test Specification Reference

9.  Bacterial Endotoxin Not more than 0.1 EU/mg of Dibasic Potassijum  USP <85>
phosphate
Microbial Enumeration Tests
10.  Total Aerobic Microbial Count
(TAMC)
Total Combined Yeasts and Molds Not more than 100 cfu/g

Count (TYMC)

Not more than 1000 cfu/g USP <61> & <1111>

11.  Total Coliforms Negative USP <62> & <1111>
12.  Residual Solvents Meets the requirement USP
TABLE 7

Table 7: Specification of Sodium Chloride

Sr. No. Test Specification Reference

1. Description Colorless, cubic crystals or white USP
crystalline powder. Has a saline taste

2. Solubility Freely soluble in water; soluble in USP
glycerin; slightly soluble in alcohol

3. Identification tests

3.1. Sodium Meet the requirement USP<191>

3.2. Chlorde Meet the requirement USP <191>

4. LOD@105° C. 0.5% of its weight. USP <731>

5. Assay Not less than 99.0% and Not more  USP monograph
than 100.5% on the dried basis
6. Appearance of Solution Meet the requirement USP monograph

7. Acidity or Alkalinity
8. Impurities
8.1.  Aluminum (Al)

Meet the requirement USP monograph

Not more than 0.2 ppm USP monograph

8.2. Arsenic Not more than 1 ppm USP <211>, Method 1
8.3. Barium Should be complies USP monograph
8.4. Ferrocyanide Should be complies USP monograph
8.5. lodide Should be complies USP monograph
8.6. Iron Not more than 2 ppm USP monograph
8.7. Bromides Not more than 100 ppm USP monograph
8.8. Phosphates Not more than 25 ppm USP monograph
8.9. Potassium Not more than 500 ppm USP monograph
8.10. Magnesium and Alkaline Farth  Not more than 100 ppm USP monograph

Metals (as Ca)
8.11. Nitrite (Absorbance Value)
8.12. Sulfate
9. Sterility
10. Bacterial Endotoxin

Not more than 0.01%
Not more than 200 ppm USP monograph
Meets the requirement USP<71>

Not more than 0.1 EU/mg of Dibasic USP <85>
Potassium phosphate

Meets the requirement USP

USP monograph

11. Residual Solvents

TABLE 8

Table 8: Specification of Potassium Phosphates in Sodium Chloride Injection, RTU

Sr. No. Test Release Specification Shelf Life Specification Reference

1. Description clear colorless solution, free  clear colorless solution, free  In-House
from visible particles from visible particles

2. Identification tests
7.1  Potassium Meet the requirement Not Applicable USP<191>
7.2 Phosphate Meet the requirement Not Applicable USP <191>
7.3  Sodium Meet the requirement Not Applicable USP<191>
7.4  Chloride Meet the requirement Not Applicable USP <191>
3. pH Between 6.0 and 7.0 Between 6.0 and 7.0 In-House
4. Osmolality 550-700 mOsmol/kg 550-700 mOsmol/kg USP <785>
5. Aluminum content Not more than 50 ug/L Not more than 50 pg/L In-house
6. Particulate matter
3.1 A) Visible particles USP<790>

Should be free of visible
particles

Should be free of visible
particles

Visual inspection
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TABLE 8-continued

Table 8: Specification of Potassium Phosphates in Sodium Chloride Injection, RTU

Apr. 14, 2022

Sr. No. Test Release Specification Shelf Life Specification Reference
3.2 B) Sub-visible Particles (By Light Obscuration method) USP<788>,
10 um size particles Not more than 6000 Not more than 6000 particles Method-I; B
particles per container per container
25 um si1ze particles Not more than 600 particles  Not more than 600 particles
per container per container
7. Container content for Not less than 100.0 mL Not less than 100.0 mL USP<697>
Injections
8.  Assay of Potassium Not less than 95.0% and Not Not less than 90.0% and Not In-house
(Label Claim: Each 100 mLL.  more than 105.0% more than 110.0%
bag contains 8.50 mg/mL of
Potassium
9.  Assay of Phosphorus Not less than 95.0% and Not Not less than 90.0% and Not In-house
(Label Claim: Each 100 mL.  more than 105.0% more than 110.0%
bag contains 4.65 mg/mL of
Phosphorus)
10.  Assay of Sodium Not less than 95.0% and Not Not less than 90.0% and Not In-house
(Label Claim: Each 100 mI.  more than 105.0% more than 110.0%
bag contains 3.57 mg/mL of
Sodium)
11.  Assay of Chloride Not less than 95.0% and Not Not less than 90.0% and Not In-house
(Label Claim: Each 100 mI.  more than 105.0% more than 110.0%
bag contains 5.43 mg/mlL of
Chloride)
12.  Stenlity Meets the requirement Meets the requirement USP<71>
13.  Bacterial endotoxins Not more than 1.10 USP Not more than 1.10 USP USP<®5>
EU/mg EU/mg
14.  Residual Solvents Meets the requirement Not Applicable USP<467>
(Option 1)

15.  Container Closure imntegrity Meets the requirement Meets the requirement USP<1207.2>

test

[0048] Ion Chromatography Methods: TABI E 9-continued
[0049] Assay of Anions (Phosphorus and Chloride) and

Cations (Potassium and Sodium) By Ion Chromatography: Parameters Conditions

All the solution preparations (Mobile Phase, Standard, Flow rafe 04 ml fmin.

Sample) should be prepared in plastic ware (Volumetric Detector Suppressed conductivity
flask, beakers, pipette tips, eluent bottles, etc.). [njection volume 50 uL

[0050] Preparation of Mobile Phases: g‘éﬂ tTISH‘j N %gf/ém“m

[0051] Mobile Phase for Anions (9 mM Na2CO3): Take Sample Cpmler Temp.  25° C.

18.0 mL of Dionex Sodium Carbonate concentrate (0.5M)
and dilute to 1000 mL with IC grade water (18.2 M2-cm,

0.22 um filtered), mixed well and degas it for 10 minutes.

AERS 500e 2 mm (constant voltage &
recycle mode) (18 mA)

Suppressor

Purge the solution with helium at 8-10 ps1 for 10 minutes. [0056] Chromatographic Conditions for Anions are shown
After purging blanket/pressurize the container with helium 0 Table 10.

at 8-10 ps1 for 10 minutes.

[0052] Mobile Phase for Cations (20 mm Methanesulfonic TARLE 10

Acid (MSA)): Take 350.0 mL of Dionex CS12A Eluent

concentrate (0.4M Methanesulfonic Acid) and dilute to 1000 Parameters Conditions

mlL with IC grade water (18.2 M£2-cm, 0.22 um filtered),

. : . Dionex IonPac RFIC CG12A (4 x 50 mm
mixed well and degas 1t for 10 minutes. ( )

Guard Column

Column Dionex IonPac RFIC CS12A (4 x 250 mm)
[0053] Diluent: Use IC grade water (18.2 ME2-cm, 0.22 Flow rate 0.7 mL/min.
LLm ﬁltered) as Diluent. Detector Suppressed conductivity
" . e Injection volume 50
[0054] IC. COIldl’[lOI.ls‘: The 11q111d‘ ‘chromatography ij;l . 15 “MLmutes
equipped with conductivity detector, an injector and a data Cell Temperature 30° C.
Processor. Sample Cooler Temp. 25° C.
[0055] Chromatographic Conditions for Anions are shown SUppressor CDRS 600 4 mm (constant voltage &
‘1 Table O recycle mode) (41 mA)
TABIE 9 [0057] Preparation of Analytical Solutions:
[0058] Preparation of Standard Solution-1 Set-1 (For
Parameters Conditions

Anions): Transier 0.465 mL of Phosphate Phosphorus Stan-
dard Solution for IC and 0.543 mL of Chloride Standard
Solution for IC into 25 mL of plastic volumetric flask made

up to the mark with diluent, mixed well. Further diluted 5.0

Guard Column
Column

Dionex IonPac RFIC AG9-HC (2 x 50 mm)
Dionex IonPac RFIC AS9-HC (2 x 250 mm)
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ml. above solution mnto 25 mL of plastic volumetric flask
made up to the mark with diluent, mixed well. (This solution
contains 3.720 ug/mlL of Phosphorus and 4.344 ug/ml. of
Chlonde).

[0059] Preparation of Standard Solution-1 Set-2 (For
Anions): Transter 0.465 mL of Phosphate Phosphorus Stan-
dard Solution for IC and 0.543 mL of Chloride Standard
Solution for IC into 25 mL of plastic volumetric flask made
up to the mark with diluent, mixed well. Further diluted 5.0
ml above solution mnto 25 mL of plastic volumetric flask
made up to the mark with diluent, mixed well. (This solution
contains 3.720 ug/mL of Phosphorus and 4.344 ug/ml of
Chloride).

[0060] Preparation of Standard solution-2 Set-1 (For Cat-
ions): Transier 0.850 mL of Potassium Standard Solution for
IC and 0.357 mL of Sodium Standard Solution for IC into 25
ml of plastic volumetric flask made up to the mark with
diluent, mixed well. Further diluted 5.0 mL above solution
into 25 mL of plastic volumetric flask made up to the mark
with diluent, mixed well. (This solution contains 6.800
ug/mL of Potassium and 2.856 ug/mL of Sodium).

[0061] Preparation of Standard solution-2 Set-2 (For Cat-
ions): Transter 0.850 mL of Potassium Standard Solution for
IC and 0.357 mL of Sodium Standard Solution for IC into 25
ml. of plastic volumetric flask made up to the mark with
diluent, mixed well. Further diluted 5.0 mL above solution
into 25 mkL of plastic volumetric flask made up to the mark
with diluent, mixed well. (This solution contains 6.800

ug/mL of Potassium and 2.856 ug/mlL of Sodium).

[0062] Preparation of Sample Solution: Transfer 1.0 mL of
Finished Product mto 100 mL of plastic volumetric flask
made up to the mark with diluent, mixed well. Further
diluted 4.0 mL above solution mto 50 mL of plastic volu-

metric flask made up to the mark with diluent, mixed well.
(This solution contains 3.720 ug/ml of Phosphorus, 4.344

ug/mlL of Chloride, 6.800 ug/ml. of Potassium and 2.856
ug/mL of Sodium).

[0063] Injection Sequence for Anions 1s shown in Table
11:
TABLE 11
Number of
Sr. No. Solution Name Injection

1. Column Condition 3

2. Diluent 1

3. Standard Solution-1 Set-1 (For Anions) 6

4, Standard Solution-1 Set-2 (For Anions) 2

5. Diluent 1

6. Sample Solution-1 to 6 2

7. Diluent 1

8. Bracketing Standard Solution-1 1

Set-1 (For Anions) (Inject after 6
Test Samples)
[0064] Injection Sequence for Anions 1s shown in Table
12:
TABLE 12
Number of
Sr. No. Solution Name Injection

1. Column Condition 3

2. Diluent 1

3. Standard Solution-2 Set-1 (For Cations) 6

Apr. 14, 2022

TABLE 12-continued

Number of

Sr. No. Solution Name Injection
4, Standard Solution-2 Set-2 (For Cations) 2
5. Diluent 1
6. Sample Solution-1 to 6 2
7. Diluent 1
8. Bracketing Standard Solution-2 1
Set-1 (For Cations) (Inject after 6
Test Samples)
[0065] System Suitability Requirements are shown 1n
Table 13:
Phosphorus Chloride  Potassium Sodium
Parameter Peak Peak Peak Peak
Z Z Z Z Z

% Correlation No Less Than 98.0 and No More Than 102.0

between Standard
Solution Set-1 and
Set-2

% RSD of Standard
USP tailing of

No More Than 2.0
No More Than 2.0

standard

USP plate count of No More Than 2000

standard

Overall % RSD of No More Than 2.0

Standard

[0066] Calculate the % correlation 1 standard solution

and report the value. If any peak response identified 1n
Diluent at principal peaks then mean the peak response of
cach individual principal peak from all the diluent injected
in sequence and subtract that individual peak response from
Standard and Sample respectively.

[0067] % Correlation between Standard Solution Set-1
and Set-2 1s calculated as

Rsid 2 Vsid 1

Rod 1 Ve 2 <1

[0068] Where Rstd 1 1s Average Peak area of each indi-
vidual peak 1n Standard Solution Set-1, Rstd 2 1s Average
Peak area of each individual peak in Standard Solution
Set-2, Vstd 1 1s Dilution of Standard Solution Set-1, and
Vstd 2 1s Dilution of Standard Solution Set-2.

[0069] Calculations

[0070] Calculate the Assay 1n test solution and report the
value. Note: If any peak response 1dentified 1n Diluent at
principal peaks then mean the peak response of each indi-
vidual principal peak from all the diluent injected in
sequence and subtract that individual peak response from
Standard and Sample respectively.

[0071] 9% Assay 1s calculated as follows:
Ru Vs 5.0 100 50 P
Rs 257725 Vi 40  LC.
[0072] Where Ru 1s Average Peak area of each individual

peak 1n Sample Solution, Rs 1s Average Peak area of each
individual peak 1n Standard Solution Set-1, Vs 1s Volume of
cach Anion Standards (Phosphorus and Chloride) and Cat-
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ion Standards (Potassium and Sodium) (in mL), Vt 1is
Volume of Sample Solution (1in mL), P 1s Potency of each

TABLE 15-continued

individual Standard, and L..C. 1s Label Claim of each Anions St Amount  Amount
and Cations as follows: Phosphorus (Anion)-4.65 mg/mlL., No. Sample name added  recovered % Recovery
Chlonide (An10n)-5.43 n}g/ij Potasstum (Cation)-8.50 | Accuracy Level-150% Set-1 21173 89750 101.9
mg/mlL, and Sodmum (Cation)-3.57 mg/mL. > Accuracy Level-150% Set-2 81221  8.2221 101.2
[0073] Validation for Ion Chromatography: 3 Accuracy Level-150% Set-3 ~ 8.1206  8.2802 102.0
[0074] The Ion Chromatographic process was then tested Mean 101.7
and validated, and exemplary results are shown 1n FIGS. 4-7 S; DREEV g'j
depicting excellent linearity in the relevant range for the j |
various 1ons. More specifically, FIG. 4 depicts the linearity
curve for phosphorus, FIG. 5 depicts the linearity curve for
chloride, FIG. 6 depicts the linearity curve for potassium, TARIE 16
and FIG. 7 depicts the linearity curve for sodium, and Table
13 provides exemplary results from these linearity curves. St Amount  Amount
No. Sample name added recovered % Recovery
TABLE 13 1 Accuracy Level-50% Set-1 42860  4.2825 99.9
2 Accuracy Level-50% Set-2 4.2890 4.2816 99.%8
Anions Cations 3  Accuracy Level-50% Set-3 4.2875  4.2808 99.8
Mean 99.8
Name Phosphorus  Chloride Potassium Sodium STD Dev 0.1
. . % RSD 0.1
CSI‘I‘&I&'[IDH coefficient 0.999K 0.9996 1.0000 1.0000 1 ACCUI&G}, I evel-100% Set-1 R 5660 R 5052 99 3
R*Value 0.9925 09992 1.0000 1.0000 2 Accuracy Level-100% Set-2 85716  8.5544 99.8
Slope of regression line 0.8266 0.9917 0.5345 0.8214 3 Accuracy Level-100% Set-3 R 5774 R 6057 1003
Y intercept ~0.2310  -0.4332  -0.0084  0.0031 Mean 90 8
STD Dev 0.5
: . % RSD 0.5
[0075] Tables 14-17 provide further data for the accuracies 1 Accuracy Level-150% Set-1  12.8574 12.8679 1001
tor phosphorus (Table 14), chloride (Table 13), potassium 2 Accuracy Level-150% Set-2  12.8568  12.7590 99.2
(Tab]e 16),, and sodium (Tab]e 17)_ 3  Accuracy Level-150% Set-3 12.8577 12.8449 99.9
Mean 99,7
_ﬂ STD Dev 0.5
TABLE 14 o RSD 0.5
ST Amount Amount
No. Sample name added recovered % Recovery
1 Accuracy Level-350% Set-1 23483  2.3752 101.1 TABLE 17
2 Accuracy Level-50% Set-2 2.3489 2.3674 100.8
3 Accuracy Level-50% Set-3 2.3513  2.3592 100.3 ST Amount  Amount
Mean 100.7 No. Sample name added recovered % Recovery
STD Dev 0.4 . .
0, RSD 04 1  Accuracy Level-50% Set-1 1.7779 1.7785 100.0
1 Accuracy Level-100% Set-1  4.6924  4.6986 100.1 2 Accuracy Lovel-507% Set-2 L7795 L7730 99.6
2 Accuracy Level-100% Set-2  4.6967  4.7287 100.7 3 Accuracy Level-50% Set-3 L7776 17744 99.8
3 Accuracy Level-100% Set-3  4.6987  4.7609 101.3 Mean 99.8
Mean 1007 STD Dev 0.3
STD Dev 0.6 70 RSD 0.3
04 RSD 0.6 1  Accuracy Level-100% Set-1 3.5597 3.5414 99.5
1 Accuracy Level-150% Set-1  7.0437  7.0506 100.1 2 Accuracy Lovel-100% Set-2 - 3.5583  3.5502 99.8
2 Accuracy Level-150% Set-2  7.0428  7.0125 99.6 3 Accuracy Level-100% Set-3 - 3.3330  3.5647 100.3
3 Accuracy Level-150% Set-3  7.0436  7.0702 100.4 Mean 9.7
Mean 100.0 STD Dev 0.2
STD Dev 0.4 70 RSD 0.2
0 RSD 04 1  Accuracy Level-150% Set-1 5.3342 5.3404 100.1
2 Accuracy Level-150% Set-2 5.3374 5.3049 994
3 Accuracy Level-150% Set-3 5.3364 5.3340 100.0
Mean 998
. STD Dev 0.4
TABLE 15 o0, RSD 0.4
ST Amount Amount
No. Sample name added recovered % Recovery [0076] Table 18 depicts exemplary results for cation and
1 Accuracy Level-50% Set-1 27056  2.7676 102.3 dIoN ICCOVELY.
2 Accuracy Level-50% Set-2 2.7079 2.7514 101.6
3 Accuracy Level-30% Set-3 2.7050 2.7540 101.8 TABILE 18
Mean 102.0
STD Dev 0.5 Ions Recovery Levels Mean % Recovery % RSD
% RSD 0.5
1  Accuracy Level-100% Set-1 5.4170 5.5163 101.8 Phosphorus 50% Level 100.7 0.4
2 Accuracy Level-100% Set-2 5.414% 5.5327 102.2 100% Level 100.7 0.6
3 Accuracy Level-100% Set-3 5.4067 5.5532 102.7 150% Level 100.0 0.4
Mean 102.0 Chloride 50% Level 102.0 0.5
STD Dev 0.3 100% Level 102.0 0.3
% RSD 0.3 150% Level 101.7 0.4
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TABLE 18-continued [0080] Stability Studies

Tons Recovery Levels Mean % Recovery % RSD [0081] For the stability studies, the inventors investigated
Potassium 50% Level 99.8 0.1 stability of a phosphorus solution containing saline that was

100% Level 09.%8 0.5

150% Level 99.7 0.5 prepared according to FIG. 3 from water and potassium
Sodium 50% Level 99 .8 0.3

100% Level 99.7 0.2 dihydrogen phosphate (KH.PO,), potassium hydrogen

150% Level 99.8 0.4 FEIDEE PRSP (KHPO.). p THDE

phosphate (K,HPQO,), and sodium chloride (NaCl), wherein

[0077] In conclusion, it should therefore be appreciated the potasstum dihydrogen phosphate was present in the
that the above test method established that the method 1s
specific, linear, accurate, precise, robust and stable. Based
on solution stability data (data not shown), 1t was concluded
that standard solution are stable up to 168 Hrs at room
temperature, that sample solutions are stable up to 168 Hrs present in the solution in an amount of about 1,180 mg/100
at room temperature, and that mobile phases were stable up
to 72 Hrs at room temperature under continuous chromato-
graphic conditions.

[0078] Aluminum Detection

[0079] In a similar manner, the inventors set further out to
detect and quantily aluminum levels in the solutions pre- (0.15 mmol/mL), 22 mEqg/100 mL potassium, and had an
sented herein, and FIG. 8 depicts an exemplary linearity
curve for aluminum in the potassium phosphates solutions
presented herein. Table 19 provides exemplary results for

Accuracy & Method Precision at 100% Spiked Level by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). claving conditions employed.

solution an amount of about 1,120 mg/100 ml (8.2 mmol/

100 ml), wherein the potassium hydrogen phosphate was

ml (6.8 mmol/100 ml), and wherein the sodium chloride was

present in the solution 1n an amount of about 900 mg/100 ml.

Thus, the solution contained 15 mmol/100 ml phosphorus

aluminum content of about 30 mcg/L. Table 20 provides an

overview of the packaging materials used and filling/auto-

TABLE 19

Accuracy & Method Precision (@ 100% Spiked Level

Average %

Sets/Levels % Recovery Recovery AVG. SD % RSD
LOQ_25%_ Set-1 113.84 113.92 105.75 9.8281 9.3
113.99
LOQ_25%_ Set-2 109.62 110.06
110.50
LOQ_25%_ Set-3 93.04 93.26
93.48
50%_ Set-1 104.27 103.36 104.44  3.5114 3.4
102.45
50%__Set-2 101.87 101.25
100.63
50%__Set-3 108.41 108.70
108.99
100%__Set-1 99.52 99.77 99.76  4.5208 4.5
100.02
100%__Set-2 99.66 100.01
100.35
100%__ Set-3 95.48 96.02
96.57
100%__ Set-4 99.33 100.35
101.37
100%__ Set-5 107.55 107.97
108.39
100%__ Set-6 93.73 94.42
95.12
200%__ Set-1 99.74 99.67 97.29 2.9961 3.1
99.59
200%_ Set-2 99.59 98.53
9747
200%__ Set-3 94.770 93.68
92.65
400%__Set-1 96.32 96.07 95.77 0.3961 0.4
95.82
400%__Set-2 95.55 95.38
95.21
400%__Set-3 96.08 95.87
95.65
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TABLE 20

Potassium Phosphates in Sodium Chloride Injection
(15 mmol/100 mL of Phosphorus and 22 mEq/100 mL of Potassium)

Secondary packaging for all samples was an aluminum pouch

(PET/ALU/PET/PP) and bag fill volume was 100 ml.

Bag Source

TechnoFlex

TechnoFlex

TechnoFlex

Grifols

Bausch

HaemoPharm

HaemoPharm

Bag Film Bag
Material Material

PP PP
Film/Layflat

Inerta 103
(0.20-NCT)

PP PP
Film/Layflat

Inerta 103
(0.20-NCT)

PVC/Layflat PVC
MediPack-3222
(0.32-NCT)

Not PP
Available

APP 1148 PP
200 um
Film

160 mm
Width
NEXCEL
M312A
Film
(Sealed Air)
135 x 0.40

NEXCEL
M312 Film
(Sealed Air)
135 x 0.40

Polyolefins

Polyolefins

Bag

Bag  Injection
Injection Port
Port  material

1 Twist off
Port 823-PP
INERTAO16

2 Twist off

Port 823-PP
INERTAO16 and
Injection

Port

2 Twist off 450

Welded
PVC 3222 and
Injection
Port

1 PP Plug for
Twist off

2 PP Plug for

Twist off and
Injection
Port

1 PP Plug for
Twist off 1n
Melitek

1 PP Plug for
Twist off 1n
Melitek

Bag Tube
Material

PP-4618%
D 6.15 x R.2
Tube-NCT

PP-4618
D 6.15 x 8.2
Tube-NCT

PV(C-3227
D 6.15 x 8.2
Tube-NCT

Not
Available

APP 107
Tubing
O 8.2 x 6.2

Raumedic
Tube
) 6.2 x 8.3

Raumedic
Tube
6.2 x 8.3

Batch No.
(Stability
Batches and
Results)

NPO2052
(6 Months)

NPO2092
(6 Months)

NPO21001
(6 Months)

NPO2052
(6 Months),
NPO2092
(6 Months)

NPO2052
(6 Months)

NPO2052
(6 Months),
NPO2092
(6 Months)
NPO2052
(6 Months)

NPO21001
(6 Months)

B#192073__11

(6 Months)

NPO21006
(6 Months)

NPO21007
(6 Months)

NPO21008
(6 Months)

Sterilization
Method

Terminal

Sterilization
(121° C. for
15 Minutes)
Terminal

Sterilization
(121° C. for
15 Minutes)

Aseptic Filling,

Terminal

Sterilization
(121° C. for
15 Minutes)
Terminal

Sterilization
(115° C. for
20 Minutes)
Terminal

Sterilization
(121° C. for
15 Minutes)

Terminal

Sterilization
(121° C. for
15 Minutes)

Terminal

Sterilization
(121° C. for
15 Minutes)
Terminal

Sterilization
(121° C. for
15 Minutes)

Aseptic Filling,

Terminal
Sterilization
(121° C. for
15 Minutes),
Terminal
Sterilization
(115° C. for
20 Minutes)
Terminal

Sterilization
(121° C. for
15 Minutes)

Aseptic Filling,

Terminal

Sterilization
(121° C. for
15 Minutes)

Aseptic Filling,

Terminal

Sterilization
(121° C. for
15 Minutes)
Terminal

Sterilization
(121° C. for
15 Minutes)
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TABLE 20-continued
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Potassium Phosphates in Sodium Chloride Injection
(15 mmol/100 mL of Phosphorus and 22 mEq/100 mL of Potassium)

Secondary packaging for all samples was an aluminum pouch
(PET/ALU/PET/PP) and bag fill volume was 100 ml.

Bag
Bag  Injection
Bag Film Bag Injection Port
Bag Source Material Material Port  material
Informed APP114S Polyolefins 1 1963/SM -
Fluids Film winged
(Polycine) spike port
135 x 0.20
Informed NEXCEL Polyolefins 1 1963/SM -
Fluids M312 Film winged
(Sealed Air) spike port
135 x 0.20
[0082] Stability was determined for all samples over vari-

ous time periods and temperatures as 1s indicated in the

respective “Stability Batches and Results”, with detailed

results shown in FIGS. 9-17. More specifically, FIG. 9
depicts stability conditions and results for Stability Batch
NPO2032, FIG. 10 depicts stability conditions and results
for Stability Batch NPO2092, FIG. 11 depicts stability
conditions and results for Stability Batch NPO21001, FIG.

12 depicts stability conditions and results for Stability Batch

B #192073_11, FIG. 13 depicts stability conditions and
results for Stability Batch NPO21006, FIG. 14 depicts
stability conditions and results for Stability Batch
NPO21007, FIG. 15 depicts stability conditions and results
for Stability Batch NPO21008, FIG. 16 depicts stability
conditions and results for Stability Batch NPO21012, and
FIG. 17 depicts stability conditions and results for Stability
Batch Engineering Batch Lot #21070832. All formulations
listed 1n FIGS. 9-17 had an aluminum content of less than 50
mcg/L, with most formulations having an aluminum con-
centration ol between about 7-27 mcg/L.

[0083] As can be readily seen form the results, the mate-
rials of the primary container did exert some influence on

Batch No.
(Stability
Bag Tube  Batches and Sterilization
Material Results) Method
APP107 NPO21001 Aseptic Filling,
Tubing (6 Months) Terminal
D 6.8 x 8.8 Sterilization
Roll (121° C. for
15 Minutes),
Terminal
Sterilization
(115° C. for
20 Minutes)
NPO21007 Aseptic Filling,
(6 Months) Terminal
Sterilization
(121° C. for
15 Minutes)
NPO21008 Terminal
(6 Months) Sterilization
(121° C. for
15 Minutes)
NPO21012 Terminal
(up to 3 Sterilization
Months) (121° C. for
15 Minutes)
Engineering Aseptic Filling,
Batch Terminal
Lot#21070832  Sterilization
(Initial) (121° C. for
15 Minutes)
COEX NPO21012 Terminal
TUBE (up to 3 Sterilization
PP/EVA Months) (121° C. for
3 6.8 x 8.8 15 Minutes)
Roll
Engineering Aseptic Filling,
Batch Terminal
Lot#21070832  Sterilization
(Initial) (121° C. for

15 Minutes)

storage stability as evidenced by the liquid particle count
(LPC) for particle size measurements at 10 and 25 micron.
In addition, as can also be seen with certain materials, the
presence ol an overwrap substantially reduce loss of water
via vapor phase as evidenced by the cation and anion
concentrations.

[0084] In some embodiments, the numbers expressing
quantities of ingredients, properties such as concentration,
reaction conditions, and so forth, used to describe and claim
certain embodiments of the invention are to be understood as
being modified 1n some instances by the term *“about.”
Accordingly, in some embodiments, the numerical param-
cters set forth i the written description and attached claims
are approximations that can vary depending upon the desired
properties sought to be obtained by a particular embodiment.
The recitation of ranges of values herein 1s merely intended
to serve as a shorthand method of referring individually to
cach separate value falling within the range. Unless other-
wise 1ndicated herein, each individual value 1s incorporated
into the specification as 1f 1t were individually recited herein.

[0085] As used herein, the term “administering” a phar-
maceutical composition or drug refers to both direct and
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indirect administration of the pharmaceutical composition or
drug, wherein direct administration of the pharmaceutical
composition or drug 1s typically performed by a health care
proiessional (e.g., physician, nurse, etc.), and wherein 1ndi-
rect administration includes a step of providing or making,
available the pharmaceutical composition or drug to the
health care professional for direct administration (e.g., via
injection, infusion, oral delivery, topical delivery, etc.). It
should further be noted that the terms “prognosing’ or
“predicting” a condition, a susceptibility for development of
a disease, or a response to an intended treatment 1s meant to
cover the act of predicting or the prediction (but not treat-
ment or diagnosis of) the condition, susceptibility and/or
response, including the rate of progression, improvement,
and/or duration of the condition in a subject.

[0086] All methods described herein can be performed 1n
any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g. “such as”)
provided with respect to certain embodiments herein 1s
intended merely to better 1lluminate the imvention and does
not pose a limitation on the scope of the mnvention otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed element essential to the
practice of the imnvention.

[0087] As used 1n the description herein and throughout
the claims that follow, the meaning of “a,” “an,” and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein, the
meaning of “in” includes “in” and “on” unless the context
clearly dictates otherwise. As also used herein, and unless
the context dictates otherwise, the term “‘coupled to” 1s
intended to include both direct coupling (in which two
clements that are coupled to each other contact each other)
and indirect coupling (in which at least one additional
clement 1s located between the two elements). Therefore, the
terms “coupled to” and *“‘coupled with” are used synony-
mously.

[0088] It should be apparent to those skilled 1n the art that
many more modifications besides those already described
are possible without departing from the mmventive concepts
herein. The mventive subject matter, therefore, 1s not to be
restricted except 1 the scope of the appended claims.
Moreover, 1n interpreting both the specification and the
claims, all terms should be interpreted in the broadest
possible manner consistent with the context. In particular,
the terms “comprises” and “comprising’ should be inter-
preted as referring to elements, components, or steps 1 a
non-exclusive manner, indicating that the referenced ele-
ments, components, or steps may be present, or utilized, or
combined with other elements, components, or steps that are
not expressly referenced. Where the specification claims
refers to at least one of something selected from the group
consisting of A, B, C . . . and N, the text should be
interpreted as requiring only one element from the group,
not A plus N, or B plus N, etc.

What 1s claimed 1s:

1. An 1sotonic sterile ready-to-use (RTU) aqueous potas-
sium phosphates solution, comprising potassium phosphates
and sodium chloride, wherein the solution comprises 15
mmol/100 ml phosphorus (0.15 mmol/mL) and equal or less
than 50 mcg/L. aluminum.

2. The solution of claim 1, wherein the potassium phos-
phates comprise potassium dihydrogen phosphate

Apr. 14, 2022

(KH,PO,) and potasstum hydrogen phosphate (K,HPO,),
wherein the potassium dihydrogen phosphate 1s present in
the solution an amount of about 1,120 mg/100 ml or 8.2
mmol/100 ml of Phosphorus and wherein the potassium
hydrogen phosphate 1s present in the solution 1n an amount
of about 1,180 mg/100 ml or 6.8 mmol/100 ml of Phospho-
rus.

3. The solution of claim 1, wherein the potassium 1s
present 1n the solution 1n an amount of about 22 mEq/100
mlL.

4. The solution of claim 1, wherein the sodium chloride 1s
present in the solution 1n an amount of about 900 mg/100 ml.

5. The solution of claim 1, wherein the solution has a pH

of between 6.2 and 6.8.

6. The solution of claim 1, wherein the solution has, after
autoclaving and storage of at least 3 months at 25° C. and
40% relative humidity, a liquid particle count of no more
than 360 and 30 for particles at 15 and 25 micrometer size,
respectively.

7. The solution of claim 1, wherein the solution has, after
autoclaving and storage of at least 3 months at 25° C. and
40% relative humadity, a change in phosphorus of no more
than 1% absolute.

8. The solution of claim 1, wherein the solution has, after
autoclaving and storage of at least 3 months at 25° C. and
40% relative humidity, a change in potassium of no more
than 2% absolute.

9. The solution of claim 1, wherein the solution 1s
packaged in a flexible polyolefin container, optionally at a
volume of 100 mL.

10. The solution of claim 1, wherein the flexible poly-
olefin container 1s further contained 1n a secondary metal-
lized overwrap.

11. A sterile ready-to-use (RTU) premixed pharmaceutical
product stored 1n a flexible polymeric container, wherein the
pharmaceutical product comprises a potassium phosphates
in an aqueous sodium chloride solution containing (a) less
than 50 mcg/L. aluminum, (b) about 15 mmol/100 ml phos-
phorus, and (c¢) about 22 mEq/100 mL potassium.

12. The pharmaceutical product of claim 11, wherein the
potassium phosphates comprise potassium dihydrogen phos-
phate (KH,PO,) and potassium hydrogen phosphate
(K,HPO,), wherein the potassium dihydrogen phosphate 1s
present 1n the solution an amount of about 1,120 mg/100 ml
or 8.2 mmol/100 ml of Phosphorus, and wherein the potas-
stum hydrogen phosphate 1s present 1n the solution 1n an
amount of about 1,180 mg/100 ml or 6.8 mmol/100 ml of
Phosphorus.

13. The pharmaceutical product of claim 12, wherein the
sodium chloride 1s present 1n the aqueous sodium chlornde
solution 1n an amount of about 900 mg/100 ml.

14. The pharmaceutical product of claim 11, wherein the
premixed pharmaceutical product in the flexible polymeric
container has a volume of 100 mL.

15. The pharmaceutical product of claim 11, wherein the
flexible polymeric container 1s enclosed in a secondary
metallized overwrap.

16. The pharmaceutical product of claim 11, wherein the
premixed pharmaceutical product comprises about 4.65
mg/mL of phosphorus (0.15 mmol/mL), about 8.50 mg/mL
of potassium (0.22 mEg/mL), about 3.57 mg/mL of sodium,
and about 5.43 mg/mL of chloride.

17. A method of administering phosphates to a patient in
need of phosphorus replacement therapy, comprising:
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administering, without prior dilution, an 1sotonic, sterile,
and ready-to-use (RTU) solution comprising potassium
phosphates and sodium chloride solution from a flex-
ible container to the patient at a rate of infusion and by
a route ol administration corresponding to the patient’s
age and degree of need of phosphorus replacement;

wherein the solution comprises about 15 mmol/100 ml

phosphorus, about 22 mEq/100 mL potassium, and less
than 50 mcg/L aluminum.

18. The method of claim 17, wherein the rate of infusion
1s 6.8 mmol phosphates per hour or 15 mmol phosphates per
hour.

19. The method of claim 17, wherein the route of admin-
istration 1s a central venous catheter.

20. The method of claim 17, wherein the solution 1is
administered after storage of at least 3 months at 25° C. and
40% relative humidity.

¥ ¥ # ¥ o
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