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CERTIFICATION AND REQUESTFOR PRIORITIZED EXAMINATION

UNDER37 CFR1.102(e) (Page1of 1)

First Named knoe Application Number(if[imener’’ [John Maloney omLT
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTSPRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1.

3.

The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have beenfiled with the request. The publication fee requirement is met
becausethat fee, set forth in 37 CFR 1.18(d), is currently $0. The basicfiling fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

| understand that the application may not contain, or be amended to contain, more than four
independentclaims, more thanthirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

The applicable box is checked below:

Original Application (Track One) - Prioritized Examination under §

(a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.

---OR---

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each

inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f})(3)(i) is
filed with the application.

A requestfor continued examination has beenfiled with, or prior to, this form.
If the applicationis a utility application, this certification and requestis being filed via EFS-Web.

iii. The application is an original nonprovisionalutility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

iv. This certification and requestis being filed prior to the mailing of a first Office action responsive

Signature

to the request for continued examination.
No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

/pryan I. skelton/ pate Yanuary 15, 2019

Bryan L. Skelton Practitioner 50893Registration Number
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which mayresult in termination of proceedings or abandonmentof the
application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whetherdisclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may bedisclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counselin the course of
settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof Congress submitting a
requestinvolving an individual, to whom the record pertains, whentheindividual has requested assistance from
the Memberwith respect to the subject matter of the record.
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
needfor the informationin order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records maybe disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuantto the Atomic Energy Act (42 U.S.C.
218(c)).
A record from this system of records maybedisclosed, as a routine use, to the Administrator, General
Services,or his/her designee, during an inspection of records conducted by GSA aspart of that agency’s
responsibility to recommend improvements in records managementpractices and programs,under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and anyotherrelevant(/.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may bedisclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may bedisclosed, subject to the limitations of 37 CFR 1.14, as a routine use,to the public if the record
wasfiled in an application which became abandonedorin which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency,if the USPTO becomes aware ofa violation or potential violation of law or regulation.
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STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND

METHODSOF USE

TECHNICAL FIELD

The subject matter described herein relates generally to compositions for parenteral

administration comprising L-cysteine that are stable and have desirable safety attributes

for extended periodsoftime.

BACKGROUND

L-cysteine is a sulfur-containing amino acid that can be synthesized de novo

from methionine and serine in adult humans. L-cysteine performs a variety of

metabolic functions. For example, L-cysteine is involved in growth and protein

synthesis and it is a precursor for glutathione, an important intracellular antioxidant.

L-cysteine is generally classified as a non-essential amino acid or “semi-

essential” amino acid because it can be synthesized in small amounts by the human

body. However, some adults can still benefit from L-cysteine supplementation.

Further, L-cysteine has been classified as conditionally essential in some cases. For

example, L-cysteine can be conditionally essential in preterm infants due to

biochemical immaturity of the enzyme cystathionase that is involved in L-cysteine

synthesis. Thus, there are a number of circumstances in which L-cysteine

supplementation can be desirable.

The subject matter described herein addresses the shortcomings of the art by

providing L-cysteine compositions that facilitate the desired supplementation but

with an exceptional safety, purity and stability profile.

BRIEF SUMMARY

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:
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L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (AJ) in an amount from about 1.0 part per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (AJ) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;
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dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

optionally one or more metals selected from the group consisting of Lead from

about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic from

about 0.1 ppb to 10 ppb, and Mercury [rom about 0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about 1000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cysteine described herein; and an amino acid composition that is

essentially free of L-Cysteine comprising one or more aminoacidsselected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain aspects, the subject matter described herein is directed to a method of

reducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion having a volume of about 100 mL to about 1000 mL,
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wherein the Aluminum provided in said parenteral nutrition regimenis from about 1-2 to

about 4-5 micrograms/kg/day.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapcutically effective dosing regimen.

In certain aspects, the subject matter described herein are directed to methods of

admuinistermg L-Cysteine together with a composition for parenteral nutrition, comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally cffective dose. In one aspect, the subject is a preterm

infant or newborn to about 1 month of age. Some of these subjects may weigh from about

0.5 kilos to about 2.0 kilos. In another aspect, the subject is a pediatric patient that is of

about 1 month to six months of age. Some of these subjects may weigh from about 0.2

kilos to about 20 kilos. In another aspect, the subject is an adult requiring parenteral

nutrition.

These and other aspects are more fully described herein.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in allaming

reduced and consistent dissolved oxygen (DO)levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and
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finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction. This demonstrates the specific phase of manufacturing at which and to the

specific level that oxygen needs to be controlled in the product.

Figure 2 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in attaining

reduced and consistent dissolved oxygen (DO)levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and

finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction.

Figure 3 depicts a process filler set up to fill and reduce head space oxygen.

Figure 4 showsdata for the process of Example 4. The plot shows comparison of

oxygen headspace control between the lyophilizer chamber headspace control method

versus the high-speed filler vacuum stoppering system. The time zero oxygen headspace

results for the batch PROT-000213 are shown in comparison to the previously

manufactured lots. Results shown were measured at the time of manufacturing on samples

of vials from the batches.

Figure 5 depicts the data measured for dissolved oxygen levels in the process of

Example 4.

DETAILED DESCRIPTION

The presently disclosed subject matter will now be described more fully hereinafter.

However, many modifications and other embodiments of the presently disclosed subject

matter set forth herein will come to mind to one skilled in the art to which the presently

disclosed subject matter pertains having the benefit of the teachings presented in the

foregoing descriptions. Therefore,it is to be understood that the presently disclosed subject

matter is not to be limited to the specific embodiments disclosed and that modifications
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and other embodiments are intended to be included within the scope of the appended

claims. In other words, the subject matter described herein covers all alternatives,

modifications, and equivalents that are within the ordinary skill in the art. In the event that

one or more of the incorporated literature, patents, and similar materials differs from or

contradicts this application, including but not limited to defined terms, term usage,

described techniques, or the like, this application controls. Unless otherwise defined, all

technical and scientific terms used herein are intended to have the same meaning as

commonly understood by one of ordinary skill in this field. All publications, patent

applications, patents, and other references mentioned herein are incorporated by reference

in their entirety.

Advantageously, it has been found that the desirable attributes of L-cysteine

compositions for infusion can be obtained without the characteristic impurity profile that

is known in the art. Such impurity profile makes the product less safe to be used by

patients, in particular, preterm and term infants and pediatric patients of 1 month to 1 year

as well ascritically ill adults. Specifically, the art formulations fail to address the issues

related to the amounts of Aluminum and cystine, among other impurities, that can be

routinely present and co-administered with L-cysteine. It has now been found that L-

cysteine compositions for injection can be prepared using the methods described herein

whereby the compositions unexpectedly comprise exceedingly low levels of Aluminum

and other undesirable impurities, such as cystine, pyruvic acid, certain heavy metals and

certain ions. As a result, the present compositions and methods of using said compositions

are safer to the intended subject compared to the currently available compositions and

methods. Further, the product is also rendered more stable by virtue of lower levels of

cystine generated by the manufacturing processes described herein.

As described herein, without being bound to theory, it has been found that the

problemsof safety, purity and stability are results not simply or directly from the level of

Aluminum,but are also intertwined with dissolved oxygen levels in the composition and

oxygen in the headspace as well as certain heavy metals and certain ions that may leach or

be extracted out of the container closure.
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An L-Cysteine for injection product was prepared with the aim to provide a product

that would be acceptable for administration to infants, pediatric and adult patients. High

quality Schott glass vials and stoppers were used. See Example 2. It was however found

that glass containers contribute more significantly than expected to the Aluminum content

of L-cysteine compositions stored therein to the point where the product did not meet the

specifications for certain components. Products having such Alumimum levels would

likely be deemed unsafe by the FDA. Assuch, efforts were focused on identifying the

sources of Aluminum in the product and attempts to minimize it in the product. These

efforts led to the unexpected discovery that simply removing a source of Aluminum by

replacing glass with plastic did not result in a product having the desired propcrtics.

Additional efforts to identify the root cause for the productfailure led to the finding

that the product likely failed because oxygen entered the plastic container and into the

product at a rate higher than previously expected or predicted. For example, the plastic

container product failed in somecasesin less than 1-2 months. See Example 3. This finding

was also unexpected. Increased oxygenlevels in the product led to unacceptable levels of

oxidation products, such as cystine, which precipitated and caused particulates in the

product. Particulates are dangerous in injectable compositions and create a safety concern,

in addition to the stability issuc to the product.

However, the precipitation may have been exacerbated by reduction in Aluminum

since Aluminum in solution may haveastabilizing effect. Consequently, removing

Aluminum may have the unintended consequenceof increased precipitation and product

failure in the presence of even small amounts of oxygen in the container. This was

unexpected.

Additionally, controlling heat in the process including during the compounding

and/orsterilization activities, unexpectedly was found to be beneficial for preparing stable

L-Cysteine compositions described herein. This was surprising because L-Cysteine has

been used in parenteral products as an excipient where the productis subjected to terminal

sterilization which exposes the product to high temperatures such as 120 °C.
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Some subjects that would be receiving L-Cysteine supplementation are, as

discussed elsewhere herein, pre-term neonatesor full-term infants that are underweight, or

infants that may be full term and are not underweightbutarestill candidates for treatment,

in many cases for longer term treatment. For example, some of these subjects may be

treated with L-Cysteine for several days or several weeks, even several months. In these

cases, il is imperative that the subjects are not exposed to potentially toxic or undesirable

levels of some anions and heavy metals that may be present in drug products. Examples of

such heavy metals include but not limited to Lead, Nickel, Arsenic and Mercury. Examples

of anions that should be monitored include but not limited to iodide, and fluoride. Many

of these are introduced into drug products through manufacturing processes, containcr

closure systems, or the drug substance and the excipients. The levels of the heavy metals

and anions may not be a concern with many drug products because the patient population

exposed to the drug maybe notas vulnerable as in the case of L-Cysteine, or the dosing of

such drug products may be very limited, i.e., for one or a few doses. For the reasons noted

above, it is imperative that L-Cysteine drug product, its administration, its manufacture,

and its container closure system are carefully evaluated for the levels of heavy metals and

selected anions. The state of the art is lacking in providing any specific guidance on the

need for this evaluation, the specific heavy metals and anions on which to focus, and how

to achieve control over the levels. The L-Cysteine compositions, methods of

administration and manufacture, selection of container closure system and the excipients

and the drug substance as described herein fill that need.

Thus, in summary, as described herein, reducing aluminum drastically to extremely

low levels in the product, reducing oxygen to very low levels in the process and in the

composition, and/or reducing or climinating heat in the process, and in consideration of

data showing selection of the appropriate container, stopper, drug substance, and

excipients, individually or in combinalion(s), resulted in achieving a sale, stable

composition of L-Cysteine injection that could be administered safely even to very delicate

pediatric subjects such as pre-term neonatal subjects that are as young as a day and may

weigh as low as 0.5 kilos, for a few days to several weeks.
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L-cysteine for injection is a marketed product used as a componentofa nutritional

supplementregimenreferredto as total parenteral nutrition (TPN). The Aluminum content

in known L-cysteine compositions for injection is higher than desired. Moreover, when

the L-cysteine composition is combined with certain amino acids prior to administration,

the amino acids contribute some amount of Aluminum, and Aluminum levels can further

increase. TPN admixtures constitute several other components (in addition to amino acid

mixtures) such as electrolytes (such as Potasstum Phosphate, Calcium gluconate, and

sodium acetate). These electrolytes may also contribute to high Aluminum levels in TPN

admixtures (Smith et al., Am. J. Health Syst. Pharm., vol. 64, April, 1, 2007, pp. 730-739).

This is of particular concern since administration of the L-cysteine is often to infants (some

of them pre-term) for nutritional support. A focus of the subject matter described herein is

in mimimizing the Aluminum levels coming from L-Cysteine compositions so thal when

admixed with other ingredients of TPN admixtures, the overall Aluminum levels could be

reduced while minimizing introduction of undesirable materials such as heavy metals,

anions, and particulates. All of these components are present in amounts that are below

levels determined to besafe.

L-cysteine (2-Amino-3-sulfhydrylpropanoic acid} is a sulfur-containing amino

acid having a structure according to Formula I:

OQ

HS OH

L-cysteine performs a variety of metabolic functions. For example, L-cysteine is a

precursorfor antioxidants, such as glutathione and taurine, thal support oxidative defense

and a healthy immune system. L-cysteine can also play a role in the synthesis of essential

fatty acids and facilitate production of cell membranes and protective covers of nerve

endings. Additionally, L-cysteine can be an important precursor for many proteins, such

as structural proteins in connective tissuc. Thus, the depletion or absence of cystathionase

activity in premature fetuses and newborns to synthesize L-cysteine de novo has led to the
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categorization of L-cysteine as a conditionally essential amino acid. Additionally,

administration of L-cysteine can be valuable to treat a number of conditions in subjects,

whether or not the subject is a premature infant or neonate.

Knownpharmaceutical compositions that contain L-cysteine can typically contain

undesirable levels of certain components. Cystine is an oxidation product of L-cysteine.

Like L-cysteine, cystine can be synthesized in the liver. Further, both L-cysteine and

cystine can be present as amino acid residues in proteins. However, because cystine is an

oxidation product of L-cysteine,it is possible that the amount of cystine can increase over

time. Thus, it may be desirable to maintain the amount of cystine within predetermined

levels over time. Forall practical purposes, cystine and L-Cystine are used interchangeably

herein. Pyruvic acid is another undesirable compound that can be found in L-cysteine

compositions known in the art. It is possible that the amount of pyruvic acid in these

compositions can increase over time. Thus, it may be desirable to maintain the amount of

pyruvic acid within predetermined levels over time.

Perhaps of most concern is the level of Aluminum in known L-cysteine

compositions. Aluminumcontamination and associated Aluminumtoxicity can lead to a

numberof adverse conditions such as metabolic bone disease, neurodevelopmental delay,

cholestasis, osteoporosis, growth failure, dementia, and the like. It is desirable to allow no

more than 4-5 mcg/kg/day of Aluminum to avoid toxicity. It is preferable to keep the dose

on the conservative side as much as possible, ie., at 4 mcg/kg/day to avoid accidental

overdosing in case Aluminum from some other reason (unanticipated or unknown source

or due to humanerror) is introduced. Up to now, known L-cysteine compositions contain

up to 5000 ppb Aluminum. Even levels of 900 ppb are known in currently available

products. In stark contrast, described herein are compositions that provide a therapeutically

effective amount of L-cysteine, while containing less than 250 ppb Aluminum, including,

in certain embodiments, less than 200 ppb, or less than 175 ppb, or less than 150 ppb, or

less than 125 ppb, or less than 120 ppb, or less than 100 ppb, or less than 80 ppb, or less

than 75 ppb, or less than 60 ppb, or less than 50 ppb, or less than 40 ppb,or less than 30

ppb, orless than 20 ppb,orless than10 ppb, orless than 5 ppb, orless than 1.0 ppb. Thus,

what has now been achieved is an unexpected and substantial reduction in Aluminum

10
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content of an L-Cysteine composition that permits exposure to less than or equal to 4-5

microgramsper kilogram per day (ug/kg/d) to avoid or minimize Aluminum toxicity while

still providing therapeutically effective L-cysteine in a stable composition. In someaspects,

the compositions described herein permit an Aluminum dose of as low as 0.6

micrograms/kg/d, improving significantly the safety of the L-Cysteine product and its

administration.

High risk patient populations for Aluminum toxicity in the context of parenteral

nutrition include the following: Renal Insufficiency and Infants: Renal elimination is a

major source of Aluminum removal. Therefore, patients with renal compromise and infants

with immature renal function are at risk of Aluminum accumulation. Pregnant women:

The fetus is vulnerable to Aluminum contaminationin parenteral nutrition since Aluminum

may be transferred across the placenta. Elderly: Age is a well-knownrisk factor for renal

impairment and thus results in a higher risk of Aluminum toxicity. Other studies suggest

that Aluminum toxicily may be due to increased absorption of Aluminum due to a

weakened GIprotective barrier.

The compositions and methods described herein provide the means to support the

nutritional needs of patients, including preterm infants or infants with low birth weight, but

reduce the risks associated with Aluminum ingestion. Most preterm and low birth weight

infants tend to require parenteral nutrition with amino acid supplementation during their

hospital stay. However, as mentioned above,infants are a particularly high-risk population

for Aluminum toxicity. To address such issues, in certain embodiments, the compositions

comprise about 34.5 mg/mL of L-cysteine (measuredas a base, i.e., nol measured as HCl

and monohydrate) and no more than 250 ppb, preferably about 120 ppb, or lower, of

Aluminum. These compositions with no more than 120 ppb of Aluminum,and in certain

embodiments, about 120 ppb, or 100 ppb, or 80 ppb, or 60 ppb, or 50 ppb, or 20 ppb, or 10

ppb or 5 ppb or 1.0 ppb, or any suitable subrange encompassing the specific values, in units

of 5 ppb, permit great flexibility with respect to the amino acid supplementation for TPN

preparations.
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L-Cysteine injection is administered after being added to a parenteral nutrition

composition such as an amino acid composition, or a sugar-source such as dextrose or a

lipid source or a combination of the foregoing. It is preferred that L-Cysteine is added to

the amino acid composition, which may be administered separately or in combination with

other components of a parenteral nutrition regime such as sugars and lipids. For present

purposes, the Aluminum content of the combined L-Cysteine and aminoacid solution is of

interest, and is monitored. L-Cysteine may be dosed at 15 mg per gram of amino acids or

sometimesat a high concentration, i.e., 40 mg/gram of amino acids.

Commercially available amino acid product labeling for example indicates that 25

meg/L of Aluminum is contributed from the productitself. The general recommended

maximum dose is 4 g of amino acids/kg body weight. Generally amino acids solutions are

available as 10% (10 g/100 mL) which would necessitate 40 mL volumeto be administered

for a 1 kg preterm neonatal patient. Based on this the amino acids solution is expected to

contribule to about 1 mcg/kg/day. This leaves about 3 mcg/kg/day from other sources

including L-cysteine. In some scenarios, there may be five or more other components

including L-cysteine that can contribute to varying levels of Aluminum in TPN mixtures.

For the sake of illustration, assume there are five contributors that contribute equally. The

expected maximum Aluminum contribution that may come from L-Cysteine would be 3

meg/kg/day)/5 = 0.6 mcg/kg/day. In light of Smith et al. (Am. J. Health Syst. Pharm., vol.

64, April, 1, 2007, pp. 730-739), significant contributors to Aluminum levels besides amino

acids and L-Cysteine are Potassium Phosphate, Potassium Acetate, Sodium Acetate, and

Calcium Gluconate. The reference indicates that contributions from all of these are high

such that 100% of pediatric (including preterm and full-term infants) TPNs have >4

ug/kg/day (range 12 — 162 pg/kg/day) of Aluminum coming from various sources. Even

after carefully selecting the products with the least Aluminum content components among

those available for treatment, the TPNs have > 4 ug/kg/day. This finding for example

highlights the need to systematically reduce the amount of Aluminumin each product that

will be incorporated into a TPN admixture. The current efforts are directed to providing L-

Cysteine compositions that offer exceedingly low Aluminum levels.
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One of the difficulties with establishing dosing levels of L-Cysteine with an eye to

keep the Aluminum administration to below orat a certain amountis the lack of uniformity

in the art as to how to categorize the subjects in terms of their age and weight. This

imprecise terminology has been used often blurring the boundaries among the patient

groups, making it difficult to assess which patient should receive what amount of L-

Cysteine, and hence how much Aluminum would result. As such, the art does not suggest

what the levels of Aluminum exposure should be, nor does it provide a solution that

minimizes Aluminum exposure during a TPN regimen. Following Table 1 shows a

streamlined approachto categorize the potential patient population and their proposed daily

doses of L-Cysteince.

Table 1. Daily Dosage of L-Cysteine

L-Cysteine

Protein’ . Dosage
Requirement L-Cysteine Dosage (mg

Age (g/kg/day)' (mg cysteine/g AA)|cysteine/kg/day)
Preterm and terminfants less than 1 month 3 to4 15 45 to 60

of age

Pediatric patients 1 month to less than 1 2to3 15
year of age

Pediatric patients 1 year to 11 years of age

Pediatric patients 12 years to 17 years of 0.8 to 1.5
age

Adults: Stable Patients 4to5

Adults: Critically TI Patients 7.5 to 10
4Protein is provided as amino acids. Wheninfused intravenously, amino acids are metabolized and utilized as the building blocks of
protein.

 
 
 
 

  
 

 
 
  
 

 
 

 

 

 
From the above Table, it should be noted that the most need for L-Cysteine is for

the preterm infant. Therefore, to safely administer L-Cysteine compositions, the Aluminum

level in the compositions must be substantially less than what is in commercially available

products and those described in the art. There has been no specific guidance in the art

however of how low this Aluminum level should be, and how to achicve compositions with

such low Aluminum levels. To the extent there may be some guidance, the levels proposed

are considered higherthan desirable.
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L-Cysteine Injection as presented herein in some embodiments contains no more

than 120 mcg/L (120 ppb) of aluminum (0.0035 mcg of aluminum/mg of cysteine). The

maximum dosage of aluminum from L-Cysteine Injection is not more than 0.21

meg/kg/day when preterm and term infants less than 1 month of age are administered the

dosage of L-Cysteine injection (15 mg cysteine/g of amino acids and 4 g of amino

acids/kg/day). If L-Cysteime is added to TPN containing amino acid and dextrose solutions

(which each may contain up to 25 mcg/L of aluminum) as well as other additive drug

products, the total amount of aluminum administeredto the patient from the final admixture

should be considered and maintained at no more than 5 mcg/kg/day.

However, with prolonged parenteral administration in patients with renal

impairment, the aluminum contained in L-Cysteine Injections disclosed herein may reach

toxic levels. Preterm infants are at a greater risk for aluminum toxicity because their

kidneys are immature, and they require large amounts of calcium and phosphate solutions,

which also contain aluminum. Prolonged administration herein may mean at least one

week, or may be up to 2-4 weeks. In some aspects, the administration could continue for

up to 24 weeks.

Patients with renal impairment, including preterm infants, who receive parenteral

levels of aluminum at greater than 4 to 5 mcg/kg/day, accumulate aluminum at levels

associated with central nervous system and bonetoxicity. Tissue loading may occur at even

lower rates of administration. Therefore, it is essential that aluminum levels in the L-

Cysteine drug product are carefully controlled and kept at as low as possible. Such

embodiments are disclosed herein.

Looking more specifically at contribution of Aluminum by the prior products, data

show that the Aluminumlevels of 5,000 ppb or even the 900 ppb associated with these

products are not desirable or acceptable. Tables 2-3 report the Aluminum contribution from

the commercial product of prior art with 900 ppb or 5000 ppb Aluminum level based on

two scenarios: a) an L-Cysteine dosing regimen based on 15 mg/gram of amino acids; and

b) an L-Cysteine dosing regimen based on 40 mg/gram of amino acids. The Tables also
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show the Aluminum contribution from an L-Cysteine product as described herein and

having a level of 120 ppb.

Table 2. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum
 

  
 
 

 

      
Age L-Cysteine Dose at|Aluminum Aluminum Aluminum

(15 mg/ g AA) Contribution|Contribution|Contribution
from 900 ppb|from 5,000|from 120 ppb
product ppb product product

ee

Preterm and 45 to 60 1.31 to 1.18 to 1.57|6.53 to 8.70|0.157 to

term infants 1.74 0.209
less than 1

month

Pediatric 30 to 45 0.87 to 0.79 to 1.17|4.35 to6.52|0.1 to 0.157

patients 1 1.31
monthto less

than 1 yr
Pediatric 15 to 30 0.44 to 0.40 to 0.79|2.18 to 4.35|0.053 to 0.1

patients 1 yr 0.87
to 11 yrs
Pediatric 4 to 7.5 0.18 to 0.11 t0 0.20|0.58 to 1.09|0.022 to

patients 12 yrs 0.22 0.026
to 17 yrs
Adults: Stable|4 to 5 0.18 to 0.11 t0 0.14|0.58 to 0.73|0.022 to

Patients 0.23 0.028

Adults: 7 to 10 0.32 to 0.2 to 0.28|1.02 to 1.46|0.038 to

Critically ill 0.46 0.055
patients

  
Table 3. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum
 

Age

  

L-Cysteine Doseat
(40 mg/ g AA)

 

 
 

 
 
 

Aluminum Aluminum Aluminum

Contribution|Contribution Contribution

from 900|from 5,000 ppb|from 120) ppb

 

ppb product _|_ product  
oduct

42 to 0.  

 

to less than | yr
Pediatric

patients 1 yr to
11 yrs

   

 
  
 

40 to 80 1.16

2.32

 
15

1.05 to 2.09

reterm an . to

term infants less 4.64

than 1 month

Pediatric 80 to 120)|2.32 to|2.09 to 3.13|11.59 to 17.39|0.28 to 0.42

patients 1 month 3.48
   
 

3.79 to 11.59
 

0.14 to 0.28
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Pediatric 10.66 to|0.31 to|0.28 to 0.53|1.56 to 2.94 0.04 to 0.07

patients 12 yrs 20 0.58
to 17 yrs
Adults: Stable 10.66 to|0.31 to|0.28 to 0.35|1.56 to 1.94 0.04 to 0.047

Patients 13.33 0.39

 
 

Adults: 18.7 to|0.54 to|0.49 to 0.70|2.72 to 3.89 0.065 to 0.09

Critically ill 26.7 0.77
patients
 

Tf the preterm infants are given the high dose of L-cysteine (40 mg / gram of amino

acids), this requires that a dose of 160 mg/kg (4.64 mL/kg) of L-Cysteine at a (base)

concentration of 34.5 mg/mL be delivered. (See Table 3 above). The compositions

described herein contribute about 0.0035 mcg Aluminum per each mg of L-cysteine, or

0.12 meg of Aluminum per each mL at 120 ppb. Thus, a dose of 160 mg/kg (4.64 mL/kg)

L-cysteine delivers only 0.56 mcg/kg Aluminum at 40 mg/g of AA dosing on the higher

end, or 0.157 mcg/kg at 15 mg/g of AA dosing on the lower end. See Tables 2-3. In

contrast, if art products were to be used, these patients would receive either 23 mcg/kg (for

the product that contains 5,000 ppb of Aluminum), or 4.2 mcg/kg of aluminum (for the

product that contains 900 ppb of Aluminum). Giventhat the total daily intake permissible

for Aluminum is expected to be ideally less than 4-5 mcg/kg, the art products already

exceed the entire daily Aluminum level and do not leave room for Aluminum contribution

from other TPN components. Therefore, these known high Aluminum-containing products

are likely to be deemed unsale by the FDA and are neither desirable nor acceptable. In

contrast, the L-Cysteine compositions presented herein provide Aluminum levels ranging

from 10 ppb to about 250 ppb. Taking 20 ppb, 50 ppb, 120 ppb, and 150 ppbas illustrations,

the Tables below estimate the amount of Aluminum delivered for each class of patients

using 34.5 mg/mL L-Cystcine product when being dosed at 15 mg/g of Amino Acids.

Table 4. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum

    
  

  
  
 

  Aluminum Aluminum
Contribution|Contribution

from 120 ppb|from 150 ppb
product

L-Cysteine|Aluminum Aluminum
Dose at|Contribution|Contribution

l5mg/g AA|from 20 ppb|from 50 ppb
product product
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Preterm 45 to 60 0.026 to 0.065 to 0.157 to 0.195 to

and term 0.035 0.088 0.209 0.26
infants less

than 1
month

Pediatric 30 to 45 0.017 to 0.043 to 0.1 to 0.157|0.13 to

patients | 0.026 0.065 0.195
monthto

less than 1

yr
Pediatric 15 to 30 0.009 to 0.022 to 0.053 to 0.066 to

patients 1 0.017 0.044 0.11 0.125
yr to 11 yrs
Pediatric 4to7.5 0.004 0.009 to 0.022 to 0.027 to

patients 12 0.01 0.026 0.033
yrs to 17
yrs

Adults: 4to5 0.004 0.009 to 0.022 to 0,027 to
Stable 0.12 0.028 0.035
Patients

Adults: 7 to 10 0.006 to 0.016 to 0.038 to 0.048 to

Critically 0.009 0.23 0.055 0.069
ill patients

 
 

In some embodiments, parenteral L-Cystcine compositions provide about 35

mg/mL of L-Cysteine to deliver 45 to 60 mg/kg/day of L-Cysteine and from about 0.02 to

about 0.3 meg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 30 to 45 mg/kg/day of L-

Cysteine and from about 0.01 to about 0.25 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 15 to 30 mg/kg/day of L-Cysteine and from about 0.005 to about 0.15

meg/kg/day of Aluminum.

In some embodiments, parenteral L-Cystcine compositions provide about 35

mg/mL of L-Cysteine to deliver 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to

about 0.04 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 4 to 5 mg/kg/day of L-

Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine
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to deliver 7 to 10 mg/kg/day of L-Cysteine and from about 0.004 to about 0.08 mcg/kg/day

of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 45 to 60 mg/kg/day of L-Cystcine and from about 0.02

to about 0.3 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 1 month to less than 1 year of age a parenteral L-

Cysteine compositionthat delivers 30 to 45 mg/kg/day of L-Cysteine and from about 0.01

to about 0.25 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 1 year to 11 years of age a parenteral L-Cysteine

composition that delivers 15 to 30 mg/kg/day of L-Cysteine and from about 0.005 to about

0.15 mcg/kg/day of Aluminum, admixed with a parenteral nutriion composition.

Tn some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

compositionthat delivers 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to about

0.04 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 4 to 5 mg/kg/day of

L-Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum, admixed with a

parenteral nutrition composition. In some embodiments, a method of safe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-

Cysteine composition that delivers 7 to 10 mg/kg/day of L-Cysteine and from about 0.004

to about 0.08 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Further, taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb asillustrations, the Tables

below estimate the amount of Aluminum delivered for each class of patients using 34.5

mg/mL L-Cysteine product when being dosed at 40 mg/g of Amino Acids.
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Table 5. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum

    

 

       
Age L-Cystcine|Aluminum Aluminum Aluminum Aluminum

Dose at 40|Contribution|Contribution|Contribution|Contribution

mg/g AA from 20 ppb|from 50 ppb|from 120 ppb|from 150 ppb
product product product

Preterm 0.07 to 0.09 0.525 to 0.7

and term

infants less

than |

month

Pediatric 80 to 120|0.047 to 0.117 to 0.28 to 0.42|0.35 to

patients 1 0.07 0.175 0.525
month to
less than 1

yr
Pediatric 40 to 80 0.023 to 0.058 to 0.14 to 0.28|0.175 to

patients 1 0.047 0.117 0.35
yr to 11 yrs
Pediatric 10.66 to 0.007 to 0.017 to 0.04 to 0.07|0.05 to

patients 12|20 0.012 0.029 0.088
yrs to 17
yrs
Adults: 10.66 to 0.007 to 0.017 to 0.04 to 0.05 to

Stable 13.33 0.008 0.02 0.047 0.059

Patients

Adults: 18.7 to 0.011 to 0.027 to 0.065 to 0.081 to

Critically 26.7 0.015 0.038 0.09 0.113
ill patients

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 120 to 160 mg/kg/day of L-Cysteine and from about 0.05

to about 0.8 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 80 to 120 mg/kg/day of L-

Cysteine and from about 0.03 to about 0.6 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 40 to 80 mg/kg/day of L-Cysteine and from about 0.01 to about 0.4 mcg/kg/day

of Aluminum.
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In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 10 to 20 mg/kg/day of L-Cysteine and from about 0.005

to about 0.1 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 10 to 15 mg/kg/day of L-

Cysteine and from about 0.005 to about 0.06 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver about 18 to 28 mg/kg/day of L-Cysteine and from about 0.01 to about 0.15

meg/kg/day of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 120 to 160 mg/kg/day of L-Cysteine and from about

0.05 to about 0.8 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administering lo pediatric patients 1 month to less than 1 year of age a parenteral

L-Cysteine composition that delivers 80 to 120 mg/kg/day of L-Cysteine and from about

0.03 to about 0.6 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administcring to pediatric patients 1 year to 11 years of age a parentcral L-

Cysteine composition that delivers 40 to 80 mg/kg/day of L-Cysteine and from about 0.01

to about 0.4 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Tn some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

composition that delivers 10 to 20 mg/kg/day of L-Cysteine and from about 0.005 to about

0.1 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 10 to 15 mg/kg/day

of L-Cysteine and from about 0.005 to about 0.06 mcg/kg/day of Aluminum, admixed with

a parenteral nutrition composition. In some embodiments, a method of safe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-
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Cysteine compositionthat delivers 18 to 28 mg/kg/day of L-Cysteine and from about 0.01

to about 0.15 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Accordingly, what is provided herein, among other things, are therapeutically

and/or nutritionally effective amounts of L-cysteine with significantly minimized risk of

Aluminum toxicity.

L Definitions

Asused herein, the term “stable” refers to a composition that has the component

profiles described herein, for example, Aluminum, L-Cystine, and pyruvic acid, at the

levels described and for the amount of time identified. In other words, a stable composition

will contain the specified levels of all components for sufficient period of time to enable

the composition to be commercially manufactured, stored, shipped, and administered in a

clinical setting. In general, products are considered stable if the period of time is three

months, or three to six months, or three to 12 months, or three to 15 months, or three to 18

monthsor three to 24 months.

Asused herein, the term “dissolved oxygen”refers to oxygen that is found in the

aqueouscarrier of the compositions. Distinguished from dissolved oxygen is the headspace

oxygen. As uscd hercin, the term “headspace oxygen” refers to the oxygen that is found

in the headspace volumeof the sealed container comprising the composition.

As used herein, the term “cystine precipitate” refers to undissolved L-cystine. The

undissolved cystine may be visually detected as particulate matter in solution.

As used herein, “subject” refers to a mammal that may benefit from the

administration of a composition described herein. In one aspect, the mammal may be a

human.

The term “prophylaxis” or “prophylactic” refers to the continued absence of

symptomsof the disease or condition that would be expected had the combination not been

administered.
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As used herein, the terms “formulation” and “composition” are used

interchangeably and refer to a mixture of two or more compounds, elements, or molecules.

In some aspects, the terms “formulation” and “composition” may be used to refer to a

mixture of one or more active agents with a carrier or other excipients. Compositions can

take nearly any physical state, including solid and/or liquid (i.e. solution). Furthermore,

the term “dosage form”can include one or more formulation(s) or composition(s) provided

in a form suitable for administration to a subject. As used herein, the term “compositions

for injection” and the like, refers to a composition that is intended for injection, including

dilution and admixing with other components prior to injection. Said injection may be

administered as an intravenousinjection, or as an intravenous infusion. When administered

as infusions, the compositions may be administered through a peripheral vein in limited

circumstances or more commonly through a central vein. One of skill in the art would have

experience with such administrations.

Asused herein, “effective amount”refers to an amount of an ingredient, such as

L-cysteine, which, when included in a composition,is sufficient to achieve an intended

compositional or physiological effect. Thus, a “therapeutically or nutritionally effective

amount” refers to a non-toxic, but sufficient amount of an active agent, to achieve

therapeutic or nutritional results in treating or preventing a condition for which the active

agent is knownto be effective or providing nutritional value to prevent effects of

malnutrition. It is understood that various biological factors may affect the ability ofa

substance to perform its intended task. Therefore, an “effective amount” or a

“therapeutically or nutritionally effective amount” may be dependent in some instances

on such biological factors. Additionally, in some cases an “effective amount” or a

“therapeutically or nutritionally effective amount” may not be achieved in a single dose.

Rather, in some examples, an “effective amount”or a “therapeutically or nutritionally

effective amount” can be achieved after administering a plurality of doses over a period

of time, such as in a pre-designated dosing regimen. Further, while the achievement of

therapeutic/nutritional effects may be measured by a physician or other qualified medical

personnel using evaluations knownintheart, it is recognized that individual variation

and response to treatments may make the achievementof therapeutic or nutritional cffects
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a subjective decision. The determination of an effective amountis well within the

ordinary skill in the art of pharmaceutical and nutritional sciences as well as medicine.

As used herein, the term “substantially” refers tothe complete or nearly

complete extent or degree of a component, or an action, characteristic, property, state,

structure, item, or result. The exact allowable degree of deviation from absolute presence

of such a component, or an action, characteristic, property, state, structure, item, or result

may in some cases depend on the specific context. However, generally speaking,

“substantially” will be so near as to have the same overall result as if absolute and total

extent or degree were obtained. The use of “substantially” is equally applicable when used

in a negative connotation to refer to the complete or near complete lack of a component, or

an action, characteristic, property, state, structure, item, or result. For example, a

composition that is “substantially free of’ a component would either completely lack the

component, or so nearly completely lack the componentthat the effect would be the same

as if it completely lacked the component. In other words, a composition that is

“substantially free of’ an ingredient or element maystill actually contain such component

as long as there is no measurable effect thereof, for example, trace amounts. As used

herein, “essentially free” means a component, or an action, characteristic, property, state,

structure, item, or result is not present or is not detectable.

The terms “treat” and “treatment” refer to both therapeutic treatment and

prophylactic or preventative measures, wherein the object is to prevent or slow down

(lessen) an undesired physiological change, disorder or adverse health condition. For

purposesofthis disclosure, beneficial or desired clinical results include, but are not limited

to, alleviation of symptoms, diminishment of extent of the condition, stabilized (i.e., not

worsening) state of the condition, delay or slowing of progression of the condition,

amelioration or palliation of the condition, and absence of condition (whether partial or

total), whether detectable or undetectable. “Treatment” can also mean prolonging survival

as compared to expected survival if not receiving treatment. Those in need of treatment

include those already with the condition or disorder as well as those prone to have the

condition or disorder or those in which the condition or disorderis to be prevented.
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The term “pharmaceutically acceptable salts’ denotes salts which are not

biologically or otherwise undesirable. Pharmaceutically acceptable salts include both acid

and base addition salts. The phrase “pharmaceutically acceptable” indicates that the

substance or composition must be compatible chemically and/or toxicologically, with the

other ingredients comprising a formulation, and/or the mammal being treated therewith.

The phrase “pharmaceutically acceptable salt,” as used herein, refers to pharmaceulically

acceptable organic or inorganic salts of a molecule. A pharmaceutically acceptable salt

may involve the inclusion of another molecule that acts as a counterion. The counterion

may be any organic or inorganic moiety that stabilizes the charge on the parent compound.

Furthermore, a pharmaccutically acceptable salt may have more than one charged atom in

its structure. Hence, a pharmaceutically acceptable salt can have one or more charged

atoms and/or one or more counterions. In the case of L-cysteine, the hydrochloride salt

formis preferred.

The phrase “single-use container” refers to a sealed pharmaceutically prepared

container holding a drug productin a sterile environmentthat is intended to be used ina

single operation of transferring the entire contents or substantially entire contents, wherein

the transfer operation spans no more than 10-12 hrs, but often less than 8 hrs, or even six

hours. It should be recognized that the single-use container is gencrally prescrvative-free

and that if multiple transfers are attempted, they should be completed in a short duration,

1e., less than about 8-10 hrs from the first breach of the sterile environment. In some

aspects the single-use container may be used to administerall of its contents to one subject

in need thereof. In some aspects the single-use container may be used to administer its

contents to more than one subject in need thereof.

Asused herein, the term “mixing”refers to admixing, contacting, blending,stirring

or allowing to admix, mix, blend,stir and thelike.

Asused herein, the term “safe” refers generally to a property of the compositions

and methods described herein relative to art method and compositions and/or to FDA

regulatory determination of the compositions and methodsas part of a therapeutically or

nutritionally effective regimen. For example, with respect to known L-Cysteine
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compositions, an Aluminum level of greater than 300 ppb would be generally considered

to render the L-Cysteine product unsafe. Other examples with respect to safety are

described and discussed herein with respect to Aluminum,pyruvate, Cystine, heavy metals,

anions, and particulates.

Additional definitions are provided herein where appropriate.

Il. Compositions

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (AJ) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pyruvic acid in an amount [rom about 0.001 wt% to about 2.0 wl% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 3 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteime or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum(AJ) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;
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L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pytuvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace Oz that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

optionally present can be one or more metals selected from the group consisting of

Lead from about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic

from about 0.1 ppb to 10 ppb, and Mercury from about0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

The Aluminum in a composition can be determined using any known

analytical method, such as those required by FDA regulations, and can include atomic

absorption and mass spectrometry. In certain embodiments, the Aluminum thatis present

in the compositions is present in an amount from about 1.0 ppb to about 250 ppb, or from

about 1.0 ppb to about 180 ppb, or from about 1.0 ppb to about 170 ppb, or from about 1.0

ppb to about 160 ppb, or from about 1.0 ppb to about 150 ppb, or from about 1.0 ppb to

about 130 ppb, or from about 1.0 ppb to about 100 ppb, or from about 1.0 ppb to about 50

ppb, or from about 1.0 ppb to about 20 ppb.

In some embodiments the L-Cysteine and Aluminumare at a ratio of from about

35 million:1 (.e., about 35 million units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum areat a ratio of about 4 million:1. In some

embodiments the L-Cysteine and Aluminum are at a ratio of about 1.8 million:1 (i.e., about

1.8 million units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminum are at a ratio of about 700,000:1 G.e., about 700,000 units of L-
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Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine and Aluminum

are at a ratio of about 300,000:1 G.e., about 300,000 units of L-Cysteine to 1 unit of

Aluminum). In some embodiments the L-Cysteine and Aluminum areat a ratio of about

230,000:1 (ie., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum are at a ratio of about 170,000:1 (.e., about

170,000 units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine

and Aluminumare at a ratio of about 140,000:1 (Le., about 140,000 units of L-Cysteine to

1 unit of Aluminum).

Thus, in some embodiments the L-Cysteine and Aluminum are at a ratio of from

about 35 million:1 (i.e., about 35 million units of L-Cysteine to 1 unit of Aluminum) to

about 1.8 million:1 (1.e., about 1.8 million units of L-Cysteine to 1 unit of Aluminum). In

some embodiments the L-Cysteine and Aluminum areat a ratio of from about 4 million:1

(i.e., about 4 million units of L-Cysteine to 1 unit of Aluminum)to about 1.8 million:1 (.e.,

about 1.8 million units of L-Cystemeto 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminumare at a ratio of from about 1.8 million:1 (.e., about 1.8 million

units of L-Cysteine to 1 unit of Aluminum) to about 700,000:1 (.e., about 700,000 units

of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine and

Aluminum are at a ratio of from about 700,000:1 (G.c., about 700,000 units of L-Cystcine

to 1 unit of Aluminum) to about 300,000:1 (Le., about 300,000 units of L-Cysteine to 1

unit of Aluminum). In some embodiments the L-Cysteine and Aluminum areat a ratio of

from about 300,000:1 (.e., about 300,000 units of L-Cysteine to 1 unit of Aluminum) to

about 230,000:1 (Le., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum are at a ratio of from about 230,000:1 (i.c.,

about 230,000 units of L-Cystcine to 1 unit of Aluminum) to about 170,000:1 G.c., about

170,000 units of L-Cysteine to 1 unit of Aluminum). Thus, in some embodiments the L-

Cysteine and Aluminum areat a ratio of from about 170,000:1 G.e., about 170,000 units of

L-Cysteine to 1 unit of Aluminum) to about 140,000:1 (Le., about 140,000 units of L-

Cysteine to 1 unit of Aluminum). All subranges and individual values with increments of

5,000 units are contemplated by the present disclosure. In some embodiments, the unit of

measure is nanograms. For cxample, in some embodiments the L-Cystcine and Aluminum
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are at a ratio of from about 4 million:1 nanograms (i.e., about 4 million nanograms of L-

Cysteine to 1 nanogram of Aluminum) to about 1.8 million:1 nanograms(i.e., about 1.8

million nanograms of L-Cysteine to 1 nanogram of Aluminum).

In certain embodiments, the compositions comprise Aluminum in trace amounts,

for example 1.0 ppb, but not more than 250 ppb after storage at ambicnt temperature for a

period of 12 months or less, where the Aluminum comprises, from about 1.0 ppb to about

100 ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of

Aluminumfroma cap of the container, from about 1.0 ppb to about 100 ppb of Aluminum

from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the compositions comprise Aluminumin an amount not

more than 200 ppb after storage at ambient temperature for a period of 12 months, wherein

the Aluminum comprises, from about 1.0 ppb to about 100 ppb of Aluminum from the

container, from about 1.0 ppb to about 100 ppb of Aluminum from a cap of the container,

from about 1.0 ppb to about 100 ppb of Aluminum from the L-cysteine, and from about

1.0 ppb to about 20 ppb of Aluminum from the water. In certain embodiments, the

compositions comprise Aluminumin an amount not more than 200 ppb after storage at

ambient temperature for a period of 6 months, where the Aluminum comprises, from about

1.0 ppb to about 100 ppb of Aluminum from the container, from about 1.0 ppb to about

100 ppb of Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppm

of Aluminum from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum

from the water. In certain embodiments, the compositions comprise Aluminum in an

amount not more than 200 ppb after storage al ambient temperature for a period of 3

months, wherein the Aluminum comprises, from about 1.0 ppb to about 100 ppb of

Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum from a

cap of the container, from about 1.0 ppb to about 100 ppm of Aluminum from the L-

cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the dissolved oxygen is present in an amount from about

0.1 ppm to about 5.0 ppm, or from about 0.10 ppm to about 4.0 ppm, or from about 0.10

ppm to about 3.0 ppm,or from about 0.10 ppm to about 2.0 ppm, or from about 0.11 ppm
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to about 1.0 ppm. In particular, values of dissolved oxygen from about 0.4 ppm to about

3.8 ppm are preferred. For the sake of clarity and the ease of discussion and measurement,

these values are taken for the L-Cysteine composition at the time of its manufacture

(commonly known as “time zero” data point), or during and up to 1 month from time zero.

Additional time points beyond the 1-month from time zero data point are expected to

provide similar dissolved oxygenlevels.

To achieve the above objective, as described herein, numerous aspects for possible

oxygen introduction into the L-cysteine composition have been carefully studied and

controlled. For example, in somecases, the dissolved oxygen contentin the carrier can be

reduced to at or below a predetermined level before the L-cysteine is added to the carrier.

In someadditional examples, reducing a level of dissolved oxygen in the carrier can include

blanketing a container for housing the composition in an inert gas, such as nitrogen, argon,

or the like, prior to introducing the carrier or composition into the container. In still other

examples, reducing a level of dissolved oxygen in the carrier can include bubbling the

carrier or composition with an inert gas, such as nitrogen, argon, or the like, at ambient or

reduced atmospheric pressure prior to and/or during addition and mixing of L-cysteine. In

some examples, reducing a level of dissolved oxygen in the carrier can be performed at an

ambicnt or sub-ambient tempcraturc. It is noted that the reduction of dissolved oxygen in

the carrier to at or below a predetermined level can be accomplished without the addition

of a supplementary antioxidant, bul is not required in the methods and compositions

described herein. Thus, the L-cysteine composition for injection is free of a supplementary

antioxidant. As described elsewhere herein, attaining low and consistent dissolved oxygen

was achieved using the protocol with sampling as set forth in Example4.

The compositions have long-term stability. Thus, in certain embodiments, the

amounts of the components described herein are amounts that are detected after the

composition has been in storage. The compositions will have been stored at room

temperature for less than a year, or for a year, or for more than a year. Such timelines

include, for example, for about 15 months, for about 18 months, for about 24 months. Or,

alternatively, the storage time could be for about 9 months, for about 7 months, for about

6 months, for about 5 months, for about 4 months, for about 3 months, for about 2 months,
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for about 1 month, or for about 3 weeks. Storage conditions are 25 °C / 60% RH unless

otherwise indicated.

Useful concentrations of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof in a compositions as described herein include an amount from about

20 mg/mL to about 80 mg/mL, from about 30 mg/mL to about 70 mg/mL, from about 40

mg/mL to about 60 mg/mL, from about 45 mg/mL to about 55 mg/mL, or an amount of

about 50 mg/mL,or from about 35 mg/mL to about 50 mg/mL, or an amount of about 37.5

mg/mL. It is noted that the amounts of L-cysteine disclosed herein, whether as a total mass

or as a concentration, are based on L-cysteine hydrochloride monohydrate or the free base,

as specified. Thus, where other forms of L-cysteine are employed in the composition, the

amountof the alternative form included in the composition can be calculated based on an

equivalent amount of L-cysteine hydrochloride monohydrate rather than the amountof the

alternative form employed.

Thus, the stable L-cysteine composition can comprise total amounts of L-cysteine

from about 200 mg to about 4000 mg, or from about 300 mg to about 700 mg, or from

about 300 mg to about 400 mg. For example, a 10 mL vial could be manufactured to contain

about 350 mg of L-Cysteine. In certain embodiments, the L-cysteine composition can

comprise a total amount of L-cysteine from about 1200 mg to about 2000 mg. For example,

a 50 mL container could be manufactured to contain about 1800 mg of L-Cysteine. In

another embodiment, the total composition of an L-Cysteine composition container may

range from about 3000 mg to about 4000 mg. For example, a 100 mL container could be

manufactured to contain about 3500 mg of total L-Cysteine.

Tt has been found that the container in which the compositions are held can affect

the level of certain components. In certain embodiments, the L-cysteine composition can

be enclosed in a single-use container. The container can have a variety of volumes.

Typically, the container can have a volumeof from about 10 ml to about 100 ml. In some

examples, the container can have a volumeof from about 10 ml to about 50 ml. In other

examples, the container can have a volumeof from about 50 ml to about 100 ml. Instill

other examples, the container can have a volume of about 10 ml or about 20 ml.
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The container can be made of a variety of materials. Non-limiting materials can

include glass, a plastic (e.g. polyethylene, polypropylene, polyvinyl chloride,

polycarbonate, etc.), the like, or a combination thereof provided that it can both prevent

oxygen penetration and minimize Aluminum, heavy metals and anions contamination to

the composition. Up to now,there has been no guidance with regard to the compatibility

of L-cysteine with coated glass vials or that any vials could be used to provide L-cysteine

compositions having low levels of Aluminum.

Another confounding factor is the low pH of the L-Cysteine product, which is less

than 3.0 in certain embodiments. This low pH can disrupt the plastic coating or silicon

coating inside the glass container and Aluminum, heavy metals and anions could leach

during the shelf life of the product, especially over prolonged storage of the product.

Therefore, up to now,the success of the product was uncertain until the products described

herein were manufactured and studied in real time for prolonged periods as described

herein.

Tt should be recognized that vials which are impermeable with an internal coating,

vials which are stored in a pouch that protects the product from atmospheric oxygen

ingress, and relatively thick vials made of impermeable plastic or glass can be suitable for

the L-Cysteine product disclosed herein.

Vials which are stored in a pouch can be prepared in a similar manner as described

herein and then pouched in a plastic material that is then sealed. The pouch may be kept

under vacuum or under an inert atmosphere. Methods for manufacturing such pouched

products, and materials for such manufacture are knownin the industry.

Relatively thick vials made of impermeable plastic are also prepared in a similar

manner as described herein. Such vials may be composed of cyclic olefin materials of

sufficient thickness lo prevent oxygen ingress over a reasonably long period of time, for

example 1 month, 2 months, 3 months, 6 months or 12 months. These vials are packaged

and supplied as such. Alternatively, these vials can also be pouched as described above in

plastic material that is kept under vacuum or underan inert gas atmosphere.It is expected
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that such pouching extends the shelf life of the product by at least 1 month, or 2 months,

or 3 months, or 6 monthsor longer.

In certain embodiments, the vials are made of glass with an internal coating made

of silicon dioxide, for example, Schott Type 1 Plus USP glass. The general thickness of

the coating is presumedto beat least 100-200 nanometers thickness. It is belicved that this

level of thickness was sufficient to provide protection against pH disruption while also

preventing the migration of Aluminum from the glass into the L-Cysteine product. Thus,

in some specific examples, the container can be an internally coated glass container. In

certain other embodiments the glass container is internally coated with silicon dioxide of

about 100 to about 200 nanometers.

In certain embodiments the Aluminum contribution from the container may range

from about 0.1 ppb to about 200 ppb. In certain other embodiments the Aluminum

contribution may range from about 1 ppb to about 150 ppb, from about 1 ppb to about 120

ppb, from about 1 ppb to about 100 ppb, from about 1 ppb to about 80 ppb, from about 1

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about 1 ppb to

about 20 ppb, from about | ppb to about 15 ppb, from about 1 ppb to about 10 ppb, from

about | ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.

The containers are scaled with a suitable stopper made of rubber, clastomeric

polymers, or combinations thereof. In certain embodiments the stoppers are coated with a

special non-reactive inert coating that minimizes interaction with drug product. For

example, some stoppers are coated with Teflon to prevent drug-stopper interactions. One

example of a specific coated stopper is supplied by West Pharma andis called V10-F597W

Stopper, 20 mm Lyo, 4432/50 Gray, B2-TR Coating, Westar RS. This stopper is a cross-

linked mixture of high- and low-molecular weight silicone oils that are cured through the

application of UV rays and heat. Becauseit is a spray-on coating applied to molded closures

before the trimming process, B2-Coating can be applied at various levels on the bottom
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and top of closures. These specific stoppers are preferred even thoughsimilar coating

materials and methodologyapplied to other types of stoppers could also work. The stoppers

are selected not only for their inertness vis-a-vis the drug product but also for their minimal

contribution to Aluminum levels in the drug product.

In certain embodiments the Aluminum contribution from the stopper may range

from about 0.1 ppb to about 100 ppb. In certain other embodiments the Aluminum

contribution may range from about 1 ppb to about 90 ppb, from about 1 ppb to about 80

ppb, from about 1 ppb to about 70 ppb, from about 1 ppb to about 60 ppb, from about 1

ppb to about 50 ppb, from about | ppb to about 40 ppb, from about | ppb to about 30 ppb,

from about | ppb to about 25 ppb, from about 1 ppb to about 20 ppb, from about 1 ppb to

about 15 ppb, from about 1 ppb to about 10 ppb, from about 1 ppb to 5 ppb. In certain

embodiments, the contribution could be in subranges within the above ranges, for example,

from about 35 to 55 ppb, or from about 25 to about 75 ppb, in increments of 5 ppb. All

such ranges and subranges are contemplated herein.

Tn addition to the container and stopper, the drug substance and excipients including

water for injection may contribute Aluminumto the drug product. Thus, in one aspect the

Aluminum contribution from the drug substance may range from about 0.1 ppb to about

70 ppb. In certain other embodiments the Aluminum contribution may range from about 1

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about 1 ppb to

about 20 ppb, from about 1 ppb to about 15 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.

The water for injection may contribute Aluminum from about 0.1 ppb to about 20

ppb. In certain embodiments the Aluminum contribution may range from about 1 ppb to

about 15 ppb, from about 1 ppb to about 12 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to about 8 ppb, from about 1 ppb to about 6 ppb, from about 1 ppb to about 5

ppb, from about 1 ppb to about 4 ppb, from about 1 ppb to about 3 ppb, from about 1 ppb
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to about 2.5 ppb, from about | ppb to about 2 ppb, from about | ppb to about 1.5 ppb. In

certain embodiments, the contribution could be in subranges within the above ranges, for

example, from about 5 to 7.5 ppb, or from about 10.5 to about 15.0 ppb, in increments of

0.5 ppb. All such ranges and subranges are contemplated herein.

In summary, to lower the Aluminum level to even greater extent as described

herein, the container, the stopper, the drug substance, the water for injection, and any other

excipients can be chosen such that the Aluminum concentration in the drug product is from

about 1.0 ppb to about 250 ppb, or as described in the other embodiments provided herein.

Advantageously, in certain embodiments, the compositions maintain cystine levels

for extended periods, and/or are substantially free or essentially free of cystine precipitate.

However, it is noted that where cystine is present in the L-cysteine composition it is not

necessarily dissolved. For example, in some cases, it can be present in the composition as

an undissolved particle.

Wherethe L-cysteine composition includes cystine, it can typically be present in

relatively small amounts compared to L-cysteine. In certain embodiments, cystine is

present in the composition in an amount not more than 2.0 wt% relative to L-cysteine after

storage al ambient temperature for a period of 6 months. In certain embodiments, cystine

is present in the composition in an amount not more than 1.0 wt% relative to L-cysteine

after storage at ambient temperature for a period of 6 months. In certain embodiments,

cystine is present in the composition in an amount not more than 0.5 wt% relative to L-

cysteine after storage at ambicnt temperature for a period of 6 months. In certain

embodiments, cystine is present in the composition in an amount not more than 0.4 wt%

relative to L-cysteine after storage at ambient temperature for a period of 6 months. In

certain embodiments, cystine is present in the composition in an amount not more than 0.3

wt% relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, cystine is present in the composition in an amount not more than

0.2 wt% relative to L-cysteine after storage at ambient temperature for a period of 6

months. In certain embodiments, cystine is present in the composition in an amount not
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more than 0.1 wt% relative to L-cysteine after storage at ambient temperature for a period

of 6 months.

Further, in certain embodiments, cystine can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt% relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, cystine can be

present in the L-cysteine composition, but in an amount not more than 2.0 wt% relative to

L-cysteine after storage at ambient temperature for a period of 3 months. In some

embodiments, cystine can be present in the L-cysteine composition in an amount from

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, cystine can be present in the L-cysteine composition

in an amount from about 0.005 wt% to about 0.5 wt% relative to the amount of L-cysteine

present in the composition. In some embodiments, cystine can be present in the L-cysteine

composition in an amountfrom about 0.05 wt% to about 1.0 wt% relative to the amountof

L-cysteine present in the composition. In some embodiments, L-cystine can be present,

but in an amountthat is either not detectable orthat is below a limit of quantitation using

a standard testing procedure, such as a validated test method for detecting cystine.

Advantageously, in certain embodiments, the compositions maintain pyruvic acid

levels for extended periods, and/or are substantially free or essentially free of pyruvic acid.

Whenpresent, pyruvic acid is typically present in a relatively small amount compared to

L-cysteine. In certain embodiments, pyruvic acid is present in the composition in an

amount not more than 2.0 wt% relative to L-cysteine after storage at ambient temperature

for a period of 6 months. In certain embodiments, pyruvic acid is present in the composition

in an amount not more than 1.0 wt% relative to L-cysteine after storage at ambient

temperature for a period of 6 months. In certain embodiments, pyruvic acid is present in

the composition in an amount not more than 0.5 wt% relative to L-cysteine after storage at

ambient temperature for a period of 6 months. In certain embodiments, pyruvic acid is

present in the composition in an amount not more than 0.4 wt% relative to L-cysteine after

storage al ambient temperature for a period of 6 months. In certain embodiments, pyruvic

acid is present in the composition in an amount not more than 0.3 wt% relative to L-

cysteine after storage at ambient temperature for a period of 6 months. In certain
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embodiments, pyruvic acid is present in the composition in an amount not more than 0.2

wt% relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, pyruvic acid is present in the composition in an amount

not more than 0.1 wt% relative to L-cysteine after storage at ambient temperature for a

period of 6 months. In certain embodiments, pyruvic acid can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt% relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, pyruvic acid can

be present in the L-cysteine composition, but in an amount not more than 2.0 wt% relative

to L-cysteine after storage at ambient temperature for a period of 6 months. In some

embodiments, pyruvic acid can be present in the L-cysteine composition in an amountfrom

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, pyruvic acid can be present in the L-cysteine

composition in an amount from about 0.005 wt% to about 0.5 wt% relative to the amount

of L-cysteine present in the composition. In some embodiments, pyruvic acid can be

present in the L-cysteine composition in an amount from about 0.05 wt% to about 1.0 wt%

relative to the amount of L-cysteine present in the composition. In some embodiments,

pyruvic acid can be present, but in an amountthatis either not detectable or that is below

a limit of quantitation using a standard testing procedure, such as a validated test method

for detecting pyruvic acid.

As discussed above, to achieve safe method and compositions, it is beneficial to

further understand which other components are present beyond Aluminum and pyruvic

acid, and control their amounts as well. Because preterm infants could be exposed to L-

Cysteine for potentially longer periods, and their main source of L-Cysteine is through

parenteral administration, careful consideration should be given to exposure to other

potentially unsafe compoundsthat may leach out of the container or stopper in amounts

greater than what are considered safe limits. Examples includecertain volatile compounds,

certain heavy elements, and certain anions.

Daily acceptable limits are known for these potentially unsafe compounds.

However, because the L-Cysteine Injection is used to infuse into preterm and term infants
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and those elderly that are critically ill will compromised renal functions, and sometimes

for periods that exceed more than a few days, just meeting the daily acceptable limits may

not be sufficient. Every effort must be made to reduce the levels to as low as practicable.

The L-Cysteine compositions presented herein provide in some embodiments about one-

half of the daily acceptable limits; in some embodiments, about one-fourth of the daily

acceptable limits; in some embodiments, about one-filth of the daily acceptable limits; in

some embodiments, about one-sixth of the daily acceptable limits.

The anions that are desirable to control are: Iodide and Fluoride. The acceptable

limit for Iodide is about 20 ppm orless. The acceptable limit for Fluoride is about 30 ppm

or less. The L-Cysteine compositions provided herein show Iodide concentrations ofless

20 ppm and Fluoride concentrations of less than 30 ppm when measured at any time from

the day of manufacture throughits shelf-life of 6 months, or 12 months, or 18 months, or

24 months, when stored under Room Temperature Conditions. In some embodiments, the

L-Cysteine compositions provide from about 1.0 ppm to 20 ppm of lodide; in some

embodiments, from about 1.0 ppm to about 15 ppm; in some embodiments, from about 1.0

ppm to about 10 ppm; and in some embodiments, from about 1.0 ppm to about 5 ppm. In

some embodiments, the L-Cysteine compositions provide from about 1.0 ppm to 20 ppm

of Fluoride; in some embodiments, from about 1.0 ppm to about 15 ppm; in some

embodiments, from about 1.0 ppm to about 10 ppm; and in some embodiments, from about

1.0 ppm to about 5 ppm. Methodsfor evaluating the anions andthe results are provided in

Example 8.

Asnoted above, several elements may leach or be extracted out into the L-Cysteine

drug product, thereby presenting a potential safety/toxicity concern to subjects that require

L-Cysteine parenteral administration. Art-known methods may be used to evaluate the

elemental levels. Inductively-coupled plasma mass spectral method is one such highly

specific method. Example 9 provides the data generated by using ICP-MS technique. As

shown in Example 9, there are over thirty elements that are generally known to present

safety/loxicily concerns. The Table 22 provides the daily allowable limit for all of these

elements, and the observed levels in the present L-Cysteine compositions. The daily

allowable limit for some elements are relatively high, whereas for other elements they are
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relatively very low. For example, Molybdynum hasthe level of 14,500 ppb approximately,

whereas Cadmium has about 19 ppb.

For purposes of monitoring the L-Cysteine compositions for the elements of

concern, in one aspect, the levels of Mercury, Lead, Nickel and Arsenic are of significance.

Therefore, in one aspect, the L-Cystcine compositions presented herein have further

improved safety because they provide these elements at amounts far less than the daily

allowable limits. Targeted daily allowable limits include 48 ppb for Lead, 29 ppb for

Mercury, 194 ppb for Nickel, and 174 ppb for Arsenic.

The L-Cysteme compositions described herein provide from about 1 ppb to 10 ppb

of Lead; in some embodiments, from about 1 ppb to about 8 ppb; in some embodiments,

from about 1 ppb to about 7 ppb; or in some embodiments, from about | ppb to about 5

ppb. when measured at any time from the day of manufacture through its shelf-life of 6

months, or 12 months, or 18 months, or 24 months, when stored under Room Tempcrature

Conditions.

With respect to Mercury, the L-Cystcine compositions described herein provide

from about 0.1 ppb to 10 ppb of Mercury; in some embodiments, from about 0.1 ppb to

about 8 ppb; in some embodiments, from about 0.1 ppb to about 7 ppb; or im some

embodiments, from about 0.1 ppb to about 5 ppb. when measured at any time fromthe day

of manufacture throughits shelf-life of 6 months, or 12 months, or 18 months, or 24

months, when stored under Room Temperature Conditions.

With respect to Nickel, the L-Cysteine compositions described herein provide from

about 1 ppb to 50 ppb of Nickel; in some embodiments, from about 1 ppb to about 40 ppb;

in some embodiments, from about 1 ppb to about 30 ppb; or in some embodiments, from

about 1 ppb to about 25 ppb; or in some embodiments from about 1 ppb to about 20 ppb,

when measured at any time from the day of manufacture through its shelf-life of 6 months,

or 12 months, or 18 months, or 24 months, when stored under Room Temperature

Conditions.

With respect to Arsenic, the L-Cysteine compositions described herein provide

from about 0.1 ppb to 60 ppb of Arsenic; in some embodiments, from about 0.1 ppb to
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about 50 ppb; in some embodiments, from about 0.1 ppb to about 40 ppb; in some

embodiments, from about 0.1 ppb to about 30 ppb; in some embodiments, from about 0.1

ppb to about 25 ppb; or in some embodiments from about 0.1 ppb to about 20 ppb; in some

embodiments, from about 0.1 ppb to about 15 ppb; in some embodiments, from about 0.1

ppb to about 10 ppb; or in some embodiments, from about 0.1 ppb to about 5.0 ppb, when

measured at any time [rom the day of manufacture throughits shelf-life of 6 months, or 12

months, or 18 months, or 24 months, when stored under Room Temperature Conditions.

In some embodiments, the Arsenic, Mercury, Lead and other elements may be

extracted from the container or from the stopper. In one specific embodiment, the extracted

out amount of Arsenic, Mercury, Lead, and Nickel combined from the stopper is 100 ppb

or less. In other embodiments, the extracted amount of Arsenic, Mercury, Lead, and Nickel

combined from the stopperis from about 10 to about 50 or from about 10 to about 100 ppb.

It should be recognized that in some instances the amount of a specific clement

present in the L-Cysteine compositions described herein may be below the Limit of

Quantitation (LOQ). In those instances, for purposes of this disclosure and claims made

herein, the compositions may be considered to contain the lowest level described in the

preceding paragraphs. For example, when Arsenic is determined to be below the LOQ,the

Arsenic amount may be considered to be at 0.1 ppb. Therefore, all such instances where

the compositions show amounts below the LOQ are within the contemplation of this

disclosure.

In certain embodiments, the compositions further comprise within the container,

headspace gas that includes oxygen in an amountof from about 0.5% v/v to about 5.0 %

v/v, or from about 0.5% v/v to about 4.0% v/v, or from about 0.5% v/v to about 3.5% v/v,

from about 0.5% v/v to about 3.0 % v/v, or from about 0.5% v/v to about 2.5% v/v, or

from about 0.5% v/v to about 2.0 % v/v, or from about 0.5% v/v to about 1.5% v/v,or from

about 0.5% v/v to about 1.0 % v/v, or in some cases from about 0.1% v/v to about 0.5%

v/v, or from about 0.1% v/v to about 0.4% v/v, or from about 0.1% v/v to about 0.3% v/v,

or from about 0.1% v/v to about 0.2% v/v. For the sake ofclarity and the ease of discussion

and measurement, these values are taken for the L-Cysteine composition at the time of its
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manufacture (“tine zero” data point), or during and up to 1 month from time zero.

Additional time points beyond the 1-month from time zero data point may provide similar

headspace oxygen levels.

Without wishing to be bound by theory, the dissolved oxygen levels and the head

space oxygen levels within a scaled container of L-Cystcine compositions described herein

may reach an equilibrium at some time point duringits shelf-life. Such equilibrium may be

maintained for a very short time, i.e., for a few seconds, or for a very long time, i.e., for

several months. Such equilibrium may on occasion be disturbed by simple agitation.

Therefore, it should be recognized that dissolved oxygen levels and headspace oxygen

levels may fluctuate from one time point to anotherin terms of absolute numbers. However,

the numbers are expected to stay within the ranges disclosed herein. Occasionally, one

number(e.g., dissolved oxygen) may exceed or fall out of a certain range (e.g., from about

05 to about 3.0 PPM) at a 15-day time point, but mayfall within that range at some other

lime point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges,

subranges, and specific data points disclosed and discussed herein are valid and suitable

for time points beyond the time zero and 1-monthtimepoints. In one aspect, the time points

could be extended to 2-months, 3-months, 6-months, 9-months, 12-months, 15-months, 18-

months, and 24 months.

In some aspects, the total amount of oxygen in the sealed container may be an

appropriate measure to evaluate the stability of the L-Cysteine compositions herein. For

example, the total amount of oxygen within the container may be arrived at by adding up

the amountof dissolved oxygen in the carrier and the amountof head space oxygen. These

values can also be expressed independently in separate units (i.e., dissolved oxygen as ppm

and head space oxygen as % v/v). An example would be an L-Cysteine composition that

contains a dissolved oxygen level of from about 0.1 ppm to 4.0 ppm and a head space

oxygen level of about 0.5% v/v to about 4.0% v/v.

The amount of oxygen present in the headspaceof the container can be controlled

by filling the headspace with an inert gas, such as nitrogen or argon. Alternatively, the

head space oxygen may be controlled by vacuum operation without using an inert gas. Tn
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another aspect, the head space oxygen may be controlled by a combination of vacuum

operation and inert gas overlay. In one particular aspect, the head space oxygen is

controlled by repeated pulses of vacuum and inert gas overlay in tandem suchthat the

process maystart first with vacuum operation followed by inert gas overlay followed by

vacuum operation. The combination of vacuum operation and inert gas overlay (or inert

gas overlay and vacuum operation) is considered one pulse when both steps are used

together. A typical head space control operation may comprise from one to eight pulses.

Typically, there could be two, three, four, or five pulses. Each pulse could last from about

one tenth of one second to five secondsor from five to fifteen seconds when conducted by

automated high-speed cquipment custom designed for this specific purpose. In some

embodiments, the pulse may last from about 0.1 to about 2.0 seconds. In some

embodiments, the pulse may last from about 0.1 Lo about 1.0 seconds, or from about 0.1 to

about 0.4 seconds. When done using manual methods, each pulse could take up to 30-60

seconds or longer. Such a manual process is described in more detail in Examples | and

4, Alternatively, a more automated process that was developed by the current inventors is

described in Example 5.

In certain embodiments, the compositions are part of a total parenteral nutrition

regimen. The L-cystcine compositions described herein can be admixed with aminoacid

solutions, such as crystalline amino acid injection, for example, commercially available

TRAVASOL® and TRAVASOLE®.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about L000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cystcine described herein; and an amino acid composition that is

essentially free of L-Cysteine comprising one or more aminoacids selected from the group

consisting of: leucine, isoleucme, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain embodiments, the subject matter described herein is directed to a stable

TPN composition for infusion, comprising:

L-cysteine or a pharmaccutically acceptable salt thereof and/or hydrate thereof;
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Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-cysteine;

pytuvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

one or more aminoacids selected from the group consisting of: leucine, isoleucine,

lysme, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine;

a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are from about 100 mL to about 1,000 mL andthe total

aluminum delivered by the said composition docs not exceed about 4-5 meg/kg/day. In

certain embodiments, the amounts include 150 mL, 200 mL, 250 mL, 300 mL, 350 mL,

400 mL, 450 mL, 500 mL, 550 mL, 600 mL, 650 mL, 700 mL, 750 mL, 800 mL, 850 mL,

900 mL and 950 mL.

In certain embodiments, the stable composition for infusion comprises one or more

amino acids selected from the group consisting of leucine, isoleucine, lysine, valine,

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine,

proline, serine, and tyrosine. In certain embodiments, the composition includesall ofthese.

In certain embodiments, 500 mg of L-Cystcine is admixed with 12.5 gram ofcrystalline

amino acid injection, such as that present in 250 mL of 5% crystalline amino acid injection.

In someaspects, 15 mg of L-Cysteine is admixed with one gram of amino acids. In some

other aspect, 40 mg of L-Cysteine is admixed with one gram of amino acids. Depending

on the needs of the subject, based on specific characteristics such as age, weight, and

physiological factors such as renal function, the dose may be adjusted at or within these

ranges of 15-40 mg of L-Cystcine per gram of amino acids. Sec, for example, Tables 1-2

above. Thus, the pharmaceutical compositions comprising L-Cysteine can be formulated,

dosed and administered in a fashion, i.e., amounts, concentrations, schedules, course, and

vehicles, consistent with good medical practice. The “therapeutically and nutritionally

effective amount” of the compound to be administered will be governed by such

considerations.
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In certain embodiments, the compositions are essentially free of supplementary

antioxidant. As used herein, this refers to the absence of any substancethat is added to the

compositions specifically as an antioxidant. Naturally occurring antioxidants maystill be

present.

In certain embodiments, the compositions that comprise once or more of the above

amino acids are essentially free of dextrose. However, in certain embodiments, the

compositions that comprise one or more of the above amino acids further comprise a sugar.

In certain embodiments, the pH of the compositions is about 1.0 to about 2.5, or

about 1.6 to about 2.0, or about 1.6, or about 1.7, or about 1.8, or about 1.9 or about 2.0.

For administration, the pH is generally adjusted by admixing with other components to a

pH of about 6.0 to about 8.0, but generally around 7.0. In certain embodiments, the

compositions are essentially free of a buffer. In certain embodiments, the compositions

further comprise a buffer.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection that can be useful for treatment of a varicty of

conditions, such as those described above.In further detail, L-cysteine can be administered

in a variety of forms, such as the {ree base, L-cysteme hydrochloride, a pharmacculically

acceptable salt thereof (e.g. sodiumsalt, calciumsalt, etc.), a hydrate thereof, the like, or a

combination thereof. In some specific examples, L-cysteine can be included in the L-

cysteine composition for injection as L-cysteine hydrochloride monohydrate.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection, comprising:

about 34.5 mg/mL of L-cysteine free base, or a pharmaccutically acceptable salt

thereof and/or hydrate thereof;

Aluminum in an amount of 130 ppb or below;

water;

wherein the composition is enclosed in a single-use container having a volume of

from 10 mL to 100 mL, and is stable for 9 monthsorless.
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In certain embodiments, the stable, safe L-cysteine composition can consist

essentially of L-cysteine, water, Aluminum in an amountof less than 200 ppb, cystine in

an amount from about 0.001 wt% to about 2 wt% relative to L-cysteine, pyruvic acid in an

amount from about 0.001 wt% to about 2 wt% to L-cysteine, headspace oxygenthatis less

than 4.0% and dissolved oxygen from about 0.1 ppm to about 1 ppm. Other trace

components or excipients do not materially affect the basic and novel characteristics of

composition unless otherwise indicated, for example, undesirable anions and heavy metals.

The pharmaceutical composition (or formulation) for application may be packaged

in a variety of ways depending upon the method used for administering the drug.

Generally, an article for distribution includes a container having deposited therein the

pharmaceutical formulation in an appropriate form. The container may also include a

tamper-proof assemblage to prevent indiscreet access to the contents of the package. In

addition, the container has deposited thereon a label that describes the contents of the

container. The label may also include appropriate warnings, more specifically about the

Aluminum content of the L-Cysteine composition. For example, the label may indicate that

the Aluminum in the container may be at 100 ppb or 100 mcg/L. In another embodiment,

the label may indicate that the Aluminum in the container may be at 120 ppb or 120 mcg/L.

In some specific embodiments, the Aluminum level may be described as not more than 120

ppb, or not more than 120 mcg/L, or NMT 120 ppb, or NMT 120 mcg/L.In addition to the

label, the labeling associated with the L-Cysteine product may have the same descripiion

of Aluminum.

It should be understood that, as is customary in the pharmaceuticalarts, the phrases

“NMT”or “not more than” represents the upperlimit, but also is understood not to mean

that the value is zero or even can be zero. For example, a statement that the Aluminum

levels are NMT 120 ppbis not understood by the practitioners in the art that the Aluminum

levels are at zero ppb in that particular vial bearing that label. Pharmacists and other health

care professionals instead would interpret for purposes of calculating the Aluminum

content of a TPN preparation using that specific L-Cysteine vial that the Aluminum levels

are at 120 ppb so that, even if the actual amount is lower than the 120 ppb in the product,

they err on the conservative side. This is the custom in the pharmaceutical industry
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developed and practiced to safeguard the health of patients. If indeed the label is intended

to convey with certainty that the actual Aluminum levelis zero ppb, the label then would

state that fact or indicate that the productis free of Aluminum.

Similarly, any numerical value expressed as “less than” is intended to convey that

the valuc is below that certain numerical valuc, including, as the case may be zero. For

example, when it is stated herein that Aluminum levels are less than about 20 ppb,it is

understood that in some embodiments the Aluminum can be, but not necessarily in all

cases, anywhere from zero to about 19 ppb.It is also understood that this may, but not

necessarily in all cases, encompass those situations where the levels are below quantitation

limit, but the presence of Aluminum is detectable. In those cases where the Aluminum (or

any other measured material generally) where the material is detectable but is below the

level of quantitation, that numerical value can be considered for example as being about

1.0 (for Aluminum)or 0.001 (for Cystine or Pyruvic acid), or 1.0 ppb (for elements) or 1.0

ppm (for iodide or fluoride). Unless an actual analysis is made ofthe product and a specilic

number is determined, there is no certainty of the actual value. The US FDA doesnot

require this precision in the labeling on a product-by-product or even batch-by-batch

because that is impracticable in a commercial supply chain setting for drug products.

Thus, the phrases “NMT”or “not more than”or “less than” are terms ofart in the

pharmaceutical industry. Those in the industry do not assume these terms necessarily

represent zero in all cases, even though that is a possibility. When calculating the

Aluminum amounts for purposes of preparing parenteral nutrition products the artisan

never assumes the Aluminum levels are zero in order to safeguard the patient health.

Accordingly, this present disclosure and the claims derived therefrom are to be read and

understoodin light of this custom andpractice in the art.

As mentioned above, the L-cysteine compositions for infusion may optionally be

mixed with pharmaceutically acceptable excipients, also described in Remington’s

Pharmaceutical Sciences (1980) 16" edition, Osol, A. Ed., Mack Publishing Co., Easton,

PA.

As noted above,the diluted L-cysteine composition for infusion can typically have
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a pH of from about 5.0 to about 8.0, or from about 6.0 to about 7.0. However, dilution and

administration of the L-cysteine composition for infusion will typically be overseen by a

licensed medical professional, who may recommend a pH outside of the ranges recited

herein under certain circumstances. Additionally, the diluted L-cysteine composition for

infusion can typically have a tonicity of from about 250 milliosmoles/liter (mOsmol/L) to

about 1,000 mOsmol/L, or more, or of from about 350 mOsmol/L to about 475 mOsmol/L.

However, dilution and administration of the L-cysteine composition for infusion will

typically be overseen by a licensed medical professional, who may recommenda tonicity

outside of the ranges recited herein under certain circumstances.

TIL. Methods

The subject matter described herein is directed to methods of treating a subject

having an adverse health condition that is responsive to L-cysteine administration. The

methods can include diluting the stable L-cysteine composition described herein with an

intravenousfluid to prepare a diluted L-cysteine composition for infusion. The methods

can further include parenterally administering the diluted L-cysteine composition to

provide a therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the subject matter described herein is directed to a method

ofreducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amountfrom about 1.0 parts per billion (ppb) to about 250 ppb or

from about 10 ppb to about 80 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;
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with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion of about 100 mL to about 1000 mL,

wherein the Aluminum provided in said parenteral nutrition regimenis from about

1-2 to about 4-5 micrograms/kg/day.

In certain aspects, the compositions and methods described herein are directed to

methods of administering L-Cysteine together with a composition for parenteral nutrition,

comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a neonatal

weighing less than 2 kilos. In another aspect, the subject is a pediatric patient that is from

about 0.2 kilos to about 20 kilos. In another aspect, the subject is an adult requiring

parenteral nutrition.

In certain embodiments, the subject matter described herein is directed to a method

of reducing Aluminum administration from a parenteral nutrition regimen comprising L-

cysteine, comprising:

administering to a subject a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof;

Aluminum in an amount from about 10.0 parts per billion (ppb) to about 250 ppb,

or from about 10 ppb to about 80 ppb;

cystine in an amountfrom about 0.01 wt% to about 2.0 wt% relative to L-cysteine;

pyruvic acid in an amount from about 0.01 wt% to about 2.0 wt% relative to L-

cysteine;

one or more amino acids selected {rom the group consisting of: leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine,
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a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are about 100 mL to about 1,000 mL,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine and Aluminum

at a range of from about 900 ppb to about 5,000 ppb.

In certain embodiments, the methods provide that the reduction in the amount of

Aluminum administered is relative to the amount of Aluminum in a L-cysteine injection

composition having more than 500 ppb Aluminum, or more than 250 ppb Aluminum. The

relative reduction in Aluminum canbe up to 90%, up to 80%,up to 70%, up to 60%, up to

50%, up to 40%, up to 30%, up to 20%, up to 10%, or up to 5%, as compared to the amount

of Aluminum administered with a L-cysteine composition having more than 500 ppb

Aluminum, or more than 250 ppb Aluminum. In certain embodiments, the reduction

occurs over the span of a day, a week, a month or the duration of the TPN regimen.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the method of treating a subject having an adverse health

condition that is responsive to L-cysteine administration further comprises, before the

diluting step, admixing the stable L-cysteine composition with an amino acid solution, such

as, crystalline amino acid injection. In this aspect, the methods comprise diluting with an

intravenousfluid the stable L-cysteine composition admixed with an aminoacid solution,

wherein the fluid comprises dextrose.

In certain embodiments, the adverse health condition is the lack of a necessary

enzyme in the trans-sulfuration pathway that converts methionine to L-cysteine. Other

48

NexusEx. 1024

Page 51 of 466



Nexus Ex. 1024 
Page 52 of 466

10

15

20

25

Atty. Ref. No. 066859/509450

adverse health conditions include inadequate absorption resulting from short bowel

syndrome; gastrointestinal fistula; bowel obstruction; prolonged bowel rest; severe

malnutrition; significant weight loss and/or hypoproteinaemia whenenteral therapy is not

possible; other disease states or conditions in which oral or enteral feeding are not an

option.

For most preterm infants, the administration should be considered as a short-term

bridge to provide nutritional support until full enteral nutrition can be provided. Such

instances include: Immediately after birth, to provide essential nutrition as enteral feeds are

commenced and advanced, and/or during periods of acute gastrointestinal malfunction(eg,

due to septic ileus or necrotizing enterocolitis).

In certain embodiments, the administering is a single daily dose, or multiple daily

doses, or is administered in accordance with a TPN regimen, for example, the dosing can

be over a day, several days, a weck or several weeks, a month or several months.

In certain embodiments, the subject is an infant or pre-term infant from newborn

until about 6 months of age. As presented in Tables 1 and 2 above, the subjects can be

from a pre-term infant to an adult that is in need of L-Cysteine supplementation. Thus, the

subject can be a subject “in need of” the methods of described herein, for example, in need

of the therapeutic effects or prophylactic benefits of the methods. In certain embodiments,

the subject is a subject in need of a total parenteral nutrition (TPN) regimen.

In certain embodiments, the intravenousfluid is selected from the group consisting

of isotonic saline, glucose solution, glucose saline, dextrose solution, crystalline amino

acid solution, lipids, and combinationsthereof.

In certain embodiments, the L-cysteine is L-cysteine hydrochloride monohydrate.

In certain embodiments, the diluted L-cysteine compositionfor infusion is typically

administered via intravenous infusion. The selection of administration rate and site of

infusion (i.c., via a peripheral or central vein) are within the ordinary skill in the art of

medicine, pharmaceutical, nursing, and nutritional sciences.

The diluted L-cystcine composition for infusion can be administered until a
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therapeutically effective dose is achieved. In some examples, a therapeutically effective

dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof can

be from about 0.01 mg to about 2.0 mg L-cysteine. Again, therapeutically effective doses

can depend on whether the patient is a pediatric patient or an adult patient. For example,

for preterm or term infants less than 1 month of age, the therapeutically effective dose is

about 45 to 60 mcg/kg/day. For pediatric patients 1 month to less than 1 year ofage, the

therapeutically effective dose is 30 to 45 mcg/kg/day. For pediatric patients 1 year to 11

years of age, the therapeutically effective dose is about 15 to 30 mcg/kg/day. For pediatric

patients 12 years to 17 years of age, the therapeutically effective dose is about 4 to 7.5

meg/kg/day. For adults, ic., stable patients, the therapcutically effective dose is 4 to 5

meg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10

meg/kg/day.

The number of doses given daily can vary as desired or needed per the

therapeutically effective dosing regimen. In some examples, the therapeutically effective

dosing regimen can include daily administration of the diluted L-cysteine composition. In

other examples, the therapeutically effective dosing regimen can include twice-daily

administration of the diluted L-cysteine composition. In some further examples, the

therapeutically effective dosing regimen can provide Iess than or cqual to 5 ug/kg/d of

Aluminum. In still further examples, the therapeutically effective dosing regimen can

provide less than or equal to 4 ug/kg/d of Aluminum,orless than or equal to 3 ug/kg/d of

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum

from the composition of from about 2 ug/kg/d to not more than 5 ug/kg/d.

The diluted L-cysteine composition for infusion can be administered for the

treatment of a numberof conditions. For example, L-cysteine can be administered to meet

the intravenous amino acid nutritional requirements of individuals (e.g. infants) receiving

total parenteral nutrition. As such, in some examples, the subject can be a subject in need

of total parenteral nutrition (TPN). In some additional examples, L-cysteine can be

administered for the treatment of osteoarthrilis, rheumatoid arthrilis, angina, chronic

bronchitis, chronic obstructive pulmonary disease (COPD), influenza, acute respiratory

distress syndrome (ARDS), diabetes (e.g. type 2 diabetes), the like, or a combination
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thereof.

In certain embodiments, the subject matter described herein is directed to methods

of preparing a composition, comprising:

Stirring Waterfor Injection, USP (WFI) in a vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NLT about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowing to stand;

Filling said mixed liquid into individual single use containers;

Reducing head space oxygen to about 5.0% to 0.5% and sealing said containers

wherein the dissolved oxygenin the container is about 0.1 ppm to about 5 ppm.

The subject matter described herein includes, but is not limited to, the following

specific embodiments:

1. A stable L-cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (AJ) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pytuvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cystcinc;
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a pharmaceutically acceptable carrier, comprising water;

headspace O2that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 3 ppm from the time of manufacture to about 1 month from

manufacture when stored al room temperature,

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

2. The composition of embodiment 1, wherein the composition is essentially free of

an antioxidant.

3. The composition of embodiment 1 or 2, wherein said Aluminum is present in an

amount [rom about 1.0 ppb to about 200 ppb.

4, The composition of embodiment 1, 2 or 3, wherein said Aluminumis present in an

amount from about 1.0 ppb to about 180 ppb.

5. The composition of embodiment1, 2, 3 or 4, wherein said Aluminum is present in

an amount from about 1.0 ppb to about 170 ppb.

6. The composition of embodiment 1, 2, 3, or 5, wherein said Aluminumis present in

an amount from about 1.0 ppb to about 160 ppb.

7. The composition of embodiment1, 2, 3, 4, 5 or 6, wherein said Aluminumis present

in an amount from about 1.0 ppb to about 150 ppb.

8. The composition of embodiment 1, 2, 3, 4, 5, 6 or 7, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 130 ppb.

9. The composition of embodiment 1, 2, 3, 4, 5, 6, 7 or 8, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 100 ppb.

10. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 50 ppb.

11. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 20 ppb or from about 1.0

ppb to about 10 ppb.
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12. The composition of embodiment1, 2,3, 4, 5, 6, 7, 8, 9, 10 or 11, further comprising

one or more heavy metals selected from the group consisting of Lead (in an amount of

from about 1 ppb to about 10 ppb), Nickel (in an amountof from about 5 ppb to about 40

ppb), Arsenic (in an amount of from about 0.1 ppb to about 10 ppb), and Mercury (in an

amount of from about 0.2 ppb to about 5.0 ppb).

13. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, wherein said

heavy metals are present in total in an amount from about 2.0 ppb to about 8.0 ppb.

14. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13, further

comprising iodide and fluoride, each present in an amount from about 0.1 ppm to about 20

ppm.

15. The composition of embodiment 14, wherein said ions are present in total an

amount [rom about 2.8 ppm to about 5.8 ppm.

16. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15,

whereinsaid dissolved oxygenis present in an amount from about 0.1 ppm to about 5 ppm.

17. The composition of embodiment1, 2, 3, 4,5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15 or 16,

whercin said dissolved oxygenis present in an amount from about 0.1 ppm to about 3 ppm.

18. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16

or 17, wherein said dissolved oxygen is present in an amountfrom about 0.10 ppm to about

2.0 ppm.

19, The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17 or 18, wherein said dissolved oxygen is present in an amount from about 0.1 ppm to

about 1.0 ppm.

20. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18 or 19, wherein the composition has been stored at room temperature.

21. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19 or 20, wherein the storage is for 1 year orless.

22. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20 or 21, wherein the storage is for about 9 months.

23. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21 or 22, wherein L-cysteine or a pharmaceutically acceptable salt thereof
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and/or hydrate thereof is present in the composition in an amount from about 20 mg/mL to

about 70 mg/mL.

24. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22 or 23, wherein L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof is present in the composition in an amount of about 50

mg/mL.

25. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23 or 24, wherein the containeris an internally coated glass container.

26. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24 or 25, whercin said internally coated glass container is coated

with SiO2.

27. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25 or 26, essentially free of cystine precipitate.

28. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27, wherein said L-cysteine is present in an amount

of about 37.5 mg/mL as free base, or a pharmaccutically acceptable salt thereof and/or

hydrate thereof.

29. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminumis present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 3 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about1. 0 ppb to about 20 ppb of Aluminum from the water.

30. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 6 monthsorless, said Aluminum comprising, from about 0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum
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from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 0 ppb to about 20 ppb of Aluminum from the water.

31. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 9 monthsorless, said Aluminum comprising, [rom about 1.0 ppb to about 100

ppb of Aluminum fromthe container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

32. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb alter storage al ambient temperature for

a period of 12 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

33. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 2 wt% relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

34. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 1 wt% relative to L-cysteine after storage at ambient

temperature for a period of 9 months orless.

35. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 0.5 wt% relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

36. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition
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in an amountof about 0.3 wt% relative to L-cysteine after storage at ambient temperature

for a period of 9 about months.

37. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 2 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

38. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 1 wt% relative to L-cysteine after storage at

ambicnt temperature for a period of 9 monthsorless.

39. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.5 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

AQ, The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, whercin pyruvic acid is present in the

composition in an amount not more than 0.3 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

Al, The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.2 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

42. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.1 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

43. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 1.0%.
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44, The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.9%.

45, The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.8%.

46, The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.6%.

47. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.4%.

A8, The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.2%.

49. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the pH of the composition is about

1.6 to about 2.0.

50. A stable composition from about 100 mL to about 1000 mL for administration via

a parenteral infusion within about 24 to about 48 hours of admixture, comprising a mixture

of a composition of L-Cysteine of embodiments 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

39, 40, 41, 42, 43, 44, 45, 46, 47, 48 or 49; and an amino acid composition that is essentially

free of L-Cysteme comprising one or more amino acids selected from the group consisting

of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine,

tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

51. The stable composition for infusion of embodiment 50, wherein the composition of

L-Cysteine is the composition of embodiment 1, 12 or 28.

52. The stable composition for injection of embodiment 50 or 51, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 100 ppb.
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53. The stable composition for injection of embodiment 50, 51 or 52, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 50.0 ppb.

54. The stable composition for injection of embodiment 50, 51, 52 or 53, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 30.0 ppb.

55. The stable composition for injection of embodiment 50, 51, 52, 53 or 54, further

comprising a sugar.

56. The stable composition for injection of embodiment 50, 51, 52, 53, 54 or 55,

wherein the sugar is dextrose.

57. A method of reducing Aluminum administration from a parenteral nutrition

regimen comprising L-cystcine, comprising:

administering to a subject a composition of embodiment 50, 51, 52, 53, 54,

55 or 56,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine.

58. The method of embodiment 57, wherein the Aluminum is reduced by about 5%, or

about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or about 35%, or

about 40%, or about 45%, or about 50%, or about 55%, or about 60%, or about 65%, or

about 70%, or about 75%, or about 80%,or about 85%, or about 90%, or about 95%.

59. A method of reducing Aluminum administration from a total parenteral nutrition

regimen comprising L-cysteine, the method comprising, mixing a composition comprising

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,
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to form a composition for infusion having a volume of about 100 mL to about 1000 mL,

wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to

about 4-5 micrograms/kg/day.

60. A methodoftreating a subject having an adverse health conditionthat is responsive

to L-cysteine administration, comprising:

diluting a stable L-cysteine composition of embodiments 50, 51, 52, 53, 54, 55 or

56, with an intravenousfluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapcutically effective dosing regimen.

61. The method of embodiment 57, 58, 59, or 61, wherein said administering is from

30 minutes to about 24-48 hrs.

62. The method of embodiment 61, wherein the amount of Aluminum in the

composition results in a daily dosage of Aluminum from about 1 mcg/kg/day to about 4

meg/kg/day, or about 2 mcg/kg/day to about 4 mcg/kg/day, or about 1 mcg/kg/day to about

5 meg/kg/day, or about 2 mcg/kg/day to about 5 mcg/kg/day.

63. The method of embodiment 61 or 62, wherein the intravenous fluid is a member

selected from the group consisting of: isotonic saline, glucose solution, glucose saline,

dextrose solution, crystalline amino acid solution, and combinations thereof.

64. The method of embodiment 61, 62 or 63, wherein administering is performed via

intravenousinfusion.

65. The method of embodiment 61, 62, 63, or 64, wherein L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof is administered at a rate of

from about 1 mL/min to about 10 ml/min.

66. The method of embodiment 61, 62, 63, 64 or 65, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount from about 50 mg to about 1200 mg.

67. The method of embodiment 61, 62, 63, 64, 65 or 66, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount of about 100-500 mg.
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68. The method of embodiment 61, 62, 63, 64, 65, 66 or 67, wherein the L-cysteine is

L-cysteine hydrochloride monohydrate.

69. The method of embodiment 61, 62, 63, 64, 65, 66, 67 or 68, wherein the subjectis

a subject in need oftotal parenteral nutrition (TPN).

70. The method of embodiment 61, 62, 63, 64, 65, 66, 67, 68 or 69, wherein the subject

is an infant having an age of 6 monthsorless.

71. The method of embodiment 61, 62, 63, 64, 65, 66, 67, 68, 69, 70 or 71, wherein the

therapeutically effective dosing regimen is a total parenteral nutrition (TPN) dosing

regimen.

72. A method of preparing the composition of any above embodiment, comprising

stirring Water for Injection, USP (WFDina vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NTL about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowing to stand; and

Performing Head Space oxygen Reduction after filling, wherein the dissolved

oxygen is about 0.1 ppm to about 5 ppm.

With this in mind, the following cxamples are intended to iNustrate, but not limit,

various aspects of the compositions and methods described herein.
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Examples

Example 1

Compounding L-Cysteine Hydrochloride Injection, USP, 50 mg/mL, 10 mL Vial

Compounding was initiated with the addition of 40 + 1.0 kg of Water for Injection,

USP (WEDwasadded to the Xcellerex Mixing System via an addition funnel. A target

water temperature of NMT 60°C was maintained throughout WFI addition using a heat

exchanger. With continuous mixing at a speed of 126 rpm, Argon overlaying of the WFI

began in the mixing bag and continued until the dissolved oxygen was NMT 1 ppm; then

the mixing bag was allowed to cool to a temperature of NMT 30°C.

With continuous mixing and Argon overlaying, the L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) was added directly into the vortex of the mixing bag.

The mixing continued for NLT 15 minutes or until complete dissolution was observed.

The dissolved oxygen content was measured and recorded prior to the addilion of L-

Cysteine, immediately following the addition of L-Cysteine, and following the NLT 15-

minute mixing period. With continuous mixing and Argon overlaying, the temperature,

pH and dissolved oxygen of the solution was measured and recorded. Argon overlaying

continucs until the dissolved oxygen was NMT1 ppm.

With continuous mixing and Argon overlaying, the solution’s pH was adjusted to a

target of 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0 N Sodium Hydroxide,

NF. Following pH adjustment, the solution was allowed to mix for a minimum of 10

minutes, and then the pH wasverified and adjusted as needed with the Hydrochloric

Acid, NF and/or N Sodium Hydroxide, NF. Then,the solution’s weight, adjusted pH and

dissolved oxygen was measured and recorded.

With continuous mixing and Argon overlaying, the solution was q.s.’d with the

WEIto a final weight of 50.6 kg and allowed to mix for approximately 10 minutes. The

final solution weight, solution temperature, solution pH, and dissolved oxygen was then

measured and recorded. Following these steps, the mixing bag wasfully inflated with
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Argon and capped, and the solution was transferred from the mixing bag to the solution

holding bag.

Example 2

L-Cysteine Injection in High Quality Glass Vials

5 L-Cysteine injection was compounded as per Example 1. The bulk solution was

filled then using high quality glass vials (10 mL) from Schott. These vials are known as

Schott Type 1 USP glass. The glass was a standard glass of pharmaceutical quality but

was uncoated. The product was put on stability and was monitored for impurilies,

particulates, and Aluminum. The product was quite stable forall the time points tested up

10 to 12 months. There were no unacceptable particulate counts.

However,as the data show, the product resulted in an unacceptably high aluminum

content. The data for aluminumlevels are shown below.

Table 6. Aluminum Levels

6 Months

Lot # Release 25°C/60% RH 40°C/75% RH

XMHH1609 569 ppb 1.306 ppb

XMHH1611 230 ppb 726 ppb 1,044 ppb

 
 

15 Example 3

L-Cysteine Injection in Plastic Vials

L-Cystcine injection was compounded as per Example 1. The bulk solution was

filled then using plastic vials obtained from Medicopak, Inc. These vials are made of cyclic

olefin copolymer (COC). The product was put on stability and was monitored for

20 impurities, particulates, and Aluminum. The product was not stable beyond 1 month at

62

NexusEx. 1024

Page 65 of 466



Nexus Ex. 1024 
Page 66 of 466

10

15

Atty. Ref. No. 066859/509450

accelerated storage conditions and failed at room temperature conditions by the third month

data point.

Table 7. Particulate levels

 

   
Lot Number/Vial Release 1 Month / 3 Month /

40°C/75 % RH* 25°C/60% RH*

XMHG1700/ 10 mL COC|Passing Failed Visual, Failed Visual,
vial particulates particulates
XMHG1701/ 10 mL COC|Passing Failed Visual. Failed Visual.
vial particulates particulates
XMHG1702/ 10 mL COC|Passing Failed Visual, Failed Visual,
vial particulates particulates

  
 

However, the product showed acceptable aluminum content. The data for aluminum levels

are shown bclow.

Table 8. Aluminum Levels

 

Time Point Lot XMHG 1700|Lot XMHG1701|Lot XMHG 1702

 

Aluminumat additional time points was not measured because the product was abandoned

due to unacceptably highparticulate count.

Example 4

Headspace Reduction and Argon Overlay

Data from Example 3 show that plastic vials do not provide the desired purity and

stability of a L-cysteine composition for injection. This study was to evaluate the

parameters to determine headspace oxygen reduction conditions. The product was

manufactured as per Example 1. The drug product was overlaid with Argon until the
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dissolved oxygen levels were no more than (NMT) | part per million (PPM). Vials were

filled and placed in the VirTis Benchmark Lyophilizer, OP4159, for Head Space reduction.

In addition, empty vials were also placed into the lyo for Head Space reduction as part of

the study.

Multiple points were monitored during the manufacturing process as part of the

study including the following: 1) Compounding; 2) Pre-Filling; 3) Filling; 4) Post Filling;

and 5) Head Space Reduction (HSR). The monitoring involved taking dissolved oxygen

(DO) measurements on drug productfor filled vials throughout the manufacturing process

and performing Head Space Gas Analysis on drug product for both filled and emply vials

post head space reduction. Additionally, fill hold samples representing the maximum

exposure during the filling step were analyzed for the dissolved oxygen and Head Space

Oxygen Analysis.

The sampling and testing that was performed per the study is shown in Table 9.

Samples were collected throughout the manufacturing process to determine the impact of

critical process parameters on its predeterminedcritical quality attribute.

Table 9: Sampling and Testing Methodology

 

Operation Sample Testing Acceptance
P Location/Quantity Requirements Criteria

The bulk solution was mixed under

Argon overlaying. Measure and record
final solution weight, solution .: . . Dissolved

. temperature, solution pH, and dissolved Dissolved ;Compounding Oxygen <1
oxygen. Oxygen ppm

Measure and record the final dissolved

oxygen.

For Load A [Trays 1 - 4, 17 — 20] use

forceps to remove four (4)filled vials Dissolved
ns from eachtray as it is filled Lully seat Dissolved y

Villing - ~ . . Oxygen
the stoppers of the removedfilled vials Oxygen _
: : =Report Value
immediately after removal and then
label vials appropriatcly
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As Tray 1 is loaded into the Lyo, using
forceps, carefully remove 20 vials from
the appropriate locations. Do not fully
stopper the vials. Mark the vials “Fill
Hold”

Similarly, after Tray 21 has been
completelyfilled and is being placed

Atty. Ref. No. 066859/509450

 

   
Filling into the cart, use forceps to remove Dissolved assolved
Hold twenty (20) filled vials from the Oxygen Xygen

: =Report Valueappropriate

As Tray 21 is being loaded into the
Lyophilizer for Head Space Reduction,
use forceps to remove two (2) ofthe
vials marked “Fill Hold’, fully scat the
stoppersof the vials, and label
appropriately.

For Trays 1 — 4, 17 — 20, 21 — 24, and

37 — 40, use forceps to remove two (2) Dissolved Dissolved
Lyo Loading|filled vials, as each tray is loaded into Oxygen Oxygen

the Lyo, fully seat the stoppers of the ye =Report Value
vials, and label appropriately

Following headspace reduction and
immediately prior to loading each tray . Dissolved
into the RAB for capping, usc forceps to Dissolved Oxygen
removefour(4)filled vials from each Oxygen =Report Value
tray. Place a mark on each ofthe

Capping removed vials for identification
purposes and place the marked vials
back into the tray. Load the tray into the Head Space|Head SpaceGas
RAB for capping. Following the Gas Analysis Analysis

. ae ; =Report Value
capping of each tray, remove the
marked vials from the tray and label
appropriately.

Dissolved

Following headspace reduction and Dissolved _ Oxygen
Capping capping, removethe eighteen (18) vials xygen =Report Value
Fill Hold marked “Fill Hold” from Tray 21 for Head Space Gas

: Head Space :
testing. Gas Analysis Analysis

=Report Value
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The data collected are as follows: Dissolved oxygen; Comparison of dissolved

oxygen levels per tray at various stages of the manufacturing process; Filled vials head

space oxygen; Held vials dissolved oxygen (ppm) and head space oxygen content (%);

Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space Oxygen

Content (%).

Dissolved oxygen data at various stages of the manufacturing process are shown in

Table 10. A two (2) hour delay in the DO testing for the Post Filling - Pre HSR samples

(Tray 1 — 4; tested using gas calibration) exhibited an average value of 11.77 ppm, an

increase of 6.65 ppm [rom the average of 5.12 ppm measured live imeafter filling using

the liquid calibration. Furthermore, the samples tested live time but using the gas

calibration (Tray 17 — 20) exhibited an average value of 6.41 ppm, an increase of 1.29 ppm

from the average of 5.12 ppm measuredafter filling using the liquid calibration. Starting

Tray 21 of the Post Filling — Pre HSRstep, the calibration was corrected to a liquid

calibration. Comparison of dissolved oxygenlevels at various stages of the manufacturing

process is provided in Figures 1 and 2.

Table 10. Dissolved Oxygen Levels.

Post Filling -Pre HSR Post Filling - During Post HSR -Capping- Filled
(ppm) Loading of Lyo (ppm) Vials (ppm)

Tray Number

 
4 12.441 10.370 0.409

 
20 6.343 9.720 0.495

 
24 7.073 9.844 0.541

 
40 5.173 9.577 0.369

 
STD 1.03 0.39 O.11
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Table 11. Filled Vials Head Space Oxygen.

Post HSR -Capping- Filled Vials Post Capping - Empty Vials
(% Oxygen) (% Oxygen)Tray Number

 
4 0.950 1.139

 
38 0.871 1.151

 
40 0.889 1.042

 
Table 12. Held vials dissolved oxygen (ppm) and head space oxygencontent (%).

 

Thissolred Goycen Ohesohad Oxecen Hoes Space Oeycen 8s
Bust Filine -Loading af Post HER -Cangine- Post HER +Capgine -

Lyo fppuah Filled ¥isls{ppon} Filled Fiei}

Heli Yi—

Trav bi Tray 3 
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Table 13. Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space

Oxygen Content (%).

INssohad Choypen.  Diseased Gergen2 4; *

  PRAT -HNMARES Boosh

 

The results from these experiments demonstrate the effectiveness of the Head Space

Reduction (HSR) cycle in attaining reduced and consistent dissolved oxygen (DO)levels

in the finished drug product. The results showed a trend with an increase in dissolved

oxygen level from 0.36 parts per million (ppm) recorded during compounding, to an

average of 5.12 ppm measured after filling, a further increase to an average of 9.92 ppm

while loading the Lyophilizer, and finally a reduction of dissolved oxygen to an average of

0.50 ppm after headspace reduction. The overall trends are displayed in Figures 1 and 2.

The plots and data also show that the average increase in dissolved oxygen levels from

compounding to the filled vials was 4.76 ppm. Also, as the vials were stored in the transfer

cart, an average dissolved oxygen increase of about 4.80 ppm wasobserved priorto being

loaded in the Lyophilizer for head space reduction. The total average increase in dissolved

oxygen levels from compounding to vials being loaded in the lyophilizer was 9.56 ppm.

The average decrease in dissolved oxygen observed in vials post head space reduction was

9.42 ppm. In addition, the oxygen levels obtained across all trays analyzed pre and post

HSR were consistent throughout the manufacturing process.

Head Space Gas Analysis was performed on bothfilled and empty vials taken from

designated locations in selected trays. Percent (%) Oxygen results achieved across the trays

showed a relatively uniform head space reduction process throughout the chamber. The
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average % Oxygen for the empty vials was found to be 1.15%, compared with 1.21% for

the filled vials (Reference Table 11).

Dissolved Oxygen and Head Space Gas Analysis were also performed on the Held

Vials from designated locations in Tray 1 as part of the stressed sample analysis overthe

course of the manufacturing process. The results showed a comparable trend to that

observed for the regular samples across the study (Reference Table 12). Specifically, an

inercase in dissolved oxygen level from 0.36 ppm recorded during compounding, to 5.64

ppm measuredafter filling, a further increase to an average of 10.58 ppm while loading the

Lyophilizer, and finally a reduction of dissolved oxygen to an average of 0.57 ppm alter

headspace reduction. The average % Oxygen for the filled held vials was found to be

1.48%, compared with 1.21% forthe filled regular vials. This indicated that the HSR cycle

was effective in achieving comparable DO and Headspace oxygenresults irrespective of

the maximum fill time exposure (approximatcly 7 hours; represented by the Fill Hold

Vials) and has no impact on the quality of the product. The use of the Lyophilizer, in the

Head Space Reduction of L-Cysteine Hydrochloride Injection, USP (50 mg/mL) has been

shown to be effective for the control of reduced and consistent oxygen levels, and is

suitable for scale up for the existing process and equipment as the product meets all the

critical quality attributes.

Example 5

Head space oxygen reduction was accomplished using an automated filling

equipment that can handle high speed filling, in contrast to slow or low volumeoperation

such as through a lyophilizer as described in Examples 1 and 4. The high-speed filler is

capable of using vacuum and gas overlay in alternate pulses to reduce the head space

oxygen. Eachpulse is timed to be within 0.1 to 5 seconds suchthat typically 3-5 pulses are

conducted in one head space oxygen reduction cycle. The pulse rate can be adjusted after

multiple trials to provide optimal headspace reduction with optimal speed of thefiller such

that no product is lost through back suction or through spillage and average speeds of from

69

NexusEx. 1024

Page 72 of 466



Nexus Ex. 1024 
Page 73 of 466

10

15

20

Atty. Ref. No. 066859/509450

about 20 vials/minute to about 200 vials per minute, depending on the numberoffill heads

used.

A 50 L batch wasprepared utilizing the current compounding procedure described

above in Example 1. Thefiller was set up to fill and reduce head space oxygen as per the

process shownin Figure 3.

The total head space reduction cycle lasted about 25 seconds per operation. The

vials were analyzed for head space oxygen at time zero and at 1-month time point. The

data are shownbelow.

The evaluation ofthe filler’s performance demonstrated that the headspace oxygen

control was comparable to or better than the current process for L-Cysteine. Headspace

oxygen values obtained ranged from 0.2% to 0.5% forall vials filled, including empty vials

during start up. Vials tested after 1-month storage at ambicnt conditions also maintain

headspace oxygen levels between 0.4 and 1.5%. The Tables below show a summary of the

results for the in process and 1-monthstability testing. Also included below is a comparison

of the in-process data obtained from previously manufactured lots of L-Cysteine utilizing

the lyophilizer headspace reduction method. The data show the headspace oxygen values

at Time Zero are lower with the high-speed filler than the lyophilizer process.

Table 14. Headspace Oxygen Levels at Time Zero for High-Speed Filler

PROT-000213 — Time Zero

 Headspace O2 (%)|0.473 0.378 0.243 0.490 0.372

Table 15. Headspace Oxygen Levels at 1 Month for High-Speed Filler

CEI,TrayNo.5_|Tray No.10
ULL,Low|High|Average|Low|High|Average__

Headspace O2 (%)|0.412|1.518|0.995 1.454 1.262
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Table 16. Comparison of Headspace Oxygen Levels between Lyophilizer and High-Speed
Filler Operations

Bateh XMHJ1705 XMHJ1706 XMHJ1707 PROT-000213
 

(Current (Current (High Speed
(Process) (Current Process) Process) Process) Filler)

1.9% 1.9 %
Average 2.3 % Oxygen 0.4 % Oxygen

Low N/A Oxygen Oxygen 0.2% Oxygen
High N/A N/A N/A 0.5% Oxygen

N/A N/A

1 Month Room 0.9%0O 2.8 % 1.2 % 1.1 % Oxygen
Temperature 7 7 OxyeEN Oxygen Oxygen (0.4 % to 1.5 %) 

N/A — Not Applicable

Figure 4 shows the comparison of oxygen headspace control between the

lyophilizer chamber headspace control method versus the high-speed filler vacuum

stoppering system. The lyophilizer chamber for headspace reduction wasutilized for lots

XMHJ1705, XMHJ1706, and XMHJ1707 of L-Cysteine Hydrochloride injection. The time

zero oxygen headspace results for the engineering batch PROT-000213 are shown in

comparisonto the previously manufactured lots. Results shown were measuredat the time

of manufacturing on samples of vials from the batches. Oxygen percentage was taken for

the samples from PROT-000213 using the NeoFox Phase Fluorometer. Lots XMHJ1705,

XMHJ1706, and XMHJ1707 used Argon Headspace Analysis, QCTM-000014.

In addition to the head space oxygen levels, dissolved oxygen Ievels were also

measured. Data are shownin Figure 5.

The dissolved oxygen levels and head space oxygen levels were measured again at

1 monthstability time point at room temperature conditions:

Table 17. Headspace and Dissolved Oxygen Data Comparison at 1 month

Study — 1 Month

ML...oesayoto_— UAPe
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H

aie ©|o576|0.412|1518|1475|098|1454|1.352
oeeen) Oz|9545|0.706|2.328|2.042|2173|2.372|2.149 

Example 6

Purity Profile and Long-Term Stability of L-Cysteine Composition for Injection

An L-cysteine composition for injection was manufactured as described in Example

1. The glass used was Schott Type 1 USP Plusglass, internally coated with silicon dioxide.

The composition was subjected to stability testing to evaluate the stability of the

composition over time. Table 18 shows variousstability data collected for the L-cysteine

composition for injection over a 9-month testing period. Samples of exhibit batches stored

upright at room temperature for 9 months at 25 °C/ 60% RH. Note: two samples were

tested for dissolved oxygen and head-space oxygen.

Table 18. Characterization of L-Cysteine Composition for Injection
 

 

  
Test XMHJ1705 XMHJ1706 XMHJ1707

Up Up Up
L-Cysteine HCl 100.4% 101.3% 101.2%
Related Compounds:
L-Cystine 0.3% 0.3% 0.3%
Pyruvic Acid Total 0.1% 0.2% 0.1%
Specified RRT-1.98 0.2% 0.2% 0.2%
Individual ND ND ND

Unspecified 0.5% 0.7% 0.6%
Total Impurities
Dissolved Oxygen (1) 0.12 ppm (1) 0.13 ppm (1) 0.14 ppm

(2) 0.13 ppm (2) 0.14 ppm (2) 0.13 ppm
Head-Space Oxygen (1) 0.16% (1) 0.53% (1) 0.56%

(2) 0.37% (2) 0.89% (2) 0.50%
Aluminum Content 3.2 ppb 2.9 ppb 5.6 ppb
Description Clear colorless Clear colorless Clear colorless

solution solution solution
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Effect of Dissolved Oxygen and Headspace Oxygen on L-cysteine and Cystine Levels

An L-cysteine composition for injection was manufactured as described in Example

1. However, samples of exhibit batches were tested without head-space reduction and

argon overlay during compounding, then filled, stoppered and capped. Samples were

tested within one week of manufacturing date. Data in Table 19 show the marked effects

of lack of headspace and dissolved oxygen on componentlevels within one week. L-

Cystine increased by about 0.4% - 0.7% within a week for samples with higher dissolved

oxygen and head-space oxygen.

Table 19. Effect of lack of Headspace and Dissolved Oxygen Control on Product Purity

     
Evaluation of Anions in L-Cysteine Product

  
Test Prior to Prior to Prior to Ave Values

Head-Space Head-Space Head-Space for after
Reduction Reduction Reduction completed
Tray 1 Tray 19 Tray 23 Batch

L-Cysteine HCl 99.9% 100.1% 100.0% 102.0%
L-Cystine 0.8% 0.5% 0.6% 0.1%
Head-Space 20.8% 20.3% 20.3% 1.2%
Oxygen
Dissolved 8.3 ppm 8.6 ppm 8.6 ppm 0.50 ppm
Oxygen

Example 8

Inorganic anionic leachables were determined using validated potentiometric

methodsutilizing ion selective electrodes. Fluoride and Iodide were evaluated for this drug

product. The leachablestesting results are listed in Tables 20 and 21 below.
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Table 20. Leachable Iodide Results for L-Cysteine HCI Injection

 

 

 

  
 

 

 

LI] (ppb)

1 28.1 27.4 27.1 25.2 24.9 24.7

2 25.9 26.3 25.9 24.0 24.1 24.1

3

Average
SD

% RSD

XMHJ1706

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted
1 81.7 80.3 82.8 80.3 82.0 81.8

2 83.1 81.7 81.5 82.5 82.3 81.3

3 81.7 81.7 81.8 78.1 81.9 82.8

Average 82.2 81.2 82.0 80.3 82.1 82.0
SD 0.8 0.8 0.7 2.2 0.2 0.7

% RSD 0.9 1.0 0.9 2.7 0.2 0.9

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted
1 53.5 52.3 53.1 51.7 51.4 50.8

2 52.5 54.0 53.7 51.8 52.0 53.5

3 54.4 52.8 52.8 53.8 53.6 52.6

Average 53.5 33.0 53.2 52.4 52.3 52.3
SD 1.0 0.9 0.4 1.2 1.1 1.4

% RSD 1.8 1.7 0.8 2.2 2.1 2.6

      
Table 21. Leachable Iodide Results for L-Cysteine HCIInjection
[I] (ppb)
 

XMHL1702A XMHL1702B

25 °C/60 %RH|40 °C/75 %RH|25 °C/60 %RH|40 °C/75 %RH

6 month 6 month 6 month 6 month

Todide (ppb) 
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The leachable results for Fluoride indicate levels below 20 ppb and no observable trend in

leachable amount over time or temperature dependence. The leachable results for Iodide

indicate that levels were observed ranging from ~20-80 ppb. No noticeable trend in

leachable amountincluding vial orientation or temperature dependence wasobserved.

Example 9

Elemental Leachables

Elemental leachables were evaluated using a validated inductively coupled plasma

mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and

otherliterature in the art. The results for the elemental leachables analysis are summarized

in the Table below. The Table lists the Allowable Elemental Concentrations (AEC) for

each identified element.

Table 22. Elemental Impurity Leachables Results for L-Cysteine HCI Injection

 

 

 

 

          
 

[X] (ppb)

XMHJ1705 XMHJ1705
25 °C/60 % RH 40 °C/75 % RH

Element AEC
(ppb) Timepoint (months)

1 3 6 9 1 3 6

Molybdenum 14537|<0.5 2 1.75 0.6 <0.5 2 0.91

Zinc 12598 14 2 13.84|23.4 11 38 <QL

Tron 12598 25 21 50.52 19 16 60 5.73

Chromium 10660 2 <QL <QL 3.2 2 6 <QL

Barium 6784 2 <QL|<QL|<QL|<0.5 2 <QL
Tin 5815 ] 2 3.38 1.2 3 0.88

Copper 2907 <0.5|<QL|<QL 15.0 <0.5 2 <QL

Manganese 2423 1 <QL <QL 0.3 <0.5 2 <QL
Lithium 2423 <0.5 3.90 0.1 <0.5 6 3.79

Gold 969 5 9.76 0.3 3 4 1.76

Antimony 872 1 0.88 0.1 1 2 0.60

Selenium 775 <0.5|<QL <QL 0.1 <0.5 2 <QL

Nickel 194 11 9 16.66 8.1 11 9 0.99
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Arsenic 174 1 <QL <QL 0.2 1 2 <QL

Aluminum 120 <QL|}<QL|<QL|<QL|<QL <QL <QL

Vanadium 97 <QL|<QL <QL <QL <0.5 4 <QL

Silver 97 <0.5|<QL|<QL|<QL|<QL 17 <QL

Ruthenium 97 <0.5 1 0.72 <QL <0.5 2 0.74

Rhodium 97 <0.5 4 4.31 <QL|<0.5 8 4.29

Platinum 97 <0.5|<0.5|<QL|<QL|<0.5 1 <QL

Palladium 97 <0.5|<QL <QL <QL <0.5 1 <QL

Osmium 97 <0.5|<QL <QL <QL <0.5 1 <QL

Iridium 97 <0.5 6 5.98 <QL|<0.5 7 5.92

Thallium 78 <0.5 4 3.59 <QL <0.5 5 3.59

Cobalt 48 <0.5|<QL|<QL 0.1 <0.5 <0.5 <QL

Lead 48 2 5 6.77 1.5 2 6 3.33

Mercury 29 <0.5 1 0.78 2 <0.5 1 1.10

Cadmium 19 <0.5 1 1.31 <QL <0.5 2 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

      
 

XMHJ1705
25 °C/60 % RH

Element AECPeeammhe|
(ppb) Timepoint (months)

12 12 12
INV|HOR|UP

Molybdenum 14537 0.4 0.4 0.5
Zinc 12598 5 3

Tron 12598 157 637

Chromium 10660 2 3

Barium 6784 0.4 0.4 0.4

Tin 5815 1 1 1

Copper 2907 0.5 0.8 0.6

Manganese 2423 <QL 2 8
Lithium 2423 0.04|0.05 0.05

Gold 969 0.4 <QL 1

Antimony 872 0.4 0.3 0.3

Selenium 715 <QL 1 <QL

Nickel 194 14 14 15

Arsenic 174 0.3 0.3 0.2

Aluminum 120 SOL von SOL
Vanadium 97 <QL|<QL <QL

Silver 97 <QL|<QL|<QL

Ruthenium 97 <QL|<QL <QL

Rhodium 97 0.01|0.0L 0.01

Platinum 97 <QL|<QL|<QL

Palladium 97 0.06|0.06 0.1

Osmium 97 <QL|<QL <QL

Iridium 97 0.04|0.03 0.04

Thallium 78 <QL|<QL|<QL

Cobalt 48 <QL|<QL|<QL

Lead 48 2 2 2

Mercury 29 0.7 0.7 0.6

Cadmium 19 <QL|<QL|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection

 

 

 

 

 

 

 

 
 

LX] (ppb)

XMHJ1706 XMHJ1706
25 °C/60 % RH 40 °C/75 % RH

Element AEC
(ppb) Timepoint (months)

1 3 6 9 1 3 6

Molybdenum 14537|<0.5 1 1.32 0.4 <0.5 2 1.33
Zinc 12598 10 8 8.23 23.9 10 36 4.25

Tron 12598 9 30 34.02 7.9 10 41 45.60

Chromium 10660 1 <QL <QL 1.9 2 5 <QL

Barium 6784 <0.5|<QL|<QL|<QL 1 <QL

Tin 5815 1 2 2.91 1.3 1 3 2.08

Copper 2907 <QL|<QL|<QL|<QL <QL 1 <QL

Manganese 2423 <0.5|<QL <QL 0.3 <0.5 1 <QL
Lithium 2423 <0.5 4 3.84 0.1 <0.5 6 3.87

Gold 969 2 3 4.38 0.2 2 4 3.99

Antimony 872 1 1 0.81 <QL 1 2 0.91

Selenium 775 <0.5|<QL <QL 0.6 1 3 <QL

Nickel 194 11 10 8.66 8.1 11 9 8.68

Arsenic 174 <0.5|<QL|<QL 0.4 <0.5 2 <QL

Aluminum 120 <QL ‘Sy <QL|<QL <QL <QL <QL
Vanadium 97 <QL|<QL|<QL|<QL <0.5 4 <QL

Silver 97 <QL|<QL|<QL|<QL <QL 17 <QL

Ruthenium 97 <0.5 1 0.73 <QL <0.5 2 0.73

Rhodium 97 <0.5 4 4,29 <QL <0.5 8 4.28

Platinum 97 <0.5|<0.5 <QL|<QL <0.5 1 <QL

Palladium 97 <0.5|<QL|<QL|<QL <0.5 1 <QL

Osmium 97 <0.5|<QL|<QL|<QL <0.5 1 <QL

Tridium 97 <0.5 6 5.94|<QL <0.5 7 5.94

Thallium 78 <0.5 4 3.59 <QL <0.5 5 3.59

Cobalt 48 <0.5|<0.5 <QL|<QL <0.5 <0.5 <QL

Lead 48 2 6 3.53 2.0 2 6 5.53

Mercury 29 <0.5 1 1.11 1.5 <0.5 1 1.01

Cadmium 19 <0.5 1 1.30 <QL <0.5 2 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

      
 

XMHJ1706
25 °C/60 % RH

Element AECPeeammhe|
(ppb) Timepoint (months)

12 12 12
INV|HOR|UP

Molybdenum 14537 0.4 0.4 0.4
Zinc 12598 3 6 8

Tron 12598 11 55 10

Chromium 10660 1 1 1

Barium 6784 0.4 0.6 0.4

Tin 5815 1 2 2

Copper 2907 1 0.2 <QL

Manganese 2423 0.1 0.6 0.2
Lithium 2423 0.03 0.03 0.04

Gold 969 0.2 0.2 0.3

Antimony 872 0.6 0.5 0.5

Selenium 715 0.4 <QL 0.4

Nickel 194 14 14 14

Arsenic 174 0.8 0.5 0.4

Aluminum 120 SOL SOL SOL
Vanadium 97 <QL|<QL|<QL

Silver 97 <QL|<QL|<QL

Ruthenium 97 0.005|<QL|0.003

Rhodium 97 0.007|0.005|0.008

Platinum 97 <QL|<QL|<QL

Palladium 97 0.04|0.02 0.03

Osmium 97 <QL|<QL|<QL

Iridium 97 0.03|0.03 0.03

Thallium 718 <QL|<QL|<QL

Cobalt 48 <QL|<QL|<QL

Lead 48 2 2 2

Mercury 29 0.7 0.7 0.7

Cadmium 19 <QL|0.004|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection

 

 

 

 

 

 

 

 
 

LX] (ppb)

XMHJ1707 XMHJ1707
25 °C/60 % RH 40 °C/75 %RH

Element AEC
(ppb) Timepoint (months)

1 3 6 9 1 3 6

Molybdenum 14537|<0.5 1 1.22 0.4|<0.5 2 1.21
Zinc 12598 10 4 4.28|22.7 11 38 3.91

Iron 12598 8 26 12.55|8.3 9 74 17.68

Chromium 10660 1 <QL|<QL 2.2 1 6 <QL

Barium 6784 <0.5|<0.5|<QL|<QL|<0.5 1 <QL

Tin 5815 1 2 2.13 3.2 1 3 2.22

Copper 2907 <0.5|<QL|<QL|<QL|<0.5 2 <QL

Manganese 2423 <0.5|<QL|<QL 0.1 <0.5 1 <QL
Lithium 2423 <0.5|3.86|3.86 0.2|<0.5 6 3.88

Gold 969 3 3 3.98 0.1 2 4 3.48

Antimony 872 1 1 1.01|<QL 1 2 1.06

Selenium TI15 <0.5|<QL|<QL 0.1 <0.5 2 <QL

Nickel 194 11 8 7.71 7.4 10 8 7.82

Arscnic 174 1 <QL|<QL 0.4 1 2 <QL

Aluminum 120 <QL|<QL|<QL|}<QL|<QL|<QL|<QL

Vanadium 97 <QL|<QL|<QL|<QL|<0.5 4 <QL

Silver 97 <0.5|<QL|<QL|<QL|<QL 17 <QL

Ruthenium 97 <0.5 1 0.73|<QL|<0.5 2 0.73

Rhodium 97 <0.5 4 4.29 <QL|<0.5 8 4.28

Platinum 97 <0.5|<0.5 <QL|<QL|<0.5 1 <QL

Palladium 97 <0.5|<QL|<QL|<QL|}<0.5 1 <QL

Osmium 97 <0.5|<QL|<QL|<QL|<0.5 1 <QL

Tridium 97 <0.5 6 5.95|<QL|<0.5 7 5.94

Thallium 718 <0.5 4 3.59|<QL|<0.5 5 3.56

Cobalt 48 <0.5|<0.5|<QL|<QL|<0.5|<0.5|<QL

Lead 48 2 6 5.51 1.9 2 6 5.55

Mercury 29 <0.5 1 0.98 1.2|<O.5 1 0.89

Cadmium 19 <0.5)1.30|1.29|<QL}<0.5 2 1.29
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

      
 

XMHJ1707
25 °C/60 % RH

Element AECPeeammhe|
(ppb) Timepoint (months)

12 12 12
INV|HOR|UP

Molybdenum 14537 0.4 0.4 0.4
Zinc 12598 7 4 6

Tron 12598 71 13

Chromium 10660 1 1 1

Barium 6784 0.6 0.5 0.6

Tin 5815 1 1 1

Copper 2907 0.2 0.2 0.1

Manganese 2423 0.2 1 0.3
Lithium 2423 0.03|0.03 0.06

Gold 969 0.1 0.1 0.2

Antimony 872 0.6 0.6 0.6

Selenium 715 0.4 <QL <QL

Nickel 194 14 14 14

Arsenic 174 0.6 0.6 0.6

Aluminum 120 SOL ‘OL “OL
Vanadium 97 <QL|<QL|<QL

Silver 97 <QL|<QL|<QL

Ruthenium 97 <QL|0.004|0.001

Rhodium 97 0.005|0.005|0.006

Platinum 97 <QL|<QL|<QL

Palladium 97 <QL|0.02|0.02

Osmium 97 <QL|<QL|<QL

Iridium 97 0.03|0.03 0.03

Thallium 78 <QL|<QL|<QL

Cobalt 48 <QL|<QL|<QL

Lead 48 2 2 2

Mercury 29 0.7 0.7 0.7

Cadmium 19 <QL|<QL|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

 

     
 

XMHJ1702A
25 °C/60 % RH

Element AEC Timepoint
(ppb) (months)

9 9
INV UP

Molybdenum 14537 1 0.5
Zinc 12598 17 17

Tron 12598 5 59

Chromium 10660 5 1

Barium 6784 ] 0.4

Tin 5815 2 1

Copper 2907 1 0.4

Manganese 2423 2 1
Lithium 2423 8 0.1

Gold 969 7 1

Antimony 872 <QL 0.3

Selenium 7715 <QL <QL
Nickel 194 11 15

Arsenic 174 0.3 0.1

Aluminum 120 SOL SOL
Vanadium 97 3 <QL

Silver 97 2 <QL

Ruthenium 97 0.9 <QL

Rhodium 97 8 0.01

Platinum 97 2 <QL

Palladium 97 ] 0.1

Osmium 97 0.8 <QL

Tridium 97 10 0.04

Thallium 78 7 <QL

Cobalt 48 3 0.03

Lead 48 38 2

Mercury 29 1 0.6

Cadmium 19 0.5 <QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

 

 

     
XMHJ1702A XMHJ1702A

25 ©C/60 %RH 40 °C/75 %RH

Element (ppb) :
Timepoint (months)

0 1 2 3 6 0 1 2 3 6

Molybdenum|14537|2|N/A} N/A|1.34 0.5 2 2 <0.5 1 0.4

Zinc 12598|42|N/A] N/A|3.90|34.3 42 37 2 4 22

Tron 12598|284|N/A|N/A|15.31 7 284|27|<QL 35 11.2

Chromium|10660] 14|N/A] N/A|<QL|2.1 14 4 <0.5|<QL 2.1

Barium 6784|2|N/A] N/A|<QL|<QL|2 2|<QL|<QL|<QL

Tin S815 3 N/A|N/A 1.82 3.8 3 3 2 2 1

Copper 2907 4 N/A|N/A|<QL|123.1 4 2 <QL|<QL 0.1

Manganese 2423 5 N/A|N/A|<QL 0.1 5 1 <0.5|<QL 0.3

Lithium 2423 6|N/A|N/A|3.92 0.2 6 6 <QL 4 0.2

Gold 969 7|N/A|N/A|3.45 0.1 7 4 5 0.1

Antimony 872 2|N/A] N/A|1.08|<QL 2 2 1 1 <QL

Selenium 775|4|NYA} N/A|<QL|0.4 4 2|<QL|<QL|<QL

Nickel 194 11 N/A|N/A|8.93 8 11 9 4 8 8.1

Arsenic 174|2|N/A] N/A|<QL|03 2 t|<eL|<oL|03

Aluminum|120|<0.5) N/A|N/A|<oL|<aL|<QL Sol SOL SOL <OL
Vanadium 97 4|NYA] N/A|<QL|<OL|4 3|<oL|<oL|<oL

Silver 97 17|N/A] N/A|<QL|<QL|17«|17 17.|<QL|<QL

Ruthenium 97 2|N/A|N/A|0.76|<QL 2 2 <0.5 1 <QL

Rhodium 97 8|N/A} N/A|4.30|<QL 8 8 9 4 <QL

Platinum 97 1 N/A|N/A|<QL|0.1 1 1 <0.5|<0.5 0.1

Palladium 97 1|NYA} N/A|<QL|<OL|1 1|<QL|<QL|<QL

Osmium 97 1 |N/A] N/A|<QL|<QL|1 1 1 <OL|<QL

Iridium 97 7 N/A|N/A|5.98 <QL 7 7 9 6 <QL

Thallium 78 5|N/A|N/A|3.59|<QL 5 5 6 <QL

Cobalt 48 <0.5|N/A|N/A|<QL|<QL|<0.5|<0.5|<QL|<0.5 <QL

Lead 48 6|N/A] N/A|5.01 1.6 6 6 6 5 1.5

Mercury 29 2 N/A|N/A|0.81 1 2 1 1 1 Ll

Cadmium 19 2|N/A] N/A|1.37|<QL 2 2 1 1 <QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection

 
 
 

 
 
 

 
 
 

               
[X] (ppb)

XMHJ1702B XMHJ1702B

El t AEC 25 °C/60 % RH 40 °C/75 % RH
emen (ppb) Timepoint (months)

0 1 2 3 6 0 1 2 3 6

Molybdenum|14537 2 N/A|N/A 1 0.5 2 2 <QL 1 0.4
Zinc 12598|38|N/A|N/A|71|23.5|38 39|<QL 7 23.1
Tron 12598|166|N/A| N/A] 31|7.9|166|35|<QL|]16|123

Chromium|10660[ 9|N/A] N/A] <QL] 2.1[|9 6|<QL|<QL] 19
Barium 6784[|1|N/A| N/A[<QL[<QL|1 1_| <QL|<Q| <QL

Tin 5815 3 N/A|N/A|21 1.5 3 4 3 3 1.3

Copper 29007|2|N/A| N/A| <OL|<OL|2 2|<OQL|/ <OL| 03
Manganese 2423 3 N/A|N/A|<QL|0.1 3 1 <QL|<QL|0.3

Lithium 2423 6 N/A|N/A 4 0.2 6 6 <QL 4 0.2
Gold 969 5 N/A|N/A 3 0.1 5 4 5 3 0.1

Antimony|872|2|N/A|N/A| 1|<QL|]2 2 I 1|<QL
Selenium 715|3 [N/A[ N/A] <QL] O.1 [3 2|<QU|<QL|<OL
Nickel 194|10 |N/A] N/A] 9|82|10|8 4 8|82

Arsenic 14[|2|NA| NA] <QL[ 03[2 2 [<QL[|<QL|0.1
: (6) (10)|(25)|©

Aluminum|120|<QL|N/A} N/A) coy|<QL|<QL| cor|<or|<o| <&
Vanadium 97 4 N/A|N/A|<QL|<QL 4 4 <QL|<QL|<QL

Silver 97 17|N/A|N/A] <OL[|<QL[17[|17 [17|<QL|<OL
Ruthenium 97 2 N/A|N/A 1 <QL 2 2 <0.5 1 <QL
Rhodium 97 8 N/A|N/A 4 <QL 8 8 9 4 <QL
Platinum 97 1 N/A|N/A|<0.5|O.1 1 1 <0.5|<0.5|0.1

Palladium 97 1|N/A[|N/A|<QL[<QL[ 1 i_| <QL|<QL|<QL
Osmium 97 1[|N/A[|N/A <QL|<QL [1 I 1|<QU|<QL
Iridium 7 7[|NIA[NIA[ 6|<QL[ 7 7 9 6|<QL

Thallium 78 5[|NA|NIA[ 4|<QL| 5 5 6 4|<QL
Cobalt 48|<05|N/A| N/A|<05|<OL| <05|<05|<OQL|<05|<OL
Lead 48 6 N/A|N/A 5 i) 6 6 6 5 1.5

Mercury 29 2 N/A|N/A 1 0.5 2 1 1 1 0.4
Cadmium 19 2 N/A|N/A 1 <QL 2 2 1 1 <QL

5

Example 10

Visual Inspection of Filled Vials

The L-Cysteine product that was manufactured by the two methods(e., lyophilzer

10 chamber method and high-speed filler method) were inspected at after 1 month after

production for visible signs of degradation in the form of visible particulate matter. In the

presence of oxygen, two L-Cysteine residues will form a disulfide covalent bond forming

L-Cystine. L-Cystine has a lower solubility (0.112 mg/mL) than L-Cysteine (50 mg/mL),

in some cases the degradant can be visually observed.

15
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Table 23. Comparison of Particulate Matter

|«|PROT-000213|XMHJ1705 XMHJ1706 XMHJ1707
Total Vials

White PM

Overall %

 

  
 

 

 
 

 

 
 

1.88% 3.46%

As the data show, no confirmed degradation was observed by either method

indicating that the head space oxygen reduction and dissolved oxygen levels achieved

herein are successful in producing L-Cysteine injection of desirable quality attributes.

All documents cited or referenced in the application cited documents, and all

documents cited or referenced herein (“herein cited documents’), and all documentscited

or referenced in herein cited documents, together with any manufacturer’s instructions,

descriptions, product specifications, and product sheets for any products mentioned herein

or in any document incorporated by reference herein, are hereby incorporated herein by

reference, and may be employedin the practice of the invention.

66, 99 66,

As used herein, “a,” “an,” or “the” can mean one or more than one. For example,

“a” cell can meana single cell or a multiplicity of cells.

Also as used herein, “and/or” refers to and encompasses any and all possible

combinations of one or more of the associated listed items, as well as the lack of

combinations when interpreted in the alternative (“or”

The term “consists essentially of’ (and grammatical variants), as applied to the

compositions of this invention, means the composition can contain additional components

as long as the additional components do not materially alter the composition.

Asused herein, the term “about” is used to provide Mexibilily to a numerical range

endpoint by providing that a given value may be “a little above” or “a little below” the

endpoint. Unless otherwise stated, use of the term “about” in accordance with a specific

number or numerical range should also be understood to provide support for such

numerical terms or range without the term “about”. For cxample, for the sake of
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convenience and brevity, a numerical range of “about 50 milligrams to about 80

milligrams” should also be understood to provide support for the range of “50 milligrams

to 80 milligrams.” Furthermore, it is to be understood that in this written description

support for actual numerical values is provided even when the term “about” is used

therewith. Furthermore, the term “about,” as used herein when referring to a measurable

value such as an amount of a compoundoragentofthis invention, dose, time, temperature,

and the like, is meant to encompassvariations of +20%, +10%, +5%, +1%, +0.5%, or even

+0.1% of the specified amount. To be clear, the range encompassed by “about” will include

all discrete values within that range, regardless of whether such discrete values are

explicitly specified and/or prefaced by “about.” Equivalents permissible for such discrete

values as well as all ranges and subranges are within the scope of this disclosure.

Concentrations, amounts, and other numerical data may be expressed or presented

herein in a range format. It is to be understood that such a range formatis used merely for

convenience and brevity and thus should be interpreted flexibly to include not only the

numerical values explicitly recited as the limits of the range, but also to includeall the

individual numerical values or sub-ranges encompassed within that range as if each

numerical value and sub-range is explicitly recited. As an illustration, a numerical range

of “about 1 to about 5” should be interpreted to include not only the explicitly recited values

of about 1 to about 5, but also include individual values and sub-ranges within the indicated

range. Thus, included in this numerical range are individual values such as 2, 3, and 4 and

sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5,

individually. This same principle applies to ranges reciting only one numerical value as a

minimum or a maximum. Furthermore, such an interpretation should apply regardless of

the breadth of the range or the characteristics being described.

Having thus described in detail preferred embodiments of the present invention,it

is to be understood that the invention defined by the above paragraphsis not to be limited

to particular details set forth in the above description as many apparent variations thereof

are possible without departing from the spirit or scope of the present invention.
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WHATIS CLAIMEDIS:

1. A stable L-cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pyruvic acid in an amountfrom about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace oxygenthat is from about 0.5% v/v to 4.0% v/v from the time of

manufacture to about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored al room temperature,

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

2. The composition of claim 1, whercin the composition is essentially free of an

antioxidant.

3. The composition of claim 1, wherein said Aluminumis present in an amount from

about 1.0 ppb to about 200 ppb.

4, The composition of claim 1, wherein said Aluminum is present in an amount from

about 1.0 ppb to about 150 ppb.

5. The composition of claim 1, wherein said Aluminumis present in an amount from

about 1.0 ppb to about 100 ppb.

87

NexusEx. 1024

Page 90 of 466



Nexus Ex. 1024 
Page 91 of 466

Atty. Ref. No. 066859/509450

6. The composition of claim 1, wherein said Aluminum is present in an amount from

about 1.0 ppb to about 50 ppb.

7. The composition of claim 1, wherein said Aluminum is present in an amount from

about 1.0 ppb to about 20 ppb.

8. The composition of claim 1, wherein the composition comprises, from about 1.0

ppb to about 100 ppb of Aluminum from the container, from about 1.0 ppb to about 100

ppb of Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppm of

Aluminum from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum

from the water, wherein the total amount of Aluminum is [rom about 4.0 ppb to about

250 ppb.

9. The composition of claim 1, wherein said L-cysteine or a pharmaceutically

acceptable salt thereof and/or hydrate thereofis present in an amount from about 20

mg/mL to about 70 mg/mL.

10. The composition of claim 1, wherein said L-cysteine or a pharmaceutically

acceptable salt thereof and/or hydrate thereof is present in an amount from about 30

mg/mL to about 70 mg/mL.

11. The composition of claim 1, wherein said L-cysteine or a pharmaceutically

acceptable salt thereof and/or hydrate thereof is present in an amountof about 37.5

mg/mL.

12. The composition of claim 1, wherein said headspace oxygen is from about 2.0%

v/v to about 4.0% v/v.
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13. The composition of claim 1, wherein said headspace oxygenis from about 3.0%

v/v to about 4.0% v/v.

14. The composition of claim 1, further comprising one or more heavy metals

selected from the group consisting of Lead, Nickel, Arsenic and Mercury.

15. A total parenteral nutrition composition for parenteral administration, comprising

an admixture of:

about 0.5 mL to about 10 mL an L-cysteine composition comprising:

L-cystcine or a pharmaccutically acceptable salt thereof and/or hydrate

thereof in an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount [rom about 10 ppb to about 80 ppb;

L-cystine in an amountfrom about 0.0.1 wt% to about 2.0 wt% relative to

L-cysteine;

pyruvic acid in an amountfrom about 0.0.1 wt% to about 2.0 wt% relative

to L-cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace oxygen that is from about 0.5% v/v to 4.0% v/v from the time

of manufacture to about 1 month from manufacture when stored at room

temperature,

dissolved oxygen present in the carrier in an amount from about0.1 parts

per million (ppm) to about 5 ppm from the time of manufacture to about 1 month

from manufacture when stored at room temperature,

and, about 1 gram to 200 grams of an amino acid composition comprising:

one or more amino acids selected from the group consisting of leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan,alanine,

arginine, glycine, proline, serine, and tyrosine.

16. The composition of claim 15, where said L-cysteine composition and said amino

acid composition are present in the admixtureat a ratio of from about 1:50 to 1:1000.
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17. The composition of claim 15, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

From about 10 mg/g amino acid to about 80 mg/g of one or more amino acids

selected from the group consisting of leucine, isoleucine, lysine, valine, phenylalanine,

histidine, threonine, methionine, tryptophan, alanine, arginine, glycine, proline, serine,

and tyrosine; and

Aluminum (AJ) in an amount from about 10 parts per billion (ppb) to about 80

ppb.

18. The composition of claim 17, wherein said L-cysteine is present at about 30 mg/g

to about 50 mg/g of total amino acid content.

19. The composition of claim 17, wherein said L-cysteine is present at about 40 mg/g

of total amino acid content.

20. The composition of claim 15, having a volume of about 100 mL to about 1000

mL for infusion within about 24 hours to about 48 hours of admixture.

21. A method of preparing the composition of claim 1, comprising:

Stirring Water for Injection, USP (WFDin a vessel at a temperature of NMT

about 60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1

ppm,

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NTL about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;
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Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or

5.0 N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowing to stand;

Filling said mixture into containers of use;

Reducing head space oxygen in said containers of use; and

Sealing said containers of use, wherein the dissolved oxygenin said containers

of use is about 0.1 ppm to about 5 ppm.

22. A method of preparing a reduced Aluminum composition for a total parenteral

nutrition regimen comprising L-cysteine, the method comprising:

mixing a composilion comprising L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about

250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to

L-cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt%

relative to L-cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and a

pharmaceutically acceptable carrier, comprising water, to form a composition for infusion

having a volume of about 100 mL to about 1000 mL,

wherein the Aluminumprovided in said parenteral nutrition regimen is from about

1-2 to about 4-5 micrograms/kg/day.
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ABSTRACT

The subject matter described herein is directed to stable L-cysteine compositions for

injection, comprising: L-cysteine or a pharmaceutically acceptable salt thereof and/or

hydrate thereof in an amountfrom about 10 mg/mL to about 100 mg/mL; Aluminum in an

amount from about 1.0 parts per billion (ppb) to about 250 ppb; cystine in an amount [rom

about 0.01 wt% to about 2 wt% relative to L-cysteine; pyruvic acid in an amount from

about 0.01 wt% to about 2 wt% relative to L-cysteine; a pharmaceutically acceptable

catrier, comprising water; headspace O32thatis less than 1.0%; dissolved oxygen

present in the carrier in an amount from about 0.01 parts per million (ppm) to about 1 ppm,

wherein the composition is enclosed in a single-use container having a volume of from 10

mL to 100 mL. Also described are compositions for a total parenteral nutrition regimen

and methods fortheir use.
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NOTE: Oncethe application has published or is otherwise publicly available, the USPTO may provide accessto the
application in accordance with 37 CFR 1.14.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number|066859/509450

INJECTION AND METHODS OF USE Title of Invention|STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR

Applicant Information:

Providing assignmentinformation in this section does not substitute for compliance with any requirementof part 3 of Title 37 of CFR
to have an assignmentrecorded by the Office. 

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be providedin this section is the name and address of the legal representative whe is the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whomtheinventor is underan obligation to assign the invention, or person
whootherwise showssufficient proprietary interest in the matter whois the applicant under 37 CFR 1.46.If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whomtheinventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be

 

© Legal Representative under 35 U.S.C. 117 ©_Joint Inventor

@ Person to whomtheinventoris obligated to assign. oO Person who showssufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

Nameof the Deceasedor Legally Incapacitated Inventor:

[x]If the Applicant is an Organization check here.

 

 

Organization Name Exela Pharma Sciences, LLC

Mailing Address Information For Applicant:

Address 2

City State/Province

Country Postal Code

Additional Applicant Data may be generated within this form by selecting the Add button.

AssigneeInformation including Non-Applicant Assignee Information:

 

 

 
 
Providing assignmentinformationin this section does not substitute for compliance with any requirementof part 3 ofTitle
37 of CFR to have an assignment recorded by the Office. 
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number|066859/509450
Application Data Sheet 37 CFR 1.76

Title of Invention|STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicantidentified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.
 

If the Assignee or Non-Applicant Assignee is an Organization check here. |

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address1

Address 2

City State/Province

Country! Postal Code

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

 
Signature:
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However,if this Application
Data Sheet is submitted with the INITIALfiling of the application andeither box A or B is notchecked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c). This Application Data Sheet mustbe signed by a patent
practitioner if one or more of the applicants is a juristic entity(e.g., corporation or association). If the applicant is two or
morejoint inventors, this form must be signed by a patent practitioner, alljoint inventors who are the applicant, or one or
morejoint inventor-applicants who have been given powerof attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of
all joint inventor-applicants. See 37 CFR 1.4(d) for the manner of making signatures and certifications.

{bryan |. skelton/ Date (YYYY-MM-DD)one
Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number ——Application Number

Title of Invention|STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 
This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Timewill vary depending uponthe individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain Information In connection with your submission ofthe attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the informationsolicited is voluntary; and (3) the principal purpose for which the informationis used by the U.S. Patent and
TrademarkOffice is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may notbe able to process and/or examine your submission, which may result in termination of proceedings or abandonmentof
the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. Theinformation on this form will be treated confidentially to the extent allowed under the Freedom ofInformation Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the DepartmentofJustice to determine whether the Freedom of
Information Act requires disclosure of these records.

Arecord from this system of records may bedisclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counselin the course of settlement negotiations.

Arecordin this system of records maybedisclosed, as a routine use, to a Memberof Congress submitting a request involving an individual, to whom
the record pertains, whenthe individual has requested assistance from the Memberwith respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractorofthe Agency having needforthe information in order to perform
acontract. Recipients of Information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may bedisclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records maybe disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may bedisclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvementsin records managementpractices and
programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made In accordance with the GSA regulations governing Inspection of
records for this purpose, and anyotherrelevant(i.e, GSA or Commerce) directive. Such disclosure shall not be used to make determinations aboutindividuals.

A record fram this system of records may bedisclosed, as a routine use, to the public after either publication of the application pursuantto 35 U.S.C.
122(b)or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record wasfiled in an application which became abandonedorin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspectionsor an issued patent.

Arecord from this system of records may bedisclosed, as a routine use, to a Federal, State, or local law enforcement agency,if the USPTO becomes
awareofa violation or potential violation of law or regulation. 
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Doc Code: PA..
PTO/AIA/82A (07-13)

DocumentDescription: Powerof Attarney Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWEROF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Powerof Attorney by Applicant form (PTO/AIA/82B)to identify the application to which the
Powerof Attorneyis directed, in accordance with 37 CFR 1.5, unless the application numberandfiling date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82Bidentifies the application to which the Powerof Attorney is
directed, the Powerof Attorney will not be recognizedin the application.

John MaloneFirst Named Inventor y

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION
AND METHODSOF USE

Not yet assigned

066859/509450

SIGNATUREof Applicant or Patent Practitioner

Signature /bryan |. skelton/ January 24, 2019
Name Bryan L. Skelton Registration

Number

Title (if Applicant is a|Patent Practitioner
juristic entity)

Applicant Name(if Applicantis a juristic entity) Exela Pharma Sciences LLC
NOTE:This form mustbe signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements andcertifications.If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public whichisto file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending uponthe individual case. Any comments on the amountof time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMSTOTHIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

   
Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Dac Code: PA. PTOWAIARZ 107-13)R : aie i CH GPR LORS.
Document Deseription: Power of Attorney Appeavedl for use though 01/91/2018. OME 2651-0035

US. Patent and Trademark Office; US. DEPARTMERT OF COMMERCE

Undar the Paparwark Reduction Act of 1995, no:persons are *eduied fa respond fo a collection of information: uniess i displays'a valid OMB contol number

POWER OF ATTORNEY BY APPLICANT
: | hereby revoke all previnus powers of attorney given in the application identified in either the attached transmittal letter or
f the boxes belaw,  

:
Application Number | Filing Date

{Note The boxes above may bbe2leftblankcifinformation isisprovidedoonnsform|PTONAIAIB2A. j
i haraby- appoint the Patent Practiticner(s) associated with the following Customer Number as my/our atterney{s).or agentis), and
te transact. all business in the United States Patent and Trademark Office connected therewith fi r the application referenced in
the attached transrnittal letter Gorm PTO/AIA/82A)}or identified above: (~~ ee oT

oR 00826
| hereby appoint Practitioner(s} named in the altached fist (ferm PTOJAIA/82C) as myfour attomey(s} or agent(s}, and ia transact
all business in the United States Patent and Trademark Office connected therewithfor the patent application referenced Inthe

allached transmittal letter (form PTOJAIA(824) or identified above. (Note: Complete forra PTOIAIAIB20.}

  

 

Please recognize ar change the correspondence address for the application |identified Iin the attached transmittal
letter or the boxes above to:

The address. associated with Ihe above-mentioned Customer Number

OR

The address associated with Customer Number;

OR
Firm or
individual Name

 

Address

jCountry _
f Telephone Email

fam the Applicantthe Applicant is. a+ juristic antity, fist the Applicant name in the baxk

| ExelaPhatxela PharmaSciences,LEO
inventoror Joint Inventor {title not required below}

 

Legal Representative of a Deceased or Legally Incapacitated Inventor (tite not required below}

Assignee or Person to Whom the Inventor is Under an Obligation te Assign (provide signers tile If applicant is a juristic entity)

Person Who-Othenwise Shows Sufficient igrtaaeed interestaa ins ufider 37 OFR TAB(b](2) was granted in the

i Bala Dplional)

NOTE: Signature -> This fon faust be signed by the applicant in accordance with 37 CFR 1.32. See 87 CFR 14 ffor gignatire requiramants

socertifications. Ifmorethan one applicani, ase multiple feorms.

 
aqui :

USPTO to precesa) an:application. Coonfidentiaittyiis governedby 35 uh3:C.422 and a7 CFR 444 and4.414. This collenion is estimated to take 3 minutes $0 complete.
including gathering, preparing, and submitting the completed! application form to ihe USPTO. Time will vary depending upor the individual case. Any comments on the amount
of time you require to complete this form and/or suggesiions for reducingthis burden, should be vent to the-Ghief Information Olicer, U.S. Palent and Trademark Offies, US.
Deparant of Commerce, FO. Rox 1456, Alexandila, VA 22313-1490, DONOT SEND FEES OR COMPLETED. FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, PQ, Bax 1840, Alexatidria, VA 22313-1450,

if you aeed assistancein compleling the form, call 1-800-PTO-9799 and select option 2.
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Electronic Patent Application Fee Transmittal

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND
Title of Invention: METHODSOF USE

First NamedInventor/Applicant Name: John Maloney

Bryan Lee Skelton/Laura Tremont

Attorney Docket Number: 066859/509450

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1 160 160

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

 
NexusEx. 1024

Page 117 of 466



Nexus Ex. 1024 
Page 118 of 466

Extension-of-Time:

Miscellaneous:

Total in USD ($) 
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Electronic AcknowledgementReceipt

a

a

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND
Title of Invention: METHODSOF USE

First Named Inventor/Applicant Name: John Maloney

Customer Number: 8a
ee

ee

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:

Deposit Account 160605

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows:

37 CFR 1.16 (National applicationfiling, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Documentsupply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

 

File Listing:

Document sg: File Size(Bytes)/ Multi Pages

509450_Supplemental_ADS.
Application Data Sheet od 94d01b5 1f4208e3661 cB87f2dc7762a660d

9996d

Information:

This is not an USPTO supplied ADSfillable form

Transmittal Letter 509450_Transmittal_Letter.pdf| 5c71d3da5962c80123565402d2a042254al
7bcb3

Information:

1475148

Oath or Declaration filed 509450_Declarations.pdf 2fbod6 1S50f24d55993c2334e3dc15c015499
78DC

 
Information:

907549

Powerof Attorney 509450_POA.pdf 36bbf67c0b 1 8cF9c92¢3099c47302020c7 OF|

Information: 

Fee Worksheet (SB06) fee-info.pdf ¢3178bcde1fl 8dbf08e34c64df0f2cfa0b54]  
Warnings: 

Information:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownon this
AcknowledgementReceiptwill establish thefiling date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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Supplemental Application Data Sheet

Application Information

Application number:

Filing Date:

Application Type:

Subject Matter:

Title:

Attorney Docket Number:

Suggested Drawing Figure:

Total Drawing Sheets:

Small Entity?:

Inventor Information

Inventor 1

Status:

Given Name:

Middle Name:

Family Name:

NameSuffix:

US Residency:

Non US Residency:

Active US Military Service:

City of Residence:

State or Province of Residence:

Country of Residence:

Street of Mailing Address:

Address2:

City of Mailing Address:

State or Province of mailing address:

Country of mailing address:

Page 1

16/248.460 

January 15, 2019

Nonprovisional

Utility

STABLE, HIGHLY PURE L-CYSTEINE

COMPOSITIONS FOR INJECTION AND METHODS

OF USE

066859/509450

Full Capacity

John

Maloney

Yes

Lenoir Salisbury

NC

US

c/o Exela Pharma Sciences, LLC

1245 Blowing Rock Blvd

Lenoir

NC

US

Supplemental ADS 1/24/19
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Postal or Zip Code of mailing address:

Inventor 2

Status:

Given Name:

Middle Name:

Family Name:

NameSuffix:

US Residency:

Non US Residency:

Active US Military Service:

City of Residence:

State or Province of Residence:

Country of Residence:

Street of Mailing Address:

Address2:

City of Mailing Address:

State or Province of mailing address:

Country of mailing address:

Postal or Zip Code of mailing address:

Inventor 3

Status:

Given Name:

Middle Name:

Family Name:

NameSuffix:

US Residency:

Non US Residency:

Active US Military Service:

City of Residence:

State or Province of Residence:

Country of Residence:

Street of Mailing Address:

Page 2

28645

Full Capacity

Aruna

Koganti

Yes

Lenoir

NC

US

c/o Exela Pharma Sciences, LLC

1245 Blowing Rock Blvd

Lenoir

NC

US

28645

Full Capacity

Phanesh

Koneru

Lenoi: Waxhaw

NC

US

c/o Exela Pharma Sciences, LLC

Supplemental ADS 1/24/19

NexusEx. 1024

Page 123 of 466



Nexus Ex. 1024 
Page 124 of 466

Address2: 1245 Blowing Rock Blvd

City of Mailing Address: Lenoir

State or Province of mailing address: NC

Country of mailing address: US

Postal or Zip Code of mailing address: 28645

Submitted by:

Signature /bryan |. skelton/ Date 2019-01-24

Printed Name Bryan L. Skelton Registration Number 50,893

Page 3 Supplemental ADS 1/24/19
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s):|Exela Pharma Sciences, LLC Conf. No. 6641
U.S. Appl No. 16/248,460
Filing Date: 01/15/2019
Art Unit: 1615

Examiner: To be assigned
Title: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION

AND METHODSOF USE

Docket No.: 066859/509450

Customer No.: 00826

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

TRANSMITTAL ACCOMPANYING SUPPLEMENTALADS

Sir:

Submitted concurrently herewith is a Supplemental Application Data Sheet to update the

cities of residence listed for inventors John Maloney and Phanesh Koneru to “Salisbury, NC” and

“Waxhaw, NC”, respectively. Applicant requests that a Filing Receipt be issued reflecting the

updated inventor residence information.

Also submitted concurrently herewith are inventor declarations for the above-referenced

application. Applicant notes that authorization to charge the late declaration surcharge to Deposit

Account No. 16-0605 was provided with the application filed January 15, 2019, and such fee is

hereby additionally authorized to be charged to Deposit Account No. 16-0605 herewith.

Respectfully submitted,

/bryan |. skelton/

Bryan L. Skelton
Registration No. 50,893

1 of 2
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In Re: Exela Pharma Sciences, LLC

Appl. No.: 16/248,460
Filed January 15, 2019
Page 2 of 2
 

Customer No. 00826

ALSTON & BIRD LLP

Bank of America Plaza

101 South TryonStreet, Suite 4000
Charlotle, NC 28280-4000

Tel Research Triangle Area Office (919) 862-2200
Fax Research Triangle Area Office (919) 862-2260

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEMOF THE UNITED STATES

PATENT & TRADEMARK OFFICE ON JANUARY24, 2019,

2 of 2
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PTOIAIAION (6-12)
Approved forise through PVS0/2026, OMB 0857-0892

tS, Patentand Trademark. Ofics: 0.3. DEPARTMENT OF COMMERCE

Under tha Papenvork Reduction Act of 1995, ne persons are required to respond a collection af information Unless it ‘splays a valid OMB. compronumber.

 
 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 GFR 1.78)
| rite of | STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND
| invention | METHODS OF USE  
| As-the below named inventor, { hereby deciare that snnerenmnntenniot

This declaration

is directad to:
 I The attached application, or :

16/248,460 |ey United States application ar PCT international application number
January 15, 2019filed on *  

The ebove-ideniified application was made or authorized to be made by me.

| belleve that |.amthe original inventor or an oilginal joint invantorof a claimed invention in the apolication.

i t hereby acknowledge that any willful false statement made in this-declaration is punishable under 18 U.S.C. 1004
by fine of imprisonment of not more than five (5) years, or bath.

WARNING: 2

| Petifionevapplicant ls cautioned to.avoid submitting personal information in decuments fled in a patent application that may
I contributefo identity heft. Personal information such as social security nurnbers, bank account numbers, or credit card numbers
i (other than a check or credit card authorization form PTO-2038 submitted for payment ourposes} is never required by the USPTO
lio. support a petition or an application. Hthis type of persanal information |s Included in documents submitted to the USPTO,
i pelitioners/anplicants should cansider redaciing such personal information fram the docurnents befere submitting them {to the
FUSPTO. Peditionarapnlicant is advised that the record af a patent applicationis available to the public after publication of the
| soptication (unless a non-publication request in compliance with 37 CFR 1.243(a) is made in the application) or issuance of a
satent. Furthermore, the record from an abandoned application may alse be available ta the public ifthe applicationis
referenced i a published application or an issued patent (see: 37 CFR 1.44), Checks anderedit card atihorization forms
PTO-2038 submitted for payment purposes are. nat ratainad in the apolicalion file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

John Maloney  Inventor: | Date (Optional) :
 

| Wate: Ad application data sheat (PTO/SE/14 or equivalent), including naming the ontire inventive entity, must accompany thie form or must have
| been previously filed. Use an additional PPOJAIAIOI formfor each additional inventor.

This collection of informations raquirad by36 ULS-6. 115 and 37 GER. 1.63. The infarmation is required to obtain or retain a:ber fi by the public which is to He(and
by the USPTO te process) an applications. Confidentiality is governed by 95 U.S.6. 122 and ay CAR 1411 and 1.44. This collection is esttimated toltake 4 minute to
camplete, including gathering, preparing, and submitting the completed agplination tornio the USPTO. Time will vary depending upon the individual case. Any
comments an theamount af time you require te complete this form and/or suggestions forreducing this burden, should he sentiothe Chief Information Officer, U.S:
Fatentand Trademark Office, US. Deparivient of Commerce, FLO: Box 1456, Alexandria, VA 22313-1480. DO. NOT SEND-FEES OR COMPLETED FORMSTQ
THIS ADORESS. SEND TO: Cormmisstoner for Patents, P.O. Box 1498, Alexanriria, VA 22313-14656,

if you nsec assistance in completing ihe form, call 1-800PTO-QI9S ang select. option &.
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PTO/AIA/01 (06-12)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond (o a collaction of informationunlessit displays a valid OMB control number.

DECLARATION(37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET(37 CFR 1.76)

Titleop |SPABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND
invention|METHODS OF USE

Asthe below namedinventor, | hereby declare that:

This declaration ‘ neaki
is directedto: [| The attached application, or

ml United States application or PCT international application number 16/248,460
filed on January 15, 2019

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledgethat anywillful faise statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documentsfiled in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers,or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is madein the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the applicationfile and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Aruna Kog nti Ze Date (Optional):Signature: VASA Eokhv
Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompanythis form or must have
been previouslyfiled. Use an additional PTO/AIA/O1 form for each additional inventor.

 

 

 
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The informationis required to obtain or retain a benefit by the public whichisto file (and
by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO.Timewill vary depending upon the individual case. Any
comments on the amountoftime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTOIMIAOT (06-42)
Approved for use trough tH@02020. OMB 6651-0032

US: Patentand Trademars Office; U.S. DEPARTMENT OF TOMMERSE

Under the Papenvark Reduction Act-of 1995, no-persans are required te respond to a collect i unless it displays a valid OMB control number.

DECLARATION (37 GFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 GFR 1.78)

  

 

 

   
 

  
 

 
 

 

 vne or |STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FORINJECTION AND
invention METHODS OF USE

 

Ag the below named inventor, L hereby declare that:

  
  
 
 
 
  
 

  
 
 

This declaration 1 ’ sanoticatior
‘s directed to: The atlached application, or

16/248460
ey United States appiivation or PCT international apalication number

January 15, 2019filed on 

The above-idantifiad application was made or authorized to-be made by me.

l) balleve that [amthe original inventor or art original joint inventor of a claimed invention in the application.

 | | hereby acknowledge that any willful false stalement madein this declaration is punishable under 18 U.S.C, 1004
| by fine er imprisonment of nol more than five (5) years, or both.

 

  
  
  
  
  

  
 
 
  
 

WARNING:

| Petitioner/applicantis cautioned to aveid submilting persanal infomation in decuments filed in a patent apolicalian that may
coninbute.to identity theft. Personal information such as social seourity numbers, bank accounl numbers, or credit card numbers

iother than & check or credit. card authorization forma PTO-2038 submited for payrnant purposes) is never required by the USPTO
io Support a petition or an application. if this type of personal Informatibn is Included in dacuments submitted te the USPTO:
netiioners/appli¢ants should consider redacting auch personal information from the documents betore submitting them to the
USPTO., Pelitionar/appiicant is advised that the record of apatent application is availatie to the public after publication of the

Lapplication (untess a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
| patent, Furthermore, the record fram an abandoned application may also be available to the public ifthe application is
i referenced in a published appiluatlcivor an issued patent (see 37 CFR 4.14), Checks.and credit card. authorization fonns
| PTO.2048 submitted for payment purposes are not retained in the application file and therefere are not publicly availabie,

LEGAL NAME OF INVENTOR

Phanash Koneru
Inventor: Date (Optional)

\ & a efx % ‘ Ysye te

Signature: YAbsant s A. 
  
  

Note: An application data sheal (PTO/SB/14. or aquivalent), including naming the entire inventive entity, must accorapany this forny or raust have
heen previously filed. Use.an additional PTO/AIAMG1 formfor each additional inventor.

 
 
  

This collection of informatio quired by-85 U.S.C. 18 and 87 CER 1.63, The infanmation ig raquiredto obtain or retain a ‘benefit by the public fand
by the USPTO tn process) an-applination, Contidentalily is govamed by 36 U.S.C. 122 and 47 CFRand 1, i4. This collection ls.astimated to fake 4 minute to
complete, including gathering, praparing, anc submitting the completed applisation tornria the USPTO, Time-will vary depending ugen the individual case. Any:
commenis-on the arnount. of time you require te complete this.form- and/or suggestions for. reducing this burden, should be-seni to the Chief information Offiese, UR,
Patent-and Trademark Office, U.S. Dapariment of Commerce, 7.0, Box 1456, Aloxandyia, VA 22313-1450, DO NOT. SEND FEES OR COMPLETED FORMS: TQ
THS ADDRESS. SEND: TO: Cammissioner for Patents, P.O. Bax 1450, Alexandria, VA 22343-4480,

you need agsistance in camplaticg the tory call -8G0-PTO-9 429. ang saisel option Z,
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UNITED StaTreS PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
APPLICATION FILINGor GRP AR’

NUMBER 371 (¢) DATE UNI FIL FEE REC'D ATTY.DOCKET.NO [TOT CLAIMS§IND CLAIMS

 
 

16/248,460 01/15/2019 1615 2080 066859/509450 CONFIRMATION NO.‘6641
826 FILING RECEIPT

BANKOFAMERIGAPLAZA NO040UULN
101 SOUTH TRYON STREET, SUITE 4000
CHARLOTTE, NC 28280-4000

Date Mailed: 02/07/2019

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy ofthis Filing Receipt with the
changesnotedthereon.If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
John Maloney,Salisbury, NC;
Aruna Koganti, Lenoir, NC;
Phanesh Koneru, Waxhaw, NC;

Applicant(s)
Exela Pharma Sciences, LLC, Lenoir, NC

Powerof Attorney: The patent practitioners associated with Customer Number 00826

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheetin order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Awww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/06/2019
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The country code and numberof your priority application, to be usedforfiling abroad under the Paris Convention,
is US 16/248,460

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No
Title

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF
USE

Preliminary Class

424

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies thefiling
of patent applications on the same invention in member countries, but does notresult in a grant of "an international
patent" and doesnoteliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidanceasto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 GFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be used at any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any waylessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (81 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplacein the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products,deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

APPLICATION AS FILED - PART|
(Golumn 1) (Column 2)

NUMBER FILED|NUMBER EXTRA
BASIC FEE
(37 CFR 1.18(a),(6), or (©)}
SEARCH FEE
(37 CFR 1.16(k), (i), or (m))
EXAMINATION FEE
(37 CFR 1.16(9), (p), or (q)}
TOTAL CLAIMS
(37 CFR 1.16(i))
INDEPENDENT CLAIMS
(37 CFR 1.16(h))

N/A

N/A

22

sf
If the specification and drawings exceed 100
sheets of paper, the application size fee due is
$310 ($155 for small entity) for each additional50 sheetsorfraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

minus 20 =

APPLICATIONSIZE
FEE
(37 CFR 1.16(s))

MULTIPLE DEPENDENT GLAIM PRESENT(37 CFR 1.16(j))

* |f the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

aa
Po

Application Size Fee (37 GFR 1.16(s))

(Column 1)
CLAIMS

REMAINING
AFTER

AMENDMENT

(Column 2)
HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

(Column 3)

Independent(37 CFR 1.16(h))AMENDMENTA
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

(Column 1)
CLAIMS

REMAINING
AFTER

(Column 2)
HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

(Column 3)

Total Minus
AMENDMENT

(37 CFR 1.16(i))
Independent

27 CFR 116%) fe
Application Size Fee (37 CFR 1.16(s})

MinusAMENDMENTB
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

SMALL ENTITY

SMALL ENTITY

ADDITIONAL
FEE($)

TOTAL
ADD'L FEE

ADDITIONAL
FEE($)

ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

* If the "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20".
*™* Ifthe "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".

The "Highest NumberPreviously Paid For" (Total or Independent)is the highest found in the appropriate box in column 1.

Application or Docket Number
16/248,460

OR
OTHER THAN

SMALL ENTITY

a
N/A

N/A

2

TOTAL

OTHER THAN
SMALL ENTITY

ADDITIONAL
FEE($)

TOTAL
ADD'L FEE

ADDITIONAL
FEE($)

TOTAL
ADD'L FEE
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

APPLICATION NUMBER FILING OR 371(C) DATE

  
FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

16/248,460 01/15/2019 John Maloney 066859/509450
CONFIRMATION NO. 6641

826 FORMALITIES LETTER
ALSTON & BIRD LLP

BANK OF AMERICA PLAZA MTTEAA0 010568
101 SOUTH TRYON STREET,SUITE 4000 0000
CHARLOTTE, NC 28280-4000

(YUU397

Date Mailed: 02/07/2019

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number andfiling date have been accordedto this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtainedbyfiling a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

«A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a cleanversion (without markings) as
set forth in 37 CFR 1.125(c) and a statementthat the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

«The application papers (including any electronically submitted papers) are not in compliance with 37 CFR
1.52 because pages 15 -16, 19, 66 - 68, 70 - 71 contain text that is unreadable orof insufficient clarity.
Application papers (including any electronically submitted papers) must be presented in a form having
sufficient clarity and contrast between the backgroundof the paper andthe writing thereon to permit the
Office to electronically reproduce the papers by useof digital imaging and optical character recognition.
See 37 CFR 1.52(a)(1)(v).

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies must be received in the USPTO within the set time period or mustinclude a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at htto:/Awww.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy ofthis notice.

Questions about the contents of this notice and the

requirementsit sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sibrahim/
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Attorney’s Docket No. 066859/509450 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Exela Pharma Sciences, LLC
Appl No.: 16/248,460 Confirmation No.: 6641
Filed: January 15, 2019 Group Art Unit: 1615
For: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION

AND METHODSOF USE

Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

In response to the Notice to File Corrected Application Papers dated February 7, 2019, enclosed
are the following:

 
 

Part 2 of Formalities Letter (not necessary when e-filing)
Declaration and Power of Attorney for the above-identified application, which has
been executed by the named inventor(s)

O Declaration of Inventors which has been executed by the named inventor(s) and
an Assignee Power of Attorney
Applicant claims small entity status

Check in the amount of to coverthefiling fee of and
the surcharge under 37 C.F.R.§ 1.16(f)
All fees are being authorized to be charged to Deposit Account No. 16-0605
whenelectronicallyfiling
English Translation and $130.00 (37 CFR 1.17())fee for filing late.
Other: Statement Under 37 CFR 1.125(b) and Substitute Specification (Clean and
mark-up)
Any deficiency, additional fee, or credit may be charged to our
Deposit Account No. 16-0605.

 
 

 
 

x]O  
x]

Respectfully submitted,

/Bryan L. Skelton/

Bryan L. Skelton
Registration No. 50,893

Customer No. 00826

ALSTON & BIRD LLP
Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Raleigh Office (919) 862-2200
Fax Raleigh Office (919) 862-2260
ELECTRONICALLYFILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT &
TRADEMARK OFFICE ON MARCH4,2019.
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SUBSTITUTE SPECIFICATION — MARKED Atty. Ref. No. 066859/509450

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND

METHODSOF USE

TECHNICAL FIELD

The subject matter described herein relates generally to compositions for parenteral

administration comprising L-cysteine that are stable and have desirable safetyattributes

for extended periodsoftime.

BACKGROUND

L-cysteine is a sulfur-containing amino acid that can be synthesized de novo

from methionine and serine in adult humans. L-cysteine performs a variety of

metabolic functions. For example, L-cysteine is involved in growth and protein

synthesis andit is a precursor for glutathione, an important intracellular antioxidant.

L-cysteine is generally classified as a non-essential amino acid or “semi-

essential” amino acid because it can be synthesized in small amounts by the human

body. However, some adults can still benefit from L-cysteine supplementation.

Further, L-cysteine has been classified as conditionally essential in some cases. For

example, L-cysteine can be conditionally essential in preterm infants due to

biochemical immaturity of the enzyme cystathionase that is involved in L-cysteine

synthesis. Thus, there are a number of circumstances in which L-cysteine

supplementation can be desirable.

The subject matter described herein addresses the shortcomings of the art by

providing L-cysteine compositions that facilitate the desired supplementation but

with an exceptional safety, purity and stability profile.

BRIEF SUMMARY

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:
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SUBSTITUTE SPECIFICATION — MARKED Atty. Ref. No. 066859/509450

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 part per billion (ppb) to about 250

ppb,

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace Oz that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

wherein the composition is enclosed in a single-use container having a volumeof

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb,

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;
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dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

optionally one or more metals selected from the group consisting of Lead from

about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic from

about 0.1 ppb to 10 ppb, and Mercury from about 0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about 1000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cysteine described herein; and an amino acid composition that is

essentially free ofL-Cysteine comprising one or more aminoacids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain aspects, the subject matter described herein is directed to a method of

reducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion having a volumeof about 100 mL to about 1000 mL,
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wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to

about 4-5 micrograms/kg/day.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain aspects, the subject matter described herein are directed to methods of

administering L-Cysteine together with a composition for parenteral nutrition, comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a preterm

infant or newborn to about 1 month of age. Someof these subjects may weigh from about

0.5 kilos to about 2.0 kilos. In another aspect, the subject is a pediatric patient that is of

about 1 month to six months of age. Some of these subjects may weigh from about 0.2

kilos to about 20 kilos. In another aspect, the subject is an adult requiring parenteral

nutrition.

These and other aspects are more fully described herein.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in attaining

reduced and consistent dissolved oxygen (DO) levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and
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finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction. This demonstrates the specific phase of manufacturing at which and to the

specific level that oxygen needs to be controlled in the product.

Figure 2 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in attaining

reduced and consistent dissolved oxygen (DQ) levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and

finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction.

Figure 3 depicts a processfiller set up to fill and reduce head space oxygen.

Figure 4 showsdata for the process of Example 4. The plot shows comparison of

oxygen headspace control between the lyophilizer chamber headspace control method

versus the high-speed filler vacuum stoppering system. The time zero oxygen headspace

results for the batch PROT-000213 are shown in comparison to the previously

manufactured lots. Results shown were measuredat the time of manufacturing on samples

of vials from the batches.

Figure 5 depicts the data measured for dissolved oxygen levels in the process of

Example 4.

DETAILED DESCRIPTION

The presently disclosed subject matter will now be described morefully hereinafter.

However, many modifications and other embodiments of the presently disclosed subject

matter set forth herein will come to mind to one skilled in the art to which the presently

disclosed subject matter pertains having the benefit of the teachings presented in the

foregoing descriptions. Therefore, it is to be understoodthat the presently disclosed subject

matter is not to be limited to the specific embodiments disclosed and that modifications

NexusEx. 1024

Page 141 of 466



Nexus Ex. 1024 
Page 142 of 466

10

15

20

25

SUBSTITUTE SPECIFICATION — MARKED Atty. Ref. No. 066859/509450

and other embodiments are intended to be included within the scope of the appended

claims. In other words, the subject matter described herein covers all alternatives,

modifications, and equivalents that are within the ordinary skill in the art. In the event that

one or more of the incorporated literature, patents, and similar materials differs from or

contradicts this application, including but not limited to defined terms, term usage,

described techniques, or the like, this application controls. Unless otherwise defined,all

technical and scientific terms used herein are intended to have the same meaning as

commonly understood by one of ordinary skill in this field. All publications, patent

applications, patents, and other references mentioned herein are incorporated by reference

in their entirety.

Advantageously, it has been found that the desirable attributes of L-cysteine

compositions for infusion can be obtained without the characteristic impurity profile that

is known in the art. Such impurity profile makes the product less safe to be used by

patients, in particular, preterm and term infants and pediatric patients of 1 month to 1 year

as well as critically ill adults. Specifically, the art formulations fail to address the issues

related to the amounts of Aluminum and cystine, among other impurities, that can be

routinely present and co-administered with L-cysteine. It has now been found that L-

cysteine compositions for injection can be prepared using the methods described herein

whereby the compositions unexpectedly comprise exceedingly low levels of Aluminum

and other undesirable impurities, such as cystine, pyruvic acid, certain heavy metals and

certain ions. As aresult, the present compositions and methods of using said compositions

are safer to the intended subject compared to the currently available compositions and

methods. Further, the product is also rendered more stable byvirtue of lower levels of

cystine generated by the manufacturing processes described herein.

As described herein, without being bound to theory, it has been found that the

problems of safety, purity and stability are results not simply or directly from the level of

Aluminum, but are also intertwined with dissolved oxygen levels in the composition and

oxygen in the headspace as well as certain heavy metals and certain ions that may leach or

be extracted out of the container closure.
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An L-Cysteine for injection product was prepared with the aim to provide a product

that would be acceptable for administration to infants, pediatric and adult patients. High

quality Schott glass vials and stoppers were used. See Example 2. It was however found

that glass containers contribute more significantly than expected to the Aluminum content

of L-cysteine compositions stored therein to the point where the product did not meet the

specifications for certain components. Products having such Aluminum levels would

likely be deemed unsafe by the FDA. Assuch, efforts were focused on identifying the

sources of Aluminum in the product and attempts to minimize it in the product. These

efforts led to the unexpected discovery that simply removing a source of Aluminum by

replacing glass with plastic did not result in a product having the desired properties.

Additional efforts to identify the root cause for the productfailure led to the finding

that the product likely failed because oxygen entered the plastic container and into the

product at a rate higher than previously expected or predicted. For example, the plastic

container product failed in somecasesin less than 1-2 months. See Example 3. This finding

wasalso unexpected. Increased oxygen levels in the product led to unacceptable levels of

oxidation products, such as cystine, which precipitated and caused particulates in the

product. Particulates are dangerousin injectable compositions and create a safety concern,

in addition to the stability issue to the product.

However, the precipitation may have been exacerbated by reduction in Aluminum

since Aluminum in solution may have a stabilizing effect. Consequently, removing

Aluminum may have the unintended consequence of increased precipitation and product

failure in the presence of even small amounts of oxygen in the container. This was

unexpected.

Additionally, controlling heat in the process including during the compounding

and/or sterilization activities, unexpectedly was found to be beneficial for preparing stable

L-Cysteine compositions described herein. This was surprising because L-Cysteine has

been used in parenteral products as an excipient where the product is subjected to terminal

sterilization which exposesthe product to high temperatures such as 120 °C.

NexusEx. 1024

Page 143 of 466



Nexus Ex. 1024 
Page 144 of 466

10

15

20

SUBSTITUTE SPECIFICATION — MARKED Atty. Ref. No. 066859/509450

Some subjects that would be receiving L-Cysteine supplementation are, as

discussed elsewhere herein, pre-term neonates or full-term infants that are underweight, or

infants that may be full term and are not underweight but are still candidates for treatment,

in many cases for longer term treatment. For example, some of these subjects may be

treated with L-Cysteine for several days or several weeks, even several months. In these

cases, 1t is imperative that the subjects are not exposed to potentially toxic or undesirable

levels of some anions and heavy metals that maybe present in drug products. Examples of

such heavymetals include but not limited to Lead, Nickel, Arsenic and Mercury. Examples

of anions that should be monitored include but not limited to iodide, and fluoride. Many

of these are introduced into drug products through manufacturing processes, container

closure systems, or the drug substance and the excipients. The levels of the heavy metals

and anions may not be a concern with many drug products becausethe patient population

exposed to the drug may be not as vulnerable as in the case of L-Cysteine, or the dosing of

such drug products may be very limited, i.e., for one or a few doses. For the reasons noted

above, it is imperative that L-Cysteine drug product, its administration, its manufacture,

and its container closure system are carefully evaluated for the levels of heavy metals and

selected anions. Thestate of the art is lacking in providing any specific guidance on the

need for this evaluation, the specific heavy metals and anions on which to focus, and how

to achieve control over the levels. The L-Cysteine compositions, methods of

administration and manufacture, selection of container closure system and the excipients

and the drug substance as describedhereinfill that need.

Thus, in summary,as described herein, reducing aluminum drastically to extremely

low levels in the product, reducing oxygen to very low levels in the process and in the

composition, and/or reducing or eliminating heat in the process, and in consideration of

data showing selection of the appropriate container, stopper, drug substance, and

excipients, individually or in combination(s), resulted in achieving a safe, stable

composition of L-Cysteine injection that could be administered safely even to very delicate

pediatric subjects such as pre-term neonatal subjects that are as young as a day and may

weigh as low as 0.5 kilos, for a few days to several weeks.
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L-cysteine for injection is a marketed product used as a componentofa nutritional

supplement regimenreferred to as total parenteral nutrition (TPN). The Aluminum content

in known L-cysteine compositions for injection is higher than desired. Moreover, when

the L-cysteine composition is combined with certain amino acids prior to administration,

the amino acids contribute some amount of Aluminum, and Aluminum levels can further

increase. TPN admixtures constitute several other components (in addition to amino acid

mixtures) such as electrolytes (such as Potassium Phosphate, Calcium gluconate, and

sodium acetate). These electrolytes may also contribute to high Aluminum levels in TPN

admixtures (Smith et al., Am. J. Health Syst. Pharm., vol. 64, April, 1, 2007, pp. 730-739).

This is of particular concern since administration of the L-cysteine is often to infants (some

of them pre-term) for nutritional support. A focus of the subject matter described herein is

in minimizing the Aluminum levels coming from L-Cysteine compositions so that when

admixed with other ingredients of TPN admixtures, the overall Aluminum levels could be

reduced while minimizing introduction of undesirable materials such as heavy metals,

anions, and particulates. All of these components are present in amounts that are below

levels determined to be safe.

L-cysteine (2-Amino-3-sulfhydrylpropanoic acid} is a sulfur-containing amino

acid having a structure according to FormulaI:

OQ

HS OH

L-cysteine performs a variety of metabolic functions. For example, L-cysteine is a

precursor for antioxidants, such as glutathione andtaurine, that support oxidative defense

and a healthy immune system. L-cysteine can also play a role in the synthesis of essential

fatty acids and facilitate production of cell membranes and protective covers of nerve

endings. Additionally, L-cysteine can be an important precursor for many proteins, such

as structural proteins in connective tissue. Thus, the depletion or absence of cystathionase

activity in premature fetuses and newbornsto synthesize L-cysteine de novo hasled to the
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categorization of L-cysteine as a conditionally essential amino acid. Additionally,

administration of L-cysteine can be valuable to treat a number of conditions in subjects,

whetheror not the subject is a premature infant or neonate.

Known pharmaceutical compositions that contain L-cysteine can typically contain

undesirable levels of certain components. Cystine is an oxidation product of L-cysteine.

Like L-cysteine, cystine can be synthesized in the liver. Further, both L-cysteine and

cystine can be present as amino acid residues in proteins. However, because cystine is an

oxidation product of L-cysteine, it is possible that the amount of cystine can increase over

time. Thus, it may be desirable to maintain the amount of cystine within predetermined

levels over time. Forall practical purposes, cystine and L-Cystine are used interchangeably

herein. Pyruvic acid is another undesirable compound that can be found in L-cysteine

compositions knownin the art. It is possible that the amount of pyruvic acid in these

compositions can increase over time. Thus, it may be desirable to maintain the amountof

pyruvic acid within predeterminedlevels over time.

Perhaps of most concern is the level of Aluminum in known L-cysteine

compositions. Aluminum contamination and associated Aluminum toxicity can lead to a

number of adverse conditions such as metabolic bone disease, neurodevelopmental delay,

cholestasis, osteoporosis, growth failure, dementia, and the like. It is desirable to allow no

more than 4-5 mcg/kg/day of Aluminum to avoid toxicity. It is preferable to keep the dose

on the conservative side as much as possible, i.e., at 4 mcg/kg/day to avoid accidental

overdosing in case Aluminum from some other reason (unanticipated or unknown source

or due to humanerror) is introduced. Up to now, known L-cysteine compositions contain

up to 5000 ppb Aluminum. Even levels of 900 ppb are known in currently available

products. In stark contrast, described herein are compositions that provide a therapeutically

effective amount of L-cysteine, while containing less than 250 ppb Aluminum,including,

in certain embodiments, less than 200 ppb, or less than 175 ppb, or less than 150 ppb, or

less than 125 ppb, or less than 120 ppb, or less than 100 ppb, or less than 80 ppb, or less

than 75 ppb, or less than 60 ppb, or less than 50 ppb, or less than 40 ppb, or less than 30

ppb, or less than 20 ppb, or less than10 ppb, or less than 5 ppb, or less than 1.0 ppb. Thus,

what has now been achieved is an unexpected and substantial reduction in Aluminum
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content of an L-Cysteine composition that permits exposure to less than or equal to 4-5

microgramsper kilogram per day (ug/kg/d) to avoid or minimize Aluminum toxicity while

still providing therapeutically effective L-cysteine in a stable composition. In some aspects,

the compositions described herein permit an Aluminum dose of as low as 0.6

micrograms/kg/d, improving significantly the safety of the L-Cysteine product and its

administration.

High risk patient populations for Aluminum toxicity in the context of parenteral

nutrition include the following: Renal Insufficiency and Infants: Renal elimination is a

major source ofAluminum removal. Therefore, patients with renal compromise and infants

with immature renal function are at risk of Aluminum accumulation. Pregnant women:

The fetus is vulnerable to Aluminum contamination in parenteral nutrition since Aluminum

may be transferred across the placenta. Elderly: Age is a well-knownrisk factor for renal

impairment and thusresults in a higher risk of Aluminum toxicity. Other studies suggest

that Aluminum toxicity may be due to increased absorption of Aluminum due to a

weakened GI protective barrier.

The compositions and methods described herein provide the means to support the

nutritional needsofpatients, including preterm infants or infants with low birth weight, but

reducethe risks associated with Aluminum ingestion. Most preterm and low birth weight

infants tend to require parenteral nutrition with amino acid supplementation during their

hospital stay. However, as mentioned above,infants are a particularly high-risk population

for Aluminum toxicity. To address such issues, in certain embodiments, the compositions

comprise about 34.5 mg/mL of L-cysteine (measuredas a base,1.e., not measured as HCI

and monohydrate) and no more than 250 ppb, preferably about 120 ppb, or lower, of

Aluminum. These compositions with no more than 120 ppb of Aluminum,andin certain

embodiments, about 120 ppb, or 100 ppb, or 80 ppb, or 60 ppb, or 50 ppb, or 20 ppb, or 10

ppb or 5 ppb or 1.0 ppb, or any suitable subrange encompassingthe specific values,in units

of 5 ppb, permit great flexibility with respect to the amino acid supplementation for TPN

preparations.

ll
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L-Cysteine injection is administered after being added to a parenteral nutrition

composition such as an amino acid composition, or a sugar-source such as dextrose or a

lipid source or a combination of the foregoing. It is preferred that L-Cysteine is added to

the amino acid composition, which may be administered separately or in combination with

other components of a parenteral nutrition regime such as sugars and lipids. For present

purposes, the Aluminum content of the combined L-Cysteine and amino acid solution is of

interest, and is monitored. L-Cysteine may be dosed at 15 mg per gram of amino acids or

sometimesat a high concentration,i.e., 40 mg/gram of aminoacids.

Commercially available amino acid product labeling for example indicates that 25

meg/L of Aluminum is contributed from the product itself. The general recommended

maximum doseis 4 g of amino acids/kg body weight. Generally amino acids solutions are

available as 10% (10 g/100 mL) which would necessitate 40 mL volumeto be administered

for a 1 kg preterm neonatal patient. Based on this the amino acids solution is expected to

contribute to about 1 mcg/kg/day. This leaves about 3 mcg/kg/day from other sources

including L-cysteine. In some scenarios, there may be five or more other components

including L-cysteine that can contribute to varying levels of Aluminum in TPN mixtures.

Forthe sake of illustration, assumethere are five contributors that contribute equally. The

expected maximum Aluminum contribution that may come from L-Cysteine would be (3

mceg/kg/day)/5 = 0.6 mcg/kg/day. In light of Smith et al. (Am. J. Health Syst. Pharm., vol.

64, April, 1, 2007, pp. 730-739), significant contributors to Aluminum levels besides amino

acids and L-Cysteine are Potassium Phosphate, Potassium Acetate, Sodium Acetate, and

Calcium Gluconate. The reference indicates that contributions from all of these are high

such that 100% of pediatric (including preterm and full-term infants) TPNs have >4

ug/kg/day (range 12 — 162 ug/kg/day) of Aluminum coming from various sources. Even

after carefully selecting the products with the least Aluminum content components among

those available for treatment, the TPNs have > 4 ug/kg/day. This finding for example

highlights the need to systematically reduce the amount of Aluminum in each productthat

will be incorporated into a TPN admixture. The current efforts are directed to providing L-

Cysteine compositions that offer exceedingly low Aluminum levels.
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Oneofthe difficulties with establishing dosing levels of L-Cysteine with an eye to

keep the Aluminum administration to below or at a certain amountis the lack of uniformity

in the art as to how to categorize the subjects in terms of their age and weight. This

imprecise terminology has been used often blurring the boundaries among the patient

groups, making it difficult to assess which patient should receive what amount of L-

Cysteine, and hence how much Aluminum would result. As such, the art does not suggest

what the levels of Aluminum exposure should be, nor does it provide a solution that

minimizes Aluminum exposure during a TPN regimen. Following Table 1 shows a

streamlined approach to categorize the potential patient population and their proposed daily

doses of L-Cysteine.

Table 1. Daily Dosage of L-Cysteine

L-Cysteine
Protein® Dosage

Requirement L-Cysteine Dosage (mg
Age (g/kg/day)! (mg cysteine/g AA)|cysteine/kg/day)

Preterm and term infants less than 1 month 3 to 4 45 to 60

of age

Pediatric patients 1 monthto less than 1 2to3 30 to 45
year of age

“et

Pediatric patients 12 years to 17 years of 0.8 to 1.5
age

Adults: Stable Patients 0.8 to 1

“Protein is provided as amino acids. Wheninfused intravenously, amino acids are metabolized and utilized as the building blocks of
protein.

4to 7.5 
From the above Table, it should be noted that the most need for L-Cysteine is for

the preterm infant. Therefore, to safely administer L-Cysteine compositions, the Aluminum

level in the compositions must be substantially less than what is in commercially available

products and those described in the art. There has been no specific guidance in the art

howeverofhow low this Aluminum level should be, and how to achieve compositions with

such low Aluminum levels. To the extent there may be some guidance,the levels proposed

are considered higher than desirable.
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L-Cysteine Injection as presented herein in some embodiments contains no more

than 120 mcg/L (120 ppb) of aluminum (0.0035 mcg of aluminum/mgof cysteine). The

maximum dosage of aluminum from L-Cysteine Injection is not more than 0.21

mcg/kg/day when preterm and term infants less than 1 month of age are administered the

dosage of L-Cysteine injection (15 mg cysteine/g of amino acids and 4 g of amino

acids/kg/day). IfL-Cysteine is added to TPN containing aminoacid and dextrose solutions

(which each may contain up to 25 mcg/L of aluminum) as well as other additive drug

products,the total amount of aluminum administeredto the patient from the final admixture

should be considered and maintained at no more than 5 mcg/kg/day.

However, with prolonged parenteral administration in patients with renal

impairment, the aluminum contained in L-Cysteine Injections disclosed herein may reach

toxic levels. Preterm infants are at a greater risk for aluminum toxicity because their

kidneys are immature, and they require large amounts of calcium and phosphate solutions,

which also contain aluminum. Prolonged administration herein may mean at least one

week, or may be up to 2-4 weeks. In someaspects, the administration could continue for

up to 24 weeks.

Patients with renal impairment, including preterm infants, who receive parenteral

levels of aluminum at greater than 4 to 5 mcg/kg/day, accumulate aluminum at levels

associated with central nervous system and bonetoxicity. Tissue loading may occurat even

lower rates of administration. Therefore, it is essential that aluminum levels in the L-

Cysteine drug product are carefully controlled and kept at as low as possible. Such

embodimentsare disclosed herein.

Looking more specifically at contribution of Aluminum bythe prior products, data

show that the Aluminum levels of 5,000 ppb or even the 900 ppb associated with these

products are not desirable or acceptable. Tables 2-3 report the Aluminumcontribution from

the commercial product of prior art with 900 ppb or 5000 ppb Aluminum level based on

two scenarios: a) an L-Cysteine dosing regimen based on 15 mg/gram of aminoacids; and

b) an L-Cysteine dosing regimen based on 40 mg/gram of amino acids. The Tables also
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show the Aluminum contribution from an L-Cysteine product as described herein and

having a level of 120 ppb.

Table 2. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum
 

 
 

 

L-Cysteine Dose at|Aluminum

  
   

 
 

(15 mg/g AA) Contribution|Contribution|Contribution
from 900 ppb|from _5.000|from 120 ppb
product ppb| product

/kgiday|meg/kg/day|mes/kg/day|
Preterm and 1.18 to 1.57|6.53 to 8.70|0.157 to

term infants 0.209
lessthan1

month

Pediatric 30 to 45 . 0.79to 1.17|4.35 to 6.52|0.1 to 0.157

patients|
month to less

than 1 yr

Pediatric 15 to 30 0.44 to 0.40 to 0.79|2.18 to 4.35|0.053 to 0.1

patients | yr 0.87
to11yrs
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Pediatric 4to75 0.18to O.1lto0.20|O58to1.09|0.022 to
patients12 yrs 0.22 0.026
to 17 yrs

Adults: Stable 0.11to0.14|0.58to0.73|0.022 to

Patients 0.23 0.028
Adults: . 0.2to 0.28|102to146|0.038 to

Critically ill 0.46 0.055
atients

  
Table 3. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum

 

 
  
 

L-Cvysteine Dose at

(40 mg/g AA) Contribution|Contribution Contribution
from __—900|from 5,000 ppb|from 120 ppb
ppb product|product product

mg/kg/day|mL/kg/day|meg/kge/day|mcg/ke/day mecg/kg/day
Preterm and 120 to 160|3.48 to|3.13 to4.17|17.39 to 23.19|0.42 to 0.56

term infants less

than 1 month

Pediatric 80 to 120 . to|2.09 to 3.13|11.59 to 17.39|0.28 to 0.42

paticnts 1 month
to less than | yr
Pediatric 40 to 80 . 1.05 to 2.09|5.79to 11.59|0.14 to 0.28

patients | yr to
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Pediatric 10.66to} Q031to|0.28to0.53|156to2.94 0.04to0.07
patients12 yrs 20 0.58
to 17 yrs

Adults:Stable Q31to|0.28to0.35|1.56to1.94 0.04to0.047

Patients 13.33 0.39
Adults: . 5 to|0.49 to 0.70|2.72 to 3.89 0.065 to 0.09

Criticallyill
atients

  
If the preterm infants are given the high dose of L-cysteine (40 mg / gram of amino

acids), this requires that a dose of 160 mg/kg (4.64 mL/kg) of L-Cysteine at a (base)

concentration of 34.5 mg/mL be delivered. (See Table 3 above). The compositions

described herein contribute about 0.0035 mcg Aluminum per each mg of L-cysteine, or

0.12 meg of Aluminum per each mL at 120 ppb. Thus, a dose of 160 mg/kg (4.64 mL/kg)

L-cysteine delivers only 0.56 mcg/kg Aluminum at 40 mg/g of AA dosing on the higher

end, or 0.157 meg/kg at 15 mg/g of AA dosing on the lower end. See Tables 2-3. In

contrast, if art products were to be used, these patients would receive either 23 mcg/kg (for

the product that contains 5,000 ppb of Aluminum), or 4.2 mceg/kg of aluminum (for the

product that contains 900 ppb of Aluminum). Given that the total daily intake permissible

for Aluminum is expected to be ideally less than 4-5 mcg/kg, the art products already

exceed the entire daily Aluminum level and do not leave room for Aluminum contribution

from other TPN components. Therefore, these known high Aluminum-containing products

are likely to be deemed unsafe by the FDA andare neither desirable nor acceptable. In

contrast, the L-Cysteine compositions presented herein provide Aluminum levels ranging

from 10 ppb to about 250 ppb. Taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb asillustrations,

the Tables below estimate the amount of Aluminum delivered for each class of patients

using 34.5 mg/mL L-Cysteine product when being dosed at 15 mg/g of Amino Acids.

Table 4. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum
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Dose at|Contribution|Contribution|Contribution|Contribution

15mg/g AA|from 20 ppb|from 50 ppb|from 120 ppb|from 150 ppb
product product product

mg/kg/day|mcg/ke/day|mcg/ke/day|mcg/ke/day|mcg/ke/day
Preterm 45 to 60 0.026 to 0.065 to 0.157 to 0.195 to

andterm 0.035 0.088 0.209 0.26
infants less

than1
month

Pediatric 30 to 45 0.043 to 0.1 to 0.157|0.13 to

patients 1 0.065, 0.195
month to

less than 1

Pediatric

patients |
to ll yrs

Pediatric

patients12
yrs to 17
tS

 
0.009 to

0.017

0.022 to

0.044
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Adults: 4to5 0.004 0.009to 0.022to 0.027to
Stable 0.12 0.028 0.035
Paticnts

Adults: 7 to 10 0.006 to 0.016 to 0.038 to 0.048 to

Critically 0.009 0.23 0.055 0.069

 
ill patients

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 45 to 60 mg/kg/day of L-Cysteine and from about 0.02 to

about 0.3 meg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 30 to 45 mg/kg/day of L-

Cysteine and from about 0.01 to about 0.25 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 15 to 30 mg/kg/day of L-Cysteine and from about 0.005 to about 0.15

meg/kg/day of Aluminum.

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to

about 0.04 meg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 4 to 5 mg/kg/day of L-

Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 7 to 10 mg/kg/day of L-Cysteine and from about 0.004 to about 0.08 mcg/kg/day

of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 45 to 60 mg/kg/day of L-Cysteine and from about 0.02

to about 0.3 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 1 month to less than 1 year of age a parenteral L-

Cysteine composition that delivers 30 to 45 mg/kg/day of L-Cysteine and from about 0.01

to about 0.25 mcg/ke/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises
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administering to pediatric patients 1 year to 11 years of age a parenteral L-Cysteine

composition that delivers 15 to 30 mg/kg/day ofL-Cysteine and from about 0.005 to about

0.15 meg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

composition that delivers 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to about

0.04 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 4 to 5 mg/kg/day of

L-Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum, admixed with a

parenteral nutrition composition. In some embodiments, a method of safe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-

Cysteine composition that delivers 7 to 10 mg/kg/day of L-Cysteine and from about 0.004

to about 0.08 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Further, taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb asillustrations, the Tables

below estimate the amount of Aluminum delivered for each class of patients using 34.5

mg/mL L-Cysteine product when being dosed at 40 mg/g of Amino Acids.

Table 5. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum
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0-O4+6 905-+e

0-047 9059.
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Age L-Cysteine|Aluminum Aluminum Aluminum Aluminum
Dose at 40|Contribution|Contribution|Contribution|Contribution

mg/g AA from 20 ppb|from 50 ppb|from 120 ppb|from 150 ppb
product product product

||mg/kg/day|meg/kg/day|meg/kg/day|meg/ke/da
Preterm 120 to 160|0.07 to 0.09 0.42 to 0.56|0.525 to 0.7

and term

infants less

than 1

month

Pediatric 80 to 120 0.28 to 0.42|0.35 to

patients 1 0.525
month to

less than 1

VI
Pediatric 40 to 80 0.14 to 0.28|0.175 to

patients | 0.35,

Pediatric 0.04 to 0.07|0.05 to

patients 12 0.088
yrs to 17
yis
Adults: 0.04 to 0.05 to

Stable 0.047 0.059
Patients

Adults: . 0.065 to 0.081 to

Critically—|26.7 0.015 0.038 0.09 9.113
ill patients

  
  

  

   
 

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 120 to 160 mg/kg/day of L-Cysteine and from about 0.05
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to about 0.8 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 80 to 120 mg/kg/day of L-

Cysteine and from about 0.03 to about 0.6 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 40 to 80 mg/kg/day of L-Cysteine and from about 0.01 to about 0.4 mcg/kg/day

of Aluminum.

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 10 to 20 mg/kg/day of L-Cysteine and from about 0.005

to about 0.1 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 10 to 15 mg/kg/day of L-

Cysteine and from about 0.005 to about 0.06 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver about 18 to 28 mg/kg/day of L-Cysteine and from about 0.01 to about 0.15

meg/kg/day of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 120 to 160 mg/kg/day of L-Cysteine and from about

0.05 to about 0.8 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administering to pediatric patients 1 month to less than | year of age a parenteral

L-Cysteine composition that delivers 80 to 120 mg/kg/day of L-Cysteine and from about

0.03 to about 0.6 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administering to pediatric patients 1 year to 11 years of age a parenteral L-

Cysteine composition that delivers 40 to 80 mg/kg/day of L-Cysteine and from about 0.01

to about 0.4 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

composition that delivers 10 to 20 mg/kg/day ofL-Cysteine and from about 0.005 to about
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0.1 meg/kg/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 10 to 15 mg/kg/day

ofL-Cysteine and from about 0.005 to about 0.06 mcg/kg/day of Aluminum, admixed with

a parenteral nutrition composition. In some embodiments, a method of safe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-

Cysteine composition that delivers 18 to 28 mg/kg/day of L-Cysteine and from about 0.01

to about 0.15 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Accordingly, what is provided herein, among other things, are therapeutically

and/or nutritionally effective amounts of L-cysteine with significantly minimized risk of

Aluminum toxicity.

I. Definitions

Asused herein, the term “stable” refers to a composition that has the component

profiles described herein, for example, Aluminum, L-Cystine, and pyruvic acid, at the

levels described and for the amount of time identified. In other words, a stable composition

will contain the specified levels of all components for sufficient period of time to enable

the composition to be commercially manufactured, stored, shipped, and administered in a

clinical setting. In general, products are considered stable if the period of time is three

months, or three to six months, or three to 12 months, or three to 15 months, or three to 18

monthsor three to 24 months.

As used herein, the term “dissolved oxygen” refers to oxygen that is found in the

aqueouscarrier of the compositions. Distinguished from dissolved oxygen is the headspace

oxygen. As used herein, the term “headspace oxygen”refers to the oxygen that is found

in the headspace volumeofthe sealed container comprising the composition.

As used herein, the term “cystine precipitate” refers to undissolved L-cystine. The

undissolved cystine may be visually detected as particulate matter in solution.
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As used herein, “subject” refers to a mammal that may benefit from the

administration of a composition described herein. In one aspect, the mammal may be a

human.

The term “prophylaxis” or “prophylactic” refers to the continued absence of

symptomsofthe disease or condition that would be expected had the combination not been

administered.

As used herein, the terms “formulation” and “composition” are used

interchangeably andrefer to a mixture of two or more compounds, elements, or molecules.

In some aspects, the terms “formulation” and “composition” may be used to refer to a

mixture of one or more active agents with a carrier or other excipients. Compositions can

take nearly any physical state, including solid and/orliquid (i.e. solution). Furthermore,

the term “dosage form”can include one or more formulation(s) or composition(s) provided

in a form suitable for administration to a subject. As used herein, the term “compositions

for injection” and the like, refers to a composition that is intended for injection, including

dilution and admixing with other components prior to injection. Said injection may be

administered as an intravenous injection, or as an intravenous infusion. When administered

as infusions, the compositions may be administered through a peripheral vein in limited

circumstances or more commonly througha central vein. Oneofskill in the art would have

experience with such administrations.

As used herein, “effective amount” refers to an amountof an ingredient, such as

L-cysteine, which, when included in a composition,is sufficient to achieve an intended

compositional or physiological effect. Thus, a “therapeutically or nutritionally effective

amount” refers to a non-toxic, but sufficient amount of an active agent, to achieve

therapeutic or nutritional results in treating or preventing a condition for which the active

agent is knownto be effective or providing nutritional value to prevent effects of

malnutrition. It is understood that various biological factors mayaffect the ability of a

substance to perform its intended task. Therefore, an “effective amount” or a

“therapeutically or nutritionally effective amount” may be dependent in someinstances

on such biological factors. Additionally, in some cases an “effective amount” or a
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“therapeutically or nutritionally effective amount” may not be achieved in a single dose.

Rather, in some examples, an “effective amount” or a “therapeutically or nutritionally

effective amount” can be achieved after administering a plurality of doses over a period

of time, such as in a pre-designated dosing regimen. Further, while the achievement of

therapeutic/nutritional effects may be measured by a physician or other qualified medical

personnel using evaluations knownin theart, it is recognized that individual variation

and response to treatments may make the achievementof therapeutic or nutritional effects

a subjective decision. The determination of an effective amount is well within the

ordinary skill in the art of pharmaceutical and nutritional sciences as well as medicine.

As used herein, the term “substantially” refers tothe complete or nearly

complete extent or degree of a component, or an action, characteristic, property, state,

structure, item, or result. The exact allowable degree of deviation from absolute presence

of such a component, or an action, characteristic, property, state, structure, item, or result

may in some cases depend on the specific context. However, generally speaking,

“substantially” will be so near as to have the same overall result as if absolute and total

extent or degree were obtained. The use of “substantially” is equally applicable when used

in a negative connotation to refer to the complete or near complete lack of a component, or

an action, characteristic, property, state, structure, item, or result. For example, a

composition that is “substantially free of a component would either completely lack the

component, or so nearly completely lack the componentthat the effect would be the same

as if it completely lacked the component. In other words, a composition that is

“substantially free of’ an ingredient or element maystill actually contain such component

as long as there is no measurable effect thereof, for example, trace amounts. As used

herein, “essentially free’ means a component, or an action, characteristic, property, state,

structure, item, or result is not present or is not detectable.

The terms “treat” and “treatment” refer to both therapeutic treatment and

prophylactic or preventative measures, wherein the object is to prevent or slow down

(lessen) an undesired physiological change, disorder or adverse health condition. For

purposesofthis disclosure, beneficial or desired clinical results include, but are notlimited

to, alleviation of symptoms, diminishment of extent of the condition, stabilized (/.e., not
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worsening) state of the condition, delay or slowing of progression of the condition,

amelioration or palliation of the condition, and absence of condition (whether partial or

total), whether detectable or undetectable. “Treatment” can also mean prolonging survival

as compared to expected survival if not receiving treatment. Those in need of treatment

include those already with the condition or disorder as well as those prone to have the

condition or disorder or those in which the condition or disorderis to be prevented.

The term “pharmaceutically acceptable salts” denotes salts which are not

biologically or otherwise undesirable. Pharmaceutically acceptable salts include both acid

and base addition salts. The phrase “pharmaceutically acceptable” indicates that the

substance or composition must be compatible chemically and/or toxicologically, with the

other ingredients comprising a formulation, and/or the mammal being treated therewith.

The phrase “pharmaceutically acceptable salt,” as used herein, refers to pharmaceutically

acceptable organic or inorganic salts of a molecule. A pharmaceutically acceptable salt

may involve the inclusion of another molecule that acts as a counterion. The counterion

may be any organic or inorganic moiety that stabilizes the charge on the parent compound.

Furthermore, a pharmaceutically acceptable salt may have more than one charged atom in

its structure. Hence, a pharmaceutically acceptable salt can have one or more charged

atoms and/or one or more counterions. In the case of L-cysteine, the hydrochloride salt

form is preferred.

The phrase “single-use container” refers to a sealed pharmaceutically prepared

container holding a drug product in a sterile environment that is intended to be used in a

single operation oftransferring the entire contents or substantially entire contents, wherein

the transfer operation spans no more than 10-12 hrs, but often less than 8 hrs, or even six

hours. It should be recognized that the single-use container is generally preservative-free

and that if multiple transfers are attempted, they should be completed in a short duration,

i.e., less than about 8-10 hrs from the first breach of the sterile environment. In some

aspects the single-use container may be used to administer all of its contents to one subject

in need thereof. In some aspects the single-use container may be used to administerits

contents to more than one subject in need thereof.
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As used herein, the term “mixing”refers to admixing, contacting, blending,stirring

or allowing to admix, mix, blend, stir and the like.

As used herein, the term “safe” refers generally to a property of the compositions

and methods described herein relative to art method and compositions and/or to FDA

regulatory determination of the compositions and methodsas part of a therapeutically or

nutritionally effective regimen. For example, with respect to known L-Cysteine

compositions, an Aluminum level of greater than 300 ppb would be generally considered

to render the L-Cysteine product unsafe. Other examples with respect to safety are

described and discussed herein with respect to Aluminum, pyruvate, Cystine, heavy metals,

anions, and particulates.

Additional definitions are provided herein where appropriate.

IL. Compositions

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about | month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

wherein the composition is enclosed in a single-use container having a volumeof

from about 10 mL to about 100 mL.
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In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;

Aluminum (AJ) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace Oz that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

optionally present can be one or more metals selected from the group consisting of

Lead from about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic

from about 0.1 ppb to 10 ppb, and Mercury from about 0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

The Aluminum in a composition can be determined using any known

analytical method, such as those required by FDA regulations, and can include atomic

absorption and mass spectrometry. In certain embodiments, the Aluminum that is present

in the compositions is present in an amount from about 1.0 ppb to about 250 ppb, or from

about 1.0 ppb to about 180 ppb, or from about 1.0 ppb to about 170 ppb, or from about 1.0

ppb to about 160 ppb, or from about 1.0 ppb to about 150 ppb, or from about 1.0 ppb to

about 130 ppb, or from about 1.0 ppb to about 100 ppb, or from about 1.0 ppb to about 50

ppb, or from about 1.0 ppb to about 20 ppb.
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In some embodiments the L-Cysteine and Aluminum areat a ratio of from about

35 million:1 (i.e., about 35 million units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum areat a ratio of about 4 million:1. In some

embodiments the L-Cysteine and Aluminum areat a ratio of about 1.8 million:1 (i.¢., about

1.8 million units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminum are at a ratio of about 700,000:1 (1.e., about 700,000 units of L-

Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine and Aluminum

are at a ratio of about 300,000:1 (i.e., about 300,000 units of L-Cysteine to 1 unit of

Aluminum). In some embodiments the L-Cysteine and Aluminumareat a ratio of about

230,000:1 (i.e., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum areat a ratio of about 170,000:1 (i.e., about

170,000 units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine

and Aluminum are at a ratio of about 140,000:1 (i.e., about 140,000 units of L-Cysteine to

1 unit of Aluminum).

Thus, in some embodiments the L-Cysteine and Aluminum are at a ratio of from

about 35 million:1 (i.e., about 35 million units of L-Cysteine to | unit of Aluminum) to

about 1.8 million:1 (.e., about 1.8 million units of L-Cysteine to 1 unit of Aluminum). In

some embodiments the L-Cysteine and Aluminum are at a ratio of from about 4 million:1

(i.e., about 4 million units ofL-Cysteine to | unit ofAluminum) to about 1.8 million:1 (i.e.,

about 1.8 million units ofL-Cysteine to 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminumare at a ratio of from about 1.8 million:1 (.e., about 1.8 million

units of L-Cysteine to | unit of Aluminum) to about 700,000:1 (.e., about 700,000 units

of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine and

Aluminum are at a ratio of from about 700,000:1 (i.e., about 700,000 units of L-Cysteine

to 1 unit of Aluminum) to about 300,000:1 (i.e., about 300,000 units of L-Cysteine to 1

unit of Aluminum). In some embodiments the L-Cysteine and Aluminum areat a ratio of

from about 300,000:1 (.e., about 300,000 units of L-Cysteine to 1 unit of Aluminum) to

about 230,000:1(i.¢., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum are at a ratio of from about 230,000:1 (.e.,

about 230,000 units of L-Cysteine to 1 unit of Aluminum) to about 170,000:1 (1.e., about
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170,000 units of L-Cysteine to | unit of Aluminum). Thus, in some embodiments the L-

Cysteine and Aluminum areat a ratio of from about 170,000:1 (i.e., about 170,000 units of

L-Cysteine to 1 unit of Aluminum) to about 140,000:1 (.e., about 140,000 units of L-

Cysteine to 1 unit of Aluminum). All subranges and individual values with increments of

5,000 units are contemplated by the present disclosure. In some embodiments, the unit of

measure is nanograms. For example, in some embodiments the L-Cysteine and Aluminum

are at a ratio of from about 4 million:] nanograms (.e., about 4 million nanogramsof L-

Cysteine to 1 nanogram of Aluminum) to about 1.8 million:1 nanograms(1.¢., about 1.8

million nanograms of L-Cysteine to 1 nanogram of Aluminum).

In certain embodiments, the compositions comprise Aluminum in trace amounts,

for example 1.0 ppb, but not more than 250 ppb after storage at ambient temperature for a

period of 12 months or less, where the Aluminum comprises, from about 1.0 ppb to about

100 ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of

Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppb of Aluminum

from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the compositions comprise Aluminum in an amount not

more than 200 ppb after storage at ambient temperature for a period of 12 months, wherein

the Aluminum comprises, from about 1.0 ppb to about 100 ppb of Aluminum from the

container, from about 1.0 ppb to about 100 ppb of Aluminum from a cap of the container,

from about 1.0 ppb to about 100 ppb of Aluminum from the L-cysteine, and from about

1.0 ppb to about 20 ppb of Aluminum from the water. In certain embodiments, the

compositions comprise Aluminum in an amount not more than 200 ppb after storage at

ambient temperature for a period of 6 months, where the Aluminum comprises, from about

1.0 ppb to about 100 ppb of Aluminum from the container, from about 1.0 ppb to about

100 ppb of Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppm

of Aluminum from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum

from the water. In certain embodiments, the compositions comprise Aluminum in an

amount not more than 200 ppb after storage at ambient temperature for a period of3

months, wherein the Aluminum comprises, from about 1.0 ppb to about 100 ppb of

Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum from a
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cap of the container, from about 1.0 ppb to about 100 ppm of Aluminum from the L-

cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the dissolved oxygen is present in an amount from about

0.1 ppm to about 5.0 ppm, or from about 0.10 ppm to about 4.0 ppm,or from about 0.10

ppm to about 3.0 ppm, or from about 0.10 ppm to about 2.0 ppm, or from about 0.11 ppm

to about 1.0 ppm. In particular, values of dissolved oxygen from about 0.4 ppm to about

3.8 ppm are preferred. For the sake of clarity and the ease of discussion and measurement,

these values are taken for the L-Cysteine composition at the time of its manufacture

(commonly known as “time zero” data point), or during and up to 1 month from timezero.

Additional time points beyond the 1-month from time zero data point are expected to

provide similar dissolved oxygenlevels.

To achieve the above objective, as described herein, numerousaspects for possible

oxygen introduction into the L-cysteine composition have been carefully studied and

controlled. For example, in some cases, the dissolved oxygen contentin the carrier can be

reducedto at or below a predetermined level before the L-cysteine is added to the carrier.

In someadditional examples, reducing a level of dissolved oxygen in the carrier can include

blanketing a container for housing the composition in an inert gas, such as nitrogen, argon,

or the like, prior to introducing the carrier or composition into the container. In still other

examples, reducing a level of dissolved oxygen in the carrier can include bubbling the

carrier or composition with an inert gas, such as nitrogen, argon, or the like, at ambient or

reduced atmospheric pressure prior to and/or during addition and mixing of L-cysteine. In

some examples, reducing a level of dissolved oxygen in the carrier can be performed at an

ambient or sub-ambient temperature. It is noted that the reduction of dissolved oxygen in

the carrier to at or below a predetermined level can be accomplished without the addition

of a supplementary antioxidant, but is not required in the methods and compositions

described herein. Thus, the L-cysteine composition for injection is free of a supplementary

antioxidant. As described elsewhere herein, attaining low and consistent dissolved oxygen

was achieved using the protocol with sampling asset forth in Example4.
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The compositions have long-term stability. Thus, in certain embodiments, the

amounts of the components described herein are amounts that are detected after the

composition has been in storage. The compositions will have been stored at room

temperature for less than a year, or for a year, or for more than a year. Such timelines

include, for example, for about 15 months, for about 18 months, for about 24 months. Or,

alternatively, the storage time could be for about 9 months, for about 7 months, for about

6 months, for about 5 months, for about 4 months, for about 3 months, for about 2 months,

for about 1 month, or for about 3 weeks. Storage conditions are 25 °C / 60% RH unless

otherwise indicated.

Useful concentrations of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof in a compositions as described herein include an amount from about

20 mg/mL to about 80 mg/mL, from about 30 mg/mL to about 70 mg/mL,from about 40

mg/mL to about 60 mg/mL, from about 45 mg/mL to about 55 mg/mL, or an amount of

about 50 mg/mL,or from about 35 mg/mLto about 50 mg/mL,or an amount of about 37.5

mg/mL. It is noted that the amounts ofL-cysteine disclosed herein, whetheras a total mass

or as a concentration, are based on L-cysteine hydrochloride monohydrate or the free base,

as specified. Thus, where other forms of L-cysteine are employed in the composition, the

amountofthe alternative form included in the composition can be calculated based on an

equivalent amount of L-cysteine hydrochloride monohydrate rather than the amount of the

alternative form employed.

Thus, the stable L-cysteine composition can comprise total amounts of L-cysteine

from about 200 mg to about 4000 mg, or from about 300 mg to about 700 mg, or from

about 300 mg to about 400 mg. For example, a 10 mL vial could be manufactured to contain

about 350 mg of L-Cysteine. In certain embodiments, the L-cysteine composition can

comprise a total amount ofL-cysteine from about 1200 mg to about 2000 mg. For example,

a 50 mL container could be manufactured to contain about 1800 mg of L-Cysteine. In

another embodiment, the total composition of an L-Cysteine composition container may

range from about 3000 mg to about 4000 mg. For example, a 100 mL container could be

manufactured to contain about 3500 mgoftotal L-Cysteine.
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It has been found that the container in which the compositions are held can affect

the level of certain components. In certain embodiments, the L-cysteine composition can

be enclosed in a single-use container. The container can have a variety of volumes.

Typically, the container can have a volume of from about 10 ml to about 100 ml. In some

examples, the container can have a volume of from about 10 ml to about 50 ml. In other

examples, the container can have a volume of from about 50 ml to about 100 ml. Instill

other examples, the container can have a volumeof about 10 ml or about 20 ml.

The container can be made of a variety of materials. Non-limiting materials can

include glass, a plastic (e.g. polyethylene, polypropylene, polyvinyl chloride,

polycarbonate, etc.), the like, or a combination thereof provided that it can both prevent

oxygen penetration and minimize Aluminum, heavy metals and anions contamination to

the composition. Up to now, there has been no guidance with regard to the compatibility

of L-cysteine with coated glass vials or that any vials could be used to provide L-cysteine

compositions having low levels of Aluminum.

Another confounding factor is the low pH of the L-Cysteine product, which is less

than 3.0 in certain embodiments. This low pH can disrupt the plastic coating or silicon

coating inside the glass container and Aluminum, heavy metals and anions could leach

during the shelf life of the product, especially over prolonged storage of the product.

Therefore, up to now,the success of the product was uncertain until the products described

herein were manufactured and studied in real time for prolonged periods as described

herein.

It should be recognized that vials which are impermeable with an internal coating,

vials which are stored in a pouch that protects the product from atmospheric oxygen

ingress, and relatively thick vials made of impermeable plastic or glass can be suitable for

the L-Cysteine product disclosed herein.

Vials which are stored in a pouch can be prepared in a similar manneras described

herein and then pouched in a plastic material that is then sealed. The pouch may be kept

under vacuum or under an inert atmosphere. Methods for manufacturing such pouched

products, and materials for such manufacture are knownin the industry.
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Relatively thick vials made of impermeable plastic are also prepared in a similar

manner as described herein. Such vials may be composed of cyclic olefin materials of

sufficient thickness to prevent oxygen ingress over a reasonably long period of time, for

example 1 month, 2 months, 3 months, 6 months or 12 months. These vials are packaged

and supplied as such. Alternatively, these vials can also be pouched as described above in

plastic material that is kept under vacuum or under an inert gas atmosphere. It is expected

that such pouching extends the shelf life of the product by at least 1 month, or 2 months,

or 3 months, or 6 months or longer.

In certain embodiments, the vials are made of glass with an internal coating made

of silicon dioxide, for example, Schott Type 1 Plus USP glass. The general thickness of

the coating is presumedto be at least 100-200 nanometers thickness.It is believed that this

level of thickness was sufficient to provide protection against pH disruption while also

preventing the migration of Aluminum from the glass into the L-Cysteine product. Thus,

in some specific examples, the container can be an internally coated glass container. In

certain other embodiments the glass container is internally coated with silicon dioxide of

about 100 to about 200 nanometers.

In certain embodiments the Aluminum contribution from the container may range

from about 0.1 ppb to about 200 ppb. In certain other embodiments the Aluminum

contribution may range from about | ppb to about 150 ppb, from about 1 ppb to about 120

ppb, from about 1 ppb to about 100 ppb, from about 1 ppb to about 80 ppb, from about 1

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about 1 ppb to

about 20 ppb, from about 1 ppb to about 15 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.

The containers are sealed with a suitable stopper made of rubber, elastomeric

polymers, or combinationsthereof. In certain embodiments the stoppers are coated with a

special non-reactive inert coating that minimizes interaction with drug product. For
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example, some stoppers are coated with Teflon to prevent drug-stopper interactions. One

example of a specific coated stopper is supplied by West Pharmaandis called V10-F597W

Stopper, 20 mm Lyo, 4432/50 Gray, B2-TR Coating, Westar RS. This stopperis a cross-

linked mixture of high- and low-molecular weight silicone oils that are cured through the

application ofUV rays and heat. Becauseit is a spray-on coating applied to molded closures

before the trimming process, B2-Coating can be applied at various levels on the bottom

and top of closures. These specific stoppers are preferred even though similar coating

materials and methodology applied to other types of stoppers could also work. The stoppers

are selected not only for their inertness vis-a-vis the drug productbutalso for their minimal

contribution to Aluminum levels in the drug product.

In certain embodiments the Aluminum contribution from the stopper may range

from about 0.1 ppb to about 100 ppb. In certain other embodiments the Aluminum

contribution may range from about 1 ppb to about 90 ppb, from about 1 ppb to about 80

ppb, from about 1 ppb to about 70 ppb, from about 1 ppb to about 60 ppb, from about 1

ppb to about 50 ppb, from about 1 ppb to about 40 ppb, from about 1 ppb to about 30 ppb,

from about 1 ppb to about 25 ppb, from about | ppb to about 20 ppb, from about | ppb to

about 15 ppb, from about 1 ppb to about 10 ppb, from about 1 ppb to 5 ppb. In certain

embodiments, the contribution could be in subranges within the above ranges, for example,

from about 35 to 55 ppb, or from about 25 to about 75 ppb, in increments of 5 ppb. All

such ranges and subranges are contemplated herein.

In addition to the container and stopper, the drug substance and excipients including

water for injection may contribute Aluminum to the drug product. Thus, in one aspect the

Aluminum contribution from the drug substance may range from about 0.1 ppb to about

70 ppb. In certain other embodiments the Aluminum contribution may range from about |

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about | ppb to

about 20 ppb, from about | ppb to about 15 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.
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The water for injection may contribute Aluminum from about 0.1 ppb to about 20

ppb. In certain embodiments the Aluminum contribution may range from about 1 ppb to

about 15 ppb, from about 1 ppb to about 12 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to about 8 ppb, from about 1 ppb to about 6 ppb, from about 1 ppb to about 5

ppb, from about 1 ppb to about 4 ppb, from about 1 ppb to about 3 ppb, from about 1 ppb

to about 2.5 ppb, from about 1 ppb to about 2 ppb, from about 1 ppb to about 1.5 ppb. In

certain embodiments, the contribution could be in subranges within the above ranges, for

example, from about 5 to 7.5 ppb, or from about 10.5 to about 15.0 ppb, in increments of

0.5 ppb. All such ranges and subranges are contemplated herein.

In summary, to lower the Aluminum level to even greater extent as described

herein, the container, the stopper, the drug substance, the water for injection, and any other

excipients can be chosen such that the Aluminum concentration in the drug product is from

about 1.0 ppb to about 250 ppb, or as described in the other embodiments provided herein.

Advantageously, in certain embodiments, the compositions maintain cystine levels

for extended periods, and/or are substantially free or essentially free of cystine precipitate.

However, it is noted that where cystine is present in the L-cysteine composition it is not

necessarily dissolved. For example, in some cases, it can be present in the composition as

an undissolved particle.

Where the L-cysteine composition includes cystine, it can typically be present in

relatively small amounts compared to L-cysteine. In certain embodiments, cystine is

present in the composition in an amount not more than 2.0 wt% relative to L-cysteine after

storage at ambient temperature for a period of 6 months. In certain embodiments, cystine

is present in the composition in an amount not more than 1.0 wt% relative to L-cysteine

after storage at ambient temperature for a period of 6 months. In certain embodiments,

cystine is present in the composition in an amount not more than 0.5 wt%relative to L-

cysteine after storage at ambient temperature for a period of 6 months. In certain

embodiments, cystine is present in the composition in an amount not more than 0.4 wt%

relative to L-cysteine after storage at ambient temperature for a period of 6 months. In

certain embodiments, cystine is present in the composition in an amount not more than 0.3
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wt% relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, cystine is present in the composition in an amount not more than

0.2 wt%relative to L-cysteine after storage at ambient temperature for a period of 6

months. In certain embodiments, cystine is present in the composition in an amount not

more than 0.1 wt%o relative to L-cysteine after storage at ambient temperature for a period

of 6 months.

Further, in certain embodiments, cystine can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt%% relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, cystine can be

present in the L-cysteine composition, but in an amount not more than 2.0 wt%relative to

L-cysteine after storage at ambient temperature for a period of 3 months. In some

embodiments, cystine can be present in the L-cysteine composition in an amount from

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, cystine can be present in the L-cysteine composition

in an amount from about 0.005 wt% to about 0.5 wt% relative to the amount of L-cysteine

present in the composition. In some embodiments, cystine can be present in the L-cysteine

composition in an amount from about 0.05 wt%to about 1.0 wt%relative to the amount of

L-cysteine present in the composition. In some embodiments, L-cystine can be present,

but in an amountthat is either not detectable or that is below a limit of quantitation using

a standard testing procedure, such as a validated test method for detecting cystine.

Advantageously, in certain embodiments, the compositions maintain pyruvic acid

levels for extended periods, and/or are substantially free or essentially free of pyruvic acid.

Whenpresent, pyruvic acid is typically present in a relatively small amount compared to

L-cysteine. In certain embodiments, pyruvic acid is present in the composition in an

amount not more than 2.0 wt%o relative to L-cysteine after storage at ambient temperature

for a period of 6 months. In certain embodiments, pyruvic acid is present in the composition

in an amount not more than 1.0 wt%relative to L-cysteine after storage at ambient

temperature for a period of 6 months. In certain embodiments, pyruvic acid is present in

the composition in an amount not more than 0.5 wt% relative to L-cysteine after storage at

ambient temperature for a period of 6 months. In certain embodiments, pyruvic acid is
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present in the composition in an amount not more than 0.4 wt% relative to L-cysteine after

storage at ambient temperature for a period of 6 months. In certain embodiments, pyruvic

acid is present in the composition in an amount not more than 0.3 wt% relative to L-

cysteine after storage at ambient temperature for a period of 6 months. In certain

embodiments, pyruvic acid is present in the composition in an amount not more than 0.2

wt%o relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, pyruvic acid is present in the composition in an amount

not more than 0.1 wt% relative to L-cysteine alter storage at ambient temperature for a

period of 6 months. In certain embodiments, pyruvic acid can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt%relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, pyruvic acid can

be present in the L-cysteine composition, but in an amount not more than 2.0 wt%relative

to L-cysteine after storage at ambient temperature for a period of 6 months. In some

embodiments, pyruvic acid can be present in the L-cysteine composition in an amount from

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, pyruvic acid can be present in the L-cysteine

composition in an amount from about 0.005 wt%to about 0.5 wt%relative to the amount

of L-cysteine present in the composition. In some embodiments, pyruvic acid can be

presentin the L-cysteine composition in an amount from about 0.05 wt% to about 1.0 wt%

relative to the amount of L-cysteine present in the composition. In some embodiments,

pyruvic acid can be present, but in an amountthat is either not detectable or that is below

a limit of quantitation using a standard testing procedure, such as a validated test method

for detecting pyruvic acid.

As discussed above, to achieve safe method and compositions, it is beneficial to

further understand which other components are present beyond Aluminum and pyruvic

acid, and control their amounts as well. Because preterm infants could be exposed to L-

Cysteine for potentially longer periods, and their main source of L-Cysteine is through

parenteral administration, careful consideration should be given to exposure to other

potentially unsafe compounds that may leach out of the container or stopper in amounts
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greater than what are considered safe limits. Examples include certain volatile compounds,

certain heavy elements, and certain anions.

Daily acceptable limits are known for these potentially unsafe compounds.

However, because the L-Cysteine Injection is used to infuse into preterm and term infants

and those elderly that are critically ill will compromised renal functions, and sometimes

for periods that exceed more than a few days, just meeting the daily acceptable limits may

not be sufficient. Every effort must be made to reduce the levels to as low as practicable.

The L-Cysteine compositions presented herein provide in some embodiments about one-

half of the daily acceptable limits; in some embodiments, about one-fourth of the daily

acceptable limits; in some embodiments, about one-fifth of the daily acceptable limits; in

some embodiments, about one-sixth of the daily acceptable limits.

The anions that are desirable to control are: Iodide and Fluoride. The acceptable

limit for Iodide is about 20 ppm or less. The acceptable limit for Fluoride is about 30 ppm

or less. The L-Cysteine compositions provided herein show Iodide concentrations of less

20 ppm and Fluoride concentrations of less than 30 ppm when measuredat any time from

the day of manufacture through its shelf-life of 6 months, or 12 months, or 18 months, or

24 months, when stored under Room Temperature Conditions. In some embodiments, the

L-Cysteine compositions provide from about 1.0 ppm to 20 ppm of Iodide; in some

embodiments, from about 1.0 ppm to about 15 ppm; in some embodiments, from about 1.0

ppm to about 10 ppm; and in some embodiments, from about 1.0 ppm to about 5 ppm.In

some embodiments, the L-Cysteine compositions provide from about 1.0 ppm to 20 ppm

of Fluoride; in some embodiments, from about 1.0 ppm to about 15 ppm; in some

embodiments, from about 1.0 ppm to about 10 ppm; and in some embodiments, from about

1.0 ppm to about 5 ppm. Methodsfor evaluating the anions and the results are provided in

Example 8.

As noted above, several elements may leach or be extracted out into the L-Cysteine

drug product, thereby presenting a potential safety/toxicity concern to subjects that require

L-Cysteine parenteral administration. Art-known methods may be used to evaluate the

elemental levels. Inductively-coupled plasma mass spectral method is one such highly
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specific method. Example 9 provides the data generated by using ICP-MStechnique. As

shown in Example 9, there are over thirty elements that are generally known to present

safety/toxicity concerns. The Table 22 provides the daily allowable limit forall of these

elements, and the observed levels in the present L-Cysteine compositions. The daily

allowable limit for some elements are relatively high, whereas for other elements they are

relatively very low. For example, Molybdynum hasthe level of 14,500 ppb approximately,

whereas Cadmium has about 19 ppb.

For purposes of monitoring the L-Cysteine compositions for the elements of

concer, in one aspect, the levels ofMercury, Lead, Nickel and Arsenicare ofsignificance.

Therefore, in one aspect, the L-Cysteine compositions presented herein have further

improved safety because they provide these elements at amounts far less than the daily

allowable limits. Targeted daily allowable limits include 48 ppb for Lead, 29 ppb for

Mercury, 194 ppb for Nickel, and 174 ppb for Arsenic.

The L-Cysteine compositions described herein provide from about 1 ppb to 10 ppb

of Lead; in some embodiments, from about 1 ppb to about 8 ppb; in some embodiments,

from about 1 ppb to about 7 ppb; or in some embodiments, from about 1 ppb to about 5

ppb. when measured at any time from the day of manufacture through its shelf-life of 6

months, or 12 months, or 18 months, or 24 months, when stored under Room Temperature

Conditions.

With respect to Mercury, the L-Cysteine compositions described herein provide

from about 0.1 ppb to 10 ppb of Mercury; in some embodiments, from about 0.1 ppb to

about 8 ppb; in some embodiments, from about 0.1 ppb to about 7 ppb; or in some

embodiments, from about 0.1 ppb to about 5 ppb. when measured at any time from the day

of manufacture through its shelf-life of 6 months, or 12 months, or 18 months, or 24

months, when stored under Room Temperature Conditions.

With respect to Nickel, the L-Cysteine compositions described herein provide from

about | ppb to 50 ppb of Nickel; in some embodiments, from about | ppb to about 40 ppb;

in some embodiments, from about 1 ppb to about 30 ppb; or in some embodiments, from

about 1 ppb to about 25 ppb; or in some embodiments from about 1 ppb to about 20 ppb,
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when measured at any time from the day of manufacture throughits shelf-life of 6 months,

or 12 months, or 18 months, or 24 months, when stored under Room Temperature

Conditions.

With respect to Arsenic, the L-Cysteine compositions described herein provide

from about 0.1 ppb to 60 ppb of Arsenic; in some embodiments, from about 0.1 ppb to

about 50 ppb; in some embodiments, from about 0.1 ppb to about 40 ppb; in some

embodiments, from about 0.1 ppb to about 30 ppb; in some embodiments, from about 0.1

ppb to about 25 ppb; or in some embodiments from about 0.1 ppb to about 20 ppb; in some

embodiments, from about 0.1 ppb to about 15 ppb; in some embodiments, from about 0.1

ppb to about 10 ppb; or in some embodiments, from about 0.1 ppb to about 5.0 ppb, when

measured at any time from the day of manufacture throughits shelf-life of 6 months, or 12

months, or 18 months, or 24 months, when stored under Room Temperature Conditions.

In some embodiments, the Arsenic, Mercury, Lead and other elements may be

extracted from the container or from the stopper. In one specific embodiment, the extracted

out amount of Arsenic, Mercury, Lead, and Nickel combined from the stopper is 100 ppb

or less. In other embodiments, the extracted amount of Arsenic, Mercury, Lead, and Nickel

combined from the stopperis from about 10 to about 50 or from about 10 to about 100 ppb.

It should be recognized that in some instances the amount of a specific element

present in the L-Cysteine compositions described herein may be below the Limit of

Quantitation (LOQ). In those instances, for purposes of this disclosure and claims made

herein, the compositions may be considered to contain the lowest level described in the

preceding paragraphs. For example, when Arsenic is determined to be below the LOQ,the

Arsenic amount maybe considered to be at 0.1 ppb. Therefore, all such instances where

the compositions show amounts below the LOQ are within the contemplation of this

disclosure.

In certain embodiments, the compositions further comprise within the container,

headspace gas that includes oxygen in an amount of from about 0.5%v/v to about 5.0 %

v/v, or from about 0.5% v/v to about 4.0% v/v, or from about 0.5% v/v to about 3.5% v/v,

from about 0.5% v/v to about 3.0 % v/v, or from about 0.5% v/v to about 2.5%v/v, or
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from about 0.5% v/v to about 2.0 %v/v,or from about 0.5% v/vto about 1.5% v/v, or from

about 0.5%v/vto about 1.0 % v/v, or in some cases from about 0.1% v/v to about 0.5%

v/v, or from about 0.1% v/v to about 0.4% v/v, or from about 0.1% v/v to about 0.3%v/v,

or from about 0.1%v/v to about 0.2%v/v. For the sake of clarity and the ease of discussion

and measurement, these values are taken for the L-Cysteine composition at the time ofits

manufacture (“tine zero” data point), or during and up to 1 month from time zero.

Additional time points beyond the 1-month from time zero data point may provide similar

headspace oxygenlevels.

Without wishing to be bound by theory, the dissolved oxygen levels and the head

space oxygen levels within a sealed container ofL-Cysteine compositions described herein

may reach an equilibrium at some time point duringits shelf-life. Such equilibrium maybe

maintained for a very short time,i.e., for a few seconds, or for a very long time,i.e., for

several months. Such equilibrium may on occasion be disturbed by simple agitation.

Therefore, it should be recognized that dissolved oxygen levels and headspace oxygen

levels may fluctuate from one time point to another in terms of absolute numbers. However,

the numbers are expected to stay within the ranges disclosed herein. Occasionally, one

number(e.g., dissolved oxygen) may exceedorfall out of a certain range (e.g., from about

05 to about 3.0 PPM)at a 15-day time point, but mayfall within that range at some other

time point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges,

subranges, and specific data points disclosed and discussed herein are valid and suitable

for time points beyondthe time zero and 1-month timepoints. In one aspect, the time points

could be extended to 2-months, 3-months, 6-months, 9-months, 12-months, 15-months, 18-

months, and 24 months.

In some aspects, the total amount of oxygen in the sealed container may be an

appropriate measure to evaluate the stability of the L-Cysteine compositions herein. For

example, the total amount of oxygen within the container maybearrived at by adding up

the amount of dissolved oxygenin the carrier and the amount of head space oxygen. These

values can also be expressed independently in separate units (1.e., dissolved oxygen as ppm

and head space oxygen as % v/v). An example would be an L-Cysteine composition that

contains a dissolved oxygen level of from about 0.1 ppm to 4.0 ppm and a head space
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oxygen level of about 0.5% v/vto about 4.0% v/v.

The amount of oxygen present in the headspace of the container can be controlled

by filling the headspace with an inert gas, such as nitrogen or argon. Alternatively, the

head space oxygen maybe controlled by vacuum operation without using an inert gas. In

another aspect, the head space oxygen may becontrolled by a combination of vacuum

operation and inert gas overlay. In one particular aspect, the head space oxygen is

controlled by repeated pulses of vacuum and inert gas overlay in tandem such that the

process maystart first with vacuum operation followed by inert gas overlay followed by

vacuum operation. The combination of vacuum operation and inert gas overlay (or inert

gas overlay and vacuum operation) is considered one pulse when both steps are used

together. A typical head space control operation may comprise from oneto eight pulses.

Typically, there could be two,three, four, or five pulses. Each pulse could last from about

one tenth of one second to five seconds or from five to fifteen seconds when conducted by

automated high-speed equipment custom designed for this specific purpose. In some

embodiments, the pulse may last from about 0.1 to about 2.0 seconds. In some

embodiments, the pulse may last from about 0.1 to about 1.0 seconds, or from about 0.1 to

about 0.4 seconds. When done using manual methods, each pulse could take up to 30-60

seconds or longer. Such a manual process is described in more detail in Examples 1 and

4. Alternatively, a more automated process that was developed by the current inventorsis

described in Example 5.

In certain embodiments, the compositions are part of a total parenteral nutrition

regimen. The L-cysteine compositions described herein can be admixed with aminoacid

solutions, such as crystalline amino acid injection, for example, commercially available

TRAVASOL*and TRAVASOLE®.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about 1000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cysteine described herein; and an amino acid composition that is

essentially free ofL-Cysteine comprising one or more aminoacids selected from the group
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consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain embodiments, the subject matter described herein is directed to a stable

TPN composition for infusion, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof,

Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

cystine in an amountfrom about 0.001 wt%to about 2.0 wt%o relative to L-cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

one or more aminoacids selected from the group consisting of: leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine;

a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are from about 100 mL to about 1,000 mL andthe total

aluminum delivered by the said composition does not exceed about 4-5 mcg/kg/day. In

certain embodiments, the amounts include 150 mL, 200 mL, 250 mL, 300 mL, 350 mL,

400 mL, 450 mL, 500 mL, 550 mL, 600 mL, 650 mL, 700 mL, 750 mL, 800 mL, 850 mL,

900 mL and 950 mL.

In certain embodiments, the stable composition for infusion comprises one or more

amino acids selected from the group consisting of leucine, isoleucine, lysine, valine,

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine,

proline, serine, and tyrosine. In certain embodiments, the composition includesall of these.

In certain embodiments, 500 mg of L-Cysteine is admixed with 12.5 gram ofcrystalline

amino acid injection, such as that present in 250 mL of 5%crystalline aminoacid injection.

In some aspects, 15 mg of L-Cysteine is admixed with one gram of aminoacids. In some

other aspect, 40 mg of L-Cysteine is admixed with one gram of amino acids. Depending

on the needs of the subject, based on specific characteristics such as age, weight, and

physiological factors such as renal function, the dose may be adjusted at or within these

ranges of 15-40 mg of L-Cysteine per gram of amino acids. See, for example, Tables 1-2

above. Thus, the pharmaceutical compositions comprising L-Cysteine can be formulated,
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dosed and administered in a fashion, /.e., amounts, concentrations, schedules, course, and

vehicles, consistent with good medical practice. The “therapeutically and nutritionally

effective amount” of the compound to be administered will be governed by such

considerations.

In certain embodiments, the compositions are essentially free of supplementary

antioxidant. As used herein, this refers to the absence of any substance that is added to the

compositions specifically as an antioxidant. Naturally occurring antioxidants maystill be

present.

In certain embodiments, the compositions that comprise one or more ofthe above

amino acids are essentially free of dextrose. However, in certain embodiments, the

compositions that comprise one or more of the above aminoacids further comprise a sugar.

In certain embodiments, the pH of the compositions is about 1.0 to about 2.5, or

about 1.6 to about 2.0, or about 1.6, or about 1.7, or about 1.8, or about 1.9 or about 2.0.

For administration, the pH is generally adjusted by admixing with other components to a

pH of about 6.0 to about 8.0, but generally around 7.0. In certain embodiments, the

compositions are essentially free of a buffer. In certain embodiments, the compositions

further comprise a buffer.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection that can be useful for treatment of a variety of

conditions, such as those described above.In further detail, L-cysteine can be administered

in a variety of forms, such as the free base, L-cysteine hydrochloride, a pharmaceutically

acceptable salt thereof (e.g. sodium salt, calcium salt, etc.), a hydrate thereof, the like, or a

combination thereof. In some specific examples, L-cysteine can be included in the L-

cysteine composition for injection as L-cysteine hydrochloride monohydrate.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection, comprising:

about 34.5 mg/mL ofL-cysteine free base, or a pharmaceutically acceptable salt

thereof and/or hydrate thereof;

Aluminum in an amount of 130 ppb or below;
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water;

wherein the composition is enclosed in a single-use container having a volume of

from 10 mL to 100 mL,andis stable for 9 monthsorless.

In certain embodiments, the stable, safe L-cysteine composition can consist

essentially of L-cysteine, water, Aluminum in an amountof less than 200 ppb, cystine in

an amount from about 0.001 wt% to about 2 wt% relative to L-cysteine, pyruvic acid in an

amount from about 0.001 wt% to about 2 wt% to L-cysteine, headspace oxygen thatis less

than 4.0% and dissolved oxygen from about 0.1 ppm to about 1 ppm. Other trace

components or excipients do not materially affect the basic and novel characteristics of

composition unless otherwise indicated, for example, undesirable anions and heavy metals.

The pharmaceutical composition (or formulation) for application may be packaged

in a variety of ways depending upon the method used for administering the drug.

Generally, an article for distribution includes a container having deposited therein the

pharmaceutical formulation in an appropriate form. The container may also include a

tamper-proof assemblage to prevent indiscreet access to the contents of the package. In

addition, the container has deposited thereon a label that describes the contents of the

container. The label mayalso include appropriate warnings, more specifically about the

Aluminum content of the L-Cysteine composition. For example, the label may indicate that

the Aluminum in the container may be at 100 ppb or 100 mcg/L. In another embodiment,

the label may indicate that the Aluminum in the container may be at 120 ppb or 120 mcg/L.

In some specific embodiments, the Aluminum level may be described as not more than 120

ppb, or not more than 120 mcg/L, or NMT 120 ppb, or NMT 120 mcg/L.In addition to the

label, the labeling associated with the L-Cysteine product may have the same description

of Aluminum.

It should be understood that, as is customary in the pharmaceuticalarts, the phrases

“NMT”or “not more than” represents the upper limit, but also is understood not to mean

that the value is zero or even can be zero. For example, a statement that the Aluminum

levels are NMT 120 ppbis not understood by the practitionersin the art that the Aluminum

levels are at zero ppb in that particular vial bearing that label. Pharmacists and other health
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care professionals instead would interpret for purposes of calculating the Aluminum

content of a TPN preparation using that specific L-Cysteine vial that the Aluminum levels

are at 120 ppb so that, even if the actual amount is lower than the 120 ppb in the product,

they err on the conservative side. This is the custom in the pharmaceutical industry

developed and practiced to safeguard the health of patients. If indeed the label is intended

to convey with certainty that the actual Aluminum level is zero ppb, the label then would

state that fact or indicate that the product is free of Aluminum.

Similarly, any numerical value expressed as “less than” is intended to convey that

the value is below that certain numerical value, including, as the case may be zero. For

example, when it is stated herein that Aluminum levels are less than about 20 ppb,it is

understood that in some embodiments the Aluminum can be, but not necessarilyin all

cases, anywhere from zero to about 19 ppb. It is also understood that this may, but not

necessarilyin all cases, encompass thosesituations where the levels are below quantitation

limit, but the presence of Aluminumis detectable. In those cases where the Aluminum (or

any other measured material generally) where the material is detectable but is below the

level of quantitation, that numerical value can be considered for example as being about

1.0 (for Aluminum)or 0.001 (for Cystine or Pyruvic acid), or 1.0 ppb (for elements) or 1.0

ppm (for iodide or fluoride). Unless an actual analysis is made of the product and a specific

numberis determined, there is no certainty of the actual value. The US FDA doesnot

require this precision in the labeling on a product-by-product or even batch-by-batch

because that is impracticable in a commercial supply chain setting for drug products.

Thus, the phrases “NMT”or “not more than”or “less than” are termsofart in the

pharmaceutical industry. Those in the industry do not assume these terms necessarily

represent zero in all cases, even though that is a possibility. When calculating the

Aluminum amounts for purposes of preparing parenteral nutrition products the artisan

never assumes the Aluminum levels are zero in order to safeguard the patient health.

Accordingly, this present disclosure and the claims derived therefrom are to be read and

understoodin light of this custom and practice in the art.
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As mentioned above, the L-cysteine compositions for infusion may optionally be

mixed with pharmaceutically acceptable excipients, also described in Remington’s

Pharmaceutical Sciences (1980) 16" edition, Osol, A. Ed., Mack Publishing Co., Easton,

PA.

As noted above, the diluted L-cysteine composition for infusion can typically have

a pH of from about5.0 to about 8.0, or from about 6.0 to about 7.0. However, dilution and

administration of the L-cysteine composition for infusion will typically be overseen by a

licensed medical professional, who may recommend a pH outside of the ranges recited

herein under certain circumstances. Additionally, the diluted L-cysteine composition for

infusion can typically have a tonicity of from about 250 milliosmoles/liter (mOsmol/L) to

about 1,000 mOsmol/L, or more, or of from about 350 mOsmol/L to about 475 mOsmol/L.

However, dilution and administration of the L-cysteine composition for infusion will

typically be overseen by a licensed medical professional, who may recommenda tonicity

outside of the ranges recited herein under certain circumstances.

Il. Methods

The subject matter described herein is directed to methods of treating a subject

having an adverse health condition that is responsive to L-cysteine administration. The

methods can include diluting the stable L-cysteine composition described herein with an

intravenousfluid to prepare a diluted L-cysteine composition for infusion. The methods

can further include parenterally administering the diluted L-cysteine composition to

provide a therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the subject matter described herein is directed to a method

of reducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about 250 ppb or

from about 10 ppb to about 80 ppb;
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L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion of about 100 mL to about 1000 mL,

wherein the Aluminum provided in said parenteral nutrition regimen is from about

1-2 to about 4-5 micrograms/kg/day.

In certain aspects, the compositions and methods described herein are directed to

methods of administering L-Cysteine together with a composition for parenteral nutrition,

comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a neonatal

weighing less than 2 kilos. In another aspect, the subject is a pediatric patient that is from

about 0.2 kilos to about 20 kilos. In another aspect, the subject is an adult requiring

parenteral nutrition.

In certain embodiments, the subject matter described herein is directed to a method

of reducing Aluminum administration from a parenteral nutrition regimen comprising L-

cysteine, comprising:

administering to a subject a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof;

Aluminum in an amount from about 10.0 parts per billion (ppb) to about 250 ppb,

or from about 10 ppb to about 80 ppb;

cystine in an amount from about 0.01 wt% to about 2.0 wt% relative to L-cysteine;
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pyruvic acid in an amount from about 0.01 wt% to about 2.0 wt% relative to L-

cysteine;

one or more aminoacids selected from the group consisting of: leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine,

a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are about 100 mL to about 1,000 mL,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine and Aluminum

at arange of from about 900 ppb to about 5,000 ppb.

In certain embodiments, the methods provide that the reduction in the amount of

Aluminum administered is relative to the amount of Aluminum in a L-cysteine injection

composition having more than 500 ppb Aluminum, or more than 250 ppb Aluminum. The

relative reduction in Aluminum can be up to 90%, up to 80%, up to 70%, up to 60%, up to

50%, up to 40%, up to 30%, up to 20%, up to 10%, or up to 5%, as compared to the amount

of Aluminum administered with a L-cysteine composition having more than 500 ppb

Aluminum, or more than 250 ppb Aluminum. In certain embodiments, the reduction

occurs over the span of a day, a week, a month or the duration of the TPN regimen.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the method of treating a subject having an adverse health

condition that is responsive to L-cysteine administration further comprises, before the

diluting step, admixing the stable L-cysteine composition with an amino acid solution, such
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as, crystalline amino acid injection. In this aspect, the methods comprise diluting with an

intravenousfluid the stable L-cysteine composition admixed with an amino acid solution,

wherein the fluid comprises dextrose.

In certain embodiments, the adverse health condition is the lack of a necessary

enzyme in the trans-sulfuration pathway that converts methionine to L-cysteine. Other

adverse health conditions include inadequate absorption resulting from short bowel

syndrome; gastrointestinal fistula; bowel obstruction; prolonged bowel rest; severe

malnutrition; significant weight loss and/or hypoproteinaemia when enteral therapyis not

possible; other disease states or conditions in which oral or enteral feeding are not an

option.

For most preterm infants, the administration should be considered as a short-term

bridge to provide nutritional support until full enteral nutrition can be provided. Such

instances include: Immediatelyafter birth, to provide essential nutrition as enteral feeds are

commenced and advanced, and/or during periods of acute gastrointestinal malfunction (eg,

due to septic ileus or necrotizing enterocolitis).

In certain embodiments, the administering is a single daily dose, or multiple daily

doses, or is administered in accordance with a TPN regimen, for example, the dosing can

be over a day, several days, a week or several weeks, a month or several months.

In certain embodiments, the subject is an infant or pre-term infant from newborn

until about 6 months of age. As presented in Tables 1 and 2 above, the subjects can be

from a pre-term infant to an adult that is in need of L-Cysteine supplementation. Thus, the

subject can be a subject “in need of” the methods of described herein, for example, in need

of the therapeutic effects or prophylactic benefits of the methods. In certain embodiments,

the subject is a subject in need of a total parenteral nutrition (TPN) regimen.

In certain embodiments, the intravenousfluid is selected from the group consisting

of isotonic saline, glucose solution, glucose saline, dextrose solution, crystalline amino

acid solution, lipids, and combinations thereof.

In certain embodiments, the L-cysteine is L-cysteine hydrochloride monohydrate.
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In certain embodiments, the diluted L-cysteine composition for infusionis typically

administered via intravenous infusion. The selection of administration rate and site of

infusion (i.e., via a peripheral or central vein) are within the ordinary skill in the art of

medicine, pharmaceutical, nursing, and nutritional sciences.

The diluted L-cysteine composition for infusion can be administered until a

therapeutically effective dose is achieved. In some examples, a therapeutically effective

dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof can

be from about 0.01 mg to about 2.0 mg L-cysteine. Again, therapeutically effective doses

can depend on whetherthe patient is a pediatric patient or an adult patient. For example,

for preterm or term infants less than 1 month of age, the therapeutically effective dose is

about 45 to 60 mcg/kg/day. For pediatric patients 1 month to less than 1 year of age, the

therapeutically effective dose is 30 to 45 mcg/kg/day. For pediatric patients 1 year to 11

years of age, the therapeutically effective dose is about 15 to 30 mcg/kg/day. For pediatric

patients 12 years to 17 years of age, the therapeutically effective dose is about 4 to 7.5

meg/kg/day. For adults, i.e., stable patients, the therapeutically effective dose is 4 to 5

meg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10

meg/kg/day.

The number of doses given daily can vary as desired or needed per the

therapeutically effective dosing regimen. In some examples, the therapeutically effective

dosing regimen can include daily administration of the diluted L-cysteine composition. In

other examples, the therapeutically effective dosing regimen can include twice-daily

administration of the diluted L-cysteine composition. In some further examples, the

therapeutically effective dosing regimen can provide less than or equal to 5 ug/kg/d of

Aluminum.In still further examples, the therapeutically effective dosing regimen can

provide less than or equal to 4 ug/kg/d of Aluminum,or less than or equal to 3 ug/kg/d of

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum

from the composition of from about 2 ug/kg/d to not more than 5 ug/kg/d.

The diluted L-cysteine composition for infusion can be administered for the

treatment of a number of conditions. For example, L-cysteine can be administered to meet
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the intravenous amino acid nutritional requirements of individuals (e.g. infants) receiving

total parenteral nutrition. As such, in some examples, the subject can be a subject in need

of total parenteral nutrition (TPN). In some additional examples, L-cysteine can be

administered for the treatment of osteoarthritis, rheumatoid arthritis, angina, chronic

bronchitis, chronic obstructive pulmonary disease (COPD), influenza, acute respiratory

distress syndrome (ARDS), diabetes (e.g. type 2 diabetes), the like, or a combination

thereof.

In certain embodiments, the subject matter described herein is directed to methods

of preparing a composition, comprising:

Stirring Water for Injection, USP (WFI) in a vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NLT about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowingto stand;

Filling said mixed liquid into individual single use containers;

Reducing head space oxygen to about 5.0% to 0.5%and sealing said containers

wherein the dissolved oxygen in the container is about 0.1 ppm to about 5 ppm.

The subject matter described herein includes, but is not limited to, the following

specific embodiments:

1. A stable L-cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;
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Aluminum (AJ) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

2. The composition of embodiment 1, wherein the composition is essentially free of

an antioxidant.

3. The composition of embodiment | or 2, wherein said Aluminum is present in an

amount from about 1.0 ppb to about 200 ppb.

4. The composition of embodiment 1, 2 or 3, wherein said Aluminum is present in an

amount from about 1.0 ppb to about 180 ppb.

5. The composition of embodiment 1, 2, 3 or 4, wherein said Aluminum is present in

an amount from about 1.0 ppb to about 170 ppb.

6. The composition of embodiment 1, 2, 3, or 5, wherein said Aluminumis present in

an amount from about 1.0 ppb to about 160 ppb.

7. The composition of embodiment1, 2, 3, 4, 5 or 6, wherein said Aluminum is present

in an amount from about 1.0 ppb to about 150 ppb.

8. The composition of embodiment 1, 2, 3, 4, 5, 6 or 7, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 130 ppb.

9. The composition of embodiment 1, 2, 3, 4, 5, 6, 7 or 8, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 100 ppb.
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10. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 50 ppb.

11. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 20 ppb or from about 1.0

ppb to about 10 ppb.

12. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, further comprising

one or more heavy metals selected from the group consisting of Lead Gin an amount of

from about | ppb to about 10 ppb), Nickel (in an amount of from about 5 ppb to about 40

ppb), Arsenic (in an amount of from about 0.1 ppb to about 10 ppb), and Mercury (in an

amount of from about 0.2 ppb to about 5.0 ppb).

13. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, wherein said

heavy metals are present in total in an amount from about 2.0 ppb to about 8.0 ppb.

14. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13, further

comprising iodide and fluoride, each present in an amount from about 0.1 ppm to about 20

ppm.

15. The composition of embodiment 14, wherein said ions are present in total an

amount from about 2.8 ppm to about 5.8 ppm.

16. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15,

wherein said dissolved oxygenis present in an amount from about 0.1 ppm to about 5 ppm.

17. The composition of embodiment I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16,

wherein said dissolved oxygen is present in an amount from about 0.1 ppm to about 3 ppm.

18. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16

or 17, wherein said dissolved oxygen is present in an amount from about 0.10 ppm to about

2.0 ppm.

19. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17 or 18, wherein said dissolved oxygen is present in an amount from about 0.1 ppm to

about 1.0 ppm.

20. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18 or 19, wherein the composition has been stored at room temperature.
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21. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19 or 20, wherein the storage is for 1 yearorless.

22. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20 or 21, wherein the storage is for about 9 months.

23. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21 or 22, wherein L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof is present in the composition in an amount from about 20 mg/mL to

about 70 mg/mL.

24. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22 or 23, wherein L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof is present in the composition in an amount of about 50

mg/mL.

25. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23 or 24, wherein the container is an internally coated glass container.

20. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24 or 25, wherein said internally coated glass container is coated

with Si02.

27. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25 or 26, essentially free of cystine precipitate.

28. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27, wherein said L-cysteine is present in an amount

of about 37.5 mg/mL as free base, or a pharmaceutically acceptable salt thereof and/or

hydrate thereof.

29. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 3 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about. 0 ppb to about 20 ppb of Aluminum from the water.
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30. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 6 monthsor less, said Aluminum comprising, from about 0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 0 ppb to about 20 ppb of Aluminum from the water.

31. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 9 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

32. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 12 monthsor less, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

33. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 2 wt%relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

34. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 1 wt%relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsor less.
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35. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 0.5 wt%relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

36. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount of about 0.3 wt%relative to L-cysteine after storage at ambient temperature

for a period of 9 about months.

37. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 2 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 months orless.

38. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 1 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

39. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.5 wt%o relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

40. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.3 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

41. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.2 wt%relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

42. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the
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composition in an amount not more than 0.1 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

43. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 1.0%.

44. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.9%.

45. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.8%.

46. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.6%.

47. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.4%.

48. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.2%.

49. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the pH of the composition is about

1.6 to about2.0.

50. A stable composition from about 100 mL to about 1000 mL for administration via

a parenteral infusion within about 24 to about 48 hours of admixture, comprising a mixture

of a composition of L-Cysteine of embodiments 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

39, 40, 41, 42, 43, 44, 45, 46, 47, 48 or 49; and an amino acid composition that is essentially

free of L-Cysteine comprising one or more aminoacidsselected from the group consisting
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of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine,

tryptophan,alanine, arginine, glycine, proline, serine, and tyrosine.

51. The stable composition for infusion of embodiment 50, wherein the composition of

L-Cysteine is the composition of embodiment 1, 12 or 28.

52. The stable composition for injection of embodiment 50 or 51, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 100 ppb.

53. The stable composition for injection of embodiment 50, 51 or 52, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 50.0 ppb.

54. The stable composition for injection of embodiment 50, 51, 52 or 53, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 30.0 ppb.

55. The stable composition for injection of embodiment 50, 51, 52, 53 or 54, further

comprising a sugar.

56. The stable composition for injection of embodiment 50, 51, 52, 53, 54 or 55,

wherein the sugaris dextrose.

57. A method of reducing Aluminum administration from a parenteral nutrition

regimen comprising L-cysteine, comprising:

administering to a subject a composition of embodiment 50, 51, 52, 53, 54,

55 or 56,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine.

58. The method of embodiment 57, wherein the Aluminum is reduced by about 5%, or

about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or about 35%, or

about 40%, or about 45%, or about 50%, or about 55%, or about 60%, or about 65%, or

about 70%, or about 75%, or about 80%, or about 85%, or about 90%, or about 95%.

59. A method of reducing Aluminum administration from a total parenteral nutrition

regimen comprising L-cysteine, the method comprising, mixing a composition comprising

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine; and
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pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more aminoacids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion having a volume of about 100 mL to about 1000 mL,

wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to

about 4-5 micrograms/kg/day.

60. Amethod of treating a subject having an adverse health condition that is responsive

to L-cysteine administration, comprising:

diluting a stable L-cysteine composition of embodiments 50, 51, 52, 53, 54, 55 or

56, with an intravenousfluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

61. The method of embodiment 57, 58, 59, or 61, wherein said administering is from

30 minutes to about 24-48hrs.

62. The method of embodiment 61, wherein the amount of Aluminum in the

composition results in a daily dosage of Aluminum from about | mcg/kg/day to about 4

meg/kg/day, or about 2 mcg/kg/day to about 4 mcg/kg/day, or about 1 mcg/kg/day to about

5 mcg/kg/day, or about 2 mcg/kg/day to about 5 mcg/kg/day.

63. The method of embodiment 61 or 62, wherein the intravenousfluid is a member

selected from the group consisting of: isotonic saline, glucose solution, glucose saline,

dextrose solution, crystalline amino acid solution, and combinations thereof.

64. The method of embodiment 61, 62 or 63, wherein administering is performed via

intravenousinfusion.

65. The method of embodiment 61, 62, 63, or 64, wherein L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof is administered at a rate of

from about 1 mL/min to about 10 ml/min.
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66. The method of embodiment 61, 62, 63, 64 or 65, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount from about 50 mg to about 1200 mg.

67. The method of embodiment 61, 62, 63, 64, 65 or 66, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount of about 100-500 mg.

68. The method of embodiment 61, 62, 63, 64, 65, 66 or 67, wherein the L-cysteine is

L-cysteine hydrochloride monohydrate.

69. The method of embodiment 61, 62, 63, 64, 65, 66, 67 or 68, wherein the subject is

a subject in need of total parenteral nutrition (TPN).

70. The method of embodiment61, 62, 63, 64, 65, 66, 67, 68 or 69, wherein the subject

is an infant having an age of 6 monthsorless.

71. The method of embodiment 61, 62, 63, 64, 65, 66, 67, 68, 69, 70 or 71, wherein the

therapeutically effective dosing regimen is a total parenteral nutrition (TPN) dosing

regimen.

72. A method of preparing the composition of any above embodiment, comprising

stirring Water for Injection, USP (WFI) in a vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NTL about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum ofabout 10 minutes;

Capping the vessel under Argon and allowing to stand; and
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Performing Head Space oxygen Reduction after filling, wherein the dissolved

oxygen is about 0.1 ppm to about 5 ppm.

With this in mind, the following examples are intended to iflustrate, but not lint,

various aspects of the compositions and methods described herein.

Examples

Example 1

Compounding L-Cysteine Hydrochloride Injection, USP, 50 mg/mL, 10 mL Vial

 Compounding wasinitiated with the addition of 40 + 1.0 kg of Water for Injection,

USP (WFI) wasadded to the Xcellerex Mixing System via an addition funnel. A target

water temperature of NMT 60°C was maintained throughout WFI addition using a heat

exchanger. With continuous mixing at a speed of 126 rpm, Argon overlaying of the WFI

began in the mixing bag and continued until the dissolved oxygen was NMT 1 ppm;then

the mixing bag wasallowedto cool to a temperature of NMT 30°C.

With continuous mixing and Argon overlaying, the L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) was added directly into the vortex of the mixing bag.

The mixing continued for NLT 15 minutes or until complete dissolution was observed.

The dissolved oxygen content was measured and recorded prior to the addition of L-

Cysteine, immediately following the addition of L-Cysteine, and following the NLT 15-

minute mixing period. With continuous mixing and Argon overlaying, the temperature,

pH anddissolved oxygen of the solution was measured and recorded. Argon overlaying

continues until the dissolved oxygen was NMT 1 ppm.

With continuous mixing and Argon overlaying, the solution’s pH was adjusted to a

target of 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0 N Sodium Hydroxide,

NF. Following pH adjustment, the solution was allowed to mix for a minimum of 10

63

NexusEx. 1024

Page 199 of 466



Nexus Ex. 1024 
Page 200 of 466

10

20

SUBSTITUTE SPECIFICATION — MARKED Atty. Ref. No. 066859/509450

minutes, and then the pH wasverified and adjusted as needed with the Hydrochloric

Acid, NF and/or N Sodium Hydroxide, NF. Then,the solution’s weight, adjusted pH and

dissolved oxygen was measured and recorded.

With continuous mixing and Argon overlaying, the solution was q.s.’d with the

WFI to a final weight of 50.6 kg and allowed to mix for approximately 10 minutes. The

final solution weight, solution temperature, solution pH, and dissolved oxygen was then

measured and recorded. Following these steps, the mixing bag wasfully inflated with

Argon and capped, and the solution was transferred from the mixing bag to the solution

holding bag.

Example 2

L-Cysteine Injection in High Quality Glass Vials

L-Cysteine injection was compounded as per Example 1. The bulk solution was

filled then using high quality glass vials (10 mL) from Schott. These vials are known as

Schott Type 1 USP glass. The glass was a standard glass of pharmaceutical quality but

was uncoated. The product was put on stability and was monitored for impurities,

particulates, and Aluminum. The product was quite stable for all the time points tested up

to 12 months. There were no unacceptable particulate counts.

However, as the data show, the product resulted in an unacceptably high aluminum

content. The data for aluminum levels are shown below.

Table 6. Aluminum Levels

6 Months

Lot # Release 25°C/60% RH 40°C/75% RH 
Example 3
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L-Cysteine Injection in Plastic Vials

L-Cysteine injection was compounded as per Example 1. The bulk solution was

filled then using plastic vials obtained from Medicopak, Inc. These vials are made ofcyclic

olefin copolymer (COC). The product was put on stability and was monitored for

impurities, particulates, and Aluminum. The product was not stable beyond | month at

accelerated storage conditions and failed at room temperature conditions by the third month

data point.

Table 7. Particulate levels

  
 
 

 
 
 
 

 

Release 1 Month/ 3 Month/

40°C/75% RH* 25°C/60% RH*

Failed Visual, Failed Visual,
articulates articulates

Failed Visual, Failed Visual,

particulates particulates
Passing Failed Visual, Failed Visual,

articulates articulates

Lot Number’ Vial

 

 

   
 

XMHG1700/ 10 mL COC

vial

XMHGI1701/ 10 mL COC

vial

XMHG1702/ 10 mL COC

vial

Passing 

 
  Passing
     

  

However, the product showed acceptable aluminum content. The data for aluminum levels

are shownbelow.

Table 8. Aluminum Levels

Lot XMHG 1700|LotXMHG1701|Lot XMHG 1702

1 ppb 2 ppb 1 ppbTime Zero

  
 

Aluminum at additional time points was not measured because the product was abandoned

due to unacceptably high particulate count.

Example 4
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Headspace Reduction and Argon Overlay

Data from Example 3 show that plastic vials do not provide the desired purity and

stability of a L-cysteine composition for injection. This study was to evaluate the

parameters to determine headspace oxygen reduction conditions. The product was

manufactured as per Example 1. The drug product was overlaid with Argon until the

dissolved oxygen levels were no more than (NMT) 1 part per million (PPM). Vials were

filled and placed in the VirTis Benchmark Lyophilizer, OP4159, for Head Space reduction.

In addition, empty vials were also placed into the lyo for Head Space reduction as part of

the study.

Multiple points were monitored during the manufacturing process as part of the

study including the following: 1) Compounding; 2) Pre-Filling; 3) Filling; 4) Post Filling;

and 5) Head Space Reduction (HSR). The monitoring involved taking dissolved oxygen

(DO) measurements on drug productfor filled vials throughout the manufacturing process

and performing Head Space Gas Analysis on drug product for both filled and empty vials

post head space reduction. Additionally, fill hold samples representing the maximum

exposure during the filling step were analyzed for the dissolved oxygen and Head Space

Oxygen Analysis.

The sampling andtesting that was performed per the study is shown in Table 9.

Samples were collected throughout the manufacturing process to determine the impact of

critical process parameters on its predeterminedcritical quality attribute.

Table 9: Sampling and Testing Methodology

Operation Sample Testing Acceptance
P Location/Quantity Requirements Criteria

The bulk solution was mixed under

Argon overlaying. Measure and record
final solution weight, solution
temperature, solution pII, and dissolved Dissolved
oxygen. Oxygen

Dissolved

Oxygen < 1
ppm

Compounding

Measure and record the final dissolved
oxygen.
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Filling

Filling
Hold

For Load A [Trays 1 - 4, 17 - 20] use
forceps to remove four (4) filled vials
fromeach tray asit is filled Fully seat
the stoppers of the removedfilled vials
immediately after removal and then
label vials appropriately
As Tray| is loaded into the Lyo, using
forceps, carefully remove 20 vials from
the appropriate locations. Do not fully
stopper the vials. Mark the vials “Fill
Hold”

Similarly, after Tray 21 has been
completely filled and is being placed
into the cart, use forceps to remove
twenty (20)filled vials from the
appropriate

As Tray 21 is being loadedinto the
Lyophilizer for Head Space Reduction,
use forceps to remove two (2) ofthe
vials marked “Fill Hold”, fully seat the
stoppers of the vials, and label
appropriately.

Atty. Ref. No. 066859/509450

Dissolved

Oxygen

Dissolved

Oxygen

Dissolved

Oxygen
=Report Value

Dissolved

Oxygen
=Report Value

 

Lyo Loading

Capping

  For Trays 1 — 4, 17 — 20, 21 - 24, and
37 — 40, use forceps to remove two (2)
filled vials, as each trayis loaded into
the Lyo, fully seat the stoppers of the
vials, and label appropriately

Following headspace reduction and
immediately prior to loading eachtray
into the RAB for capping, use forceps to
remove four(4) filled vials from each
tray. Place a mark on each ofthe
removed vials for identification

purposesand place the markedvials
backinto the tray. Load the tray into the
RAB for capping. Following the
capping of each tray, remove the
marked vials from the tray and label
appropriately.

67

 Dissolved

Oxygen

Dissolved

Oxygen

Head Space
Gas Analysis

  Dissolved

Oxygen
=Report Value

Dissolved

Oxy gen
=Report Value

Head Space Gas
Analysis

=Report Value
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Dissolved

: . a Dissolved Oxygen
Following headspace reduction and Oxygen =Report Value

Capping capping, remove Lhe eighteen (18) vials
Fill Hold marked “Fill Hold” from Tray 21 for

testing.
Head Space Gas

Analysis
=Report Value

Head Space
Gas Analysis

 

The data collected are as follows: Dissolved oxygen; Comparison of dissolved

oxygen levels per tray at various stages of the manufacturing process; Filled vials head

space oxygen, Held vials dissolved oxygen (ppm) and head space oxygen content (%);

Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space Oxygen

Content (%).

Dissolved oxygen data at various stages of the manufacturing process are shown in

Table 10. A two (2) hour delay in the DOtesting for the Post Filling - Pre HSR samples

(Tray 1 — 4; tested using gas calibration) exhibited an average value of 11.77 ppm, an

increase of 6.65 ppm from the average of 5.12 ppm measuredlive timeafter filling using

the liquid calibration. Furthermore, the samples tested live time but using the gas

calibration (Tray 17 — 20) exhibited an average value of 6.41 ppm, an increase of 1.29 ppm

from the average of 5.12 ppm measuredafter filling using the liquid calibration. Starting

Tray 21 of the Post Filling — Pre HSR step, the calibration was corrected to a liquid

calibration. Comparison ofdissolved oxygen levels at various stages of the manufacturing

process is provided in Figures 1 and 2.

Table 10. Dissolved Oxygen Levels.

Post Filline Pre HSR Past Fil Dax Post HSR_Cappi Filled

FrayNunher : : 
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Post Filling -Pre HSR Post Filling - During Post HSR -Capping - FilledTray Number

| 11,932

Loading of Lvo (ppm) Vials (ppm)

0.480

0.470

0,508

10.179

2d 238
11.486

In
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Table 11. Filled Vials Head Space Oxygen.

Frayunmber (o% Oxygen)(%Oxygen)
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Tray Number Post HSR -Capping- Filled Vials Post Capping - Empty VialsifrayNumber -
(% Oxygen) (% Oxygen) 

Table 12. Held vials dissolved oxygen (ppm) and head space oxygen content (%).
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Head Space Orreen 34

 

Held Vials— Dissolved Oxygen Post Dissolved Oxygen Post Head Space Oxygen % Post
Tray1 / Tray Filling — Loading of Lyo HSR — Capping — Filled HSR- Capping — Filled Vials

Vials(ppm) 
Table 13. Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space

Oxygen Content (%).

Dissolved Oxygen Dissolved Oxygen Head Space Oxygen %
Pre LUSR (ppm) PostUISR- (ppm) Post LISR (%)
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Empty Vials Avg.

PROT-000055 Study
Filled Vials Avg.

2018-RD-022 Study

Empty Vials Avg.

2018-RD-022 Study

Filled Vials Avg. 
The results from these experiments demonstrate the effectiveness ofthe Head Space

Reduction (HSR) cycle in attaining reduced and consistent dissolved oxygen (DO)levels

in the finished drug product. The results showed a trend with an increase in dissolved

oxygen level from 0.36 parts per million (ppm) recorded during compounding, to an

average of 5.12 ppm measuredafter filling, a further increase to an average of 9.92 ppm

while loading the Lyophilizer, and finally a reduction of dissolved oxygen to an average of

0.50 ppm after headspace reduction. The overall trends are displayed in Figures 1 and 2.

The plots and data also show that the average increase in dissolved oxygen levels from

compoundingtothefilled vials was 4.76 ppm. Also, as the vials were stored in the transfer

cart, an average dissolved oxygen increase of about 4.80 ppm was observedprior to being

loaded in the Lyophilizer for head space reduction. The total average increase in dissolved

oxygen levels from compoundingto vials being loaded in the lyophilizer was 9.56 ppm.

The average decrease in dissolved oxygen observed in vials post head space reduction was

9.42 ppm. In addition, the oxygen levels obtained across all trays analyzed pre and post

HSRwereconsistent throughout the manufacturing process.

Head Space Gas Analysis was performed on both filled and emptyvials taken from

designated locations in selected trays. Percent (°o) Oxygen results achieved acrossthe trays

showed a relatively uniform head space reduction process throughout the chamber. The

average %o Oxygen for the empty vials was found to be 1.15%, compared with 1.21% for

the filled vials (Reference Table 11).
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Dissolved Oxygen and Head Space Gas Analysis were also performed on the Held

Vials from designated locations in Tray 1 as part of the stressed sample analysis over the

course of the manufacturing process. The results showed a comparable trend to that

observed for the regular samples across the study (Reference Table 12). Specifically, an

increase in dissolved oxygen level from 0.36 ppm recorded during compounding, to 5.64

ppm measuredafterfilling, a further increase to an average of 10.58 ppm while loading the

Lyophilizer, and finally a reduction of dissolved oxygen to an average of 0.57 ppm after

headspace reduction. The average % Oxygen for the filled held vials was found to be

1.48%, compared with 1.21% forthe filled regular vials. This indicated that the HSR cycle

waseffective in achieving comparable DO and Headspace oxygenresults irrespective of

the maximum fill time exposure (approximately 7 hours; represented by the Fill Hold

Vials) and has no impact on the quality of the product. The use of the Lyophilizer, in the

Head Space Reduction of L-Cysteine Hydrochloride Injection, USP (50 mg/mL) has been

shown to be effective for the control of reduced and consistent oxygen levels, and is

suitable for scale up for the existing process and equipment as the product meets all the

critical quality attributes.

Example 5

Head space oxygen reduction was accomplished using an automated filling

equipment that can handle high speedfilling, in contrast to slow or low volumeoperation

such as through a lyophilizer as described in Examples 1 and 4. The high-speedfiller is

capable of using vacuum and gas overlay in alternate pulses to reduce the head space

oxygen. Each pulseis timed to be within 0.1 to 5 seconds such that typically 3-5 pulses are

conducted in one head space oxygen reduction cycle. The pulse rate can be adjusted after

multiple trials to provide optimal headspace reduction with optimal speed ofthefiller such

that no productis lost through back suction or through spillage and average speeds of from

about 20 vials/minute to about 200 vials per minute, depending on the numberoffill heads

used.
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A 50 L batch was preparedutilizing the current compounding procedure described

above in Example 1. Thefiller was set up to fill and reduce head space oxygen as per the

process shownin Figure 3.

The total head space reduction cycle lasted about 25 seconds per operation. The

5 vials were analyzed for head space oxygen at time zero and at 1-month time point. The

data are shown below.

The evaluation of the filler’s performance demonstrated that the headspace oxygen

control was comparable to or better than the current process for L-Cysteine. Headspace

oxygen values obtained ranged from 0.2% to 0.5% forall vials filled, including empty vials

10 during start up. Vials tested after 1-month storage at ambient conditions also maintain

headspace oxygen levels between 0.4 and 1.5%. The Tables below show a summaryof the

results for the in process and 1-month stability testing. Also included below is a comparison

of the in-process data obtained from previously manufactured lots of L-Cysteine utilizing

the lyophilizer headspace reduction method. The data show the headspace oxygen values

15 at Time Zero are lower with the high-speedfiller than the lyophilizer process.

Table 14. Headspace Oxygen Levels at Time Zero for High-Speed Filler

PROT-000213— Time Zero

Tray Overat Overall Average10 High

Table 15. Headspace Oxygen Levels at 1 Month for High-Speed Filler

 
20
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PROT-000213 -— 1 Month

—No. 5 ae No. 10
0.412|1.518|0.995 1.454 1.262

Table 16. Comparison of Headspace Oxygen Levels between Lyophilizer and High-Speed
Filler Operations

 

 
5

XMHJ1706 XMHJ1707 PROT-000213

Process) (C irrentProcess) (Current (Current (High Speed
" Process) Process) Filler)

Average 2.3 % Oxygen i Oo 0.4 % Oxygen
Low N/A , 0.2% Oxygen
High N/A 0.5% Oxygen

1 Month Room 0 , 2.8 % 12% 1.1 % Oxygen
0.9 Yo Oxygen Oxygen|(04 %to 1.5%)

N/A — Not Applicable

Figure 4 shows the comparison of oxygen headspace control between the

lyophilizer chamber headspace control method versus the high-speed filler vacuum

10 stoppering system. The lyophilizer chamber for headspace reduction wasutilized for lots

XMHJ1705, XMHJ1706, and XMHJ1707 ofL-Cysteine Hydrochloride injection. The time

zero oxygen headspace results for the engineering batch PROT-000213 are shown in

comparison to the previously manufactured lots. Results shown were measuredat the time

of manufacturing on samples of vials from the batches. Oxygen percentage was taken for

15 the samples from PROT-000213 using the NeoFox Phase Fluorometer. Lots XMHJ1705,

XMHJ1706, and XMHJ1707 used Argon Headspace Analysis, QCTM-000014.

In addition to the head space oxygen levels, dissolved oxygen levels were also

measured. Data are shownin Figure 5.

The dissolved oxygen levels and head space oxygen levels were measured again at

20 1 month stability time point at room temperature conditions:
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Table 17. Headspace and Dissolved Oxygen Data Comparison at | month

  Study — 1 Month

TrayNo.10aSaSage
HeadspaceO2 0.576 0.412 1.518 1.475 0.98 1.454

Dissolved O2|DisoledOn(ppm) 0.545 0.706 2.328 2.042 2.173 2.372
Example 6

 
Purity Profile and Long-Term Stability of L-Cysteine Composition for Injection

AnL-cysteine composition for injection was manufactured as described in Example

1. The glass used was Schott Type 1 USP Plusglass, internally coated with silicon dioxide.

The composition was subjected to stability testing to evaluate the stability of the

composition over time. Table 18 showsvarious stability data collected for the L-cysteine

composition for injection over a 9-month testing period. Samples of exhibit batches stored

upright at room temperature for 9 months at 25 °C/ 60% RH. Note: two samples were

tested for dissolved oxygen and head-space oxygen.

Table 18. Characterization of L-Cysteine Composition for Injection

XMHJ1705 XMHJ1706 XMHJ1707

U U
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L-Cysteine HCl 100.4%

Related Compounds:
L-Cystine 0.3%
Pyruvic Acid Total 0.1%
Specified RRT-1.98 0.2%
Individual ND

Unspecified 0.5%
Total Impurities

Atty. Ref. No. 066859/509450

0.3%

0.2%

0.2%

ND

0.7%

101.2%

 

Dissolved Oxygen (1) 0.12 ppm

Head-Space Oxygen (1) 0.16%
2) 0.37%

3.2 ppb

Description Clear colorless
solution

77

 (1) 0.13 ppm
2

(1) 0.53%
2) 0.89%

2.9 ppb

Clear colorless

solution

  (1) 0.56%
2) 0.50%

5.6 ppb

Clear colorless

solution
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Example 7

Effect of Dissolved Oxygen and Headspace Oxygen on L-cysteine and Cystine Levels

AnL-cysteine composition for injection was manufactured as described in Example

1. However, samples of exhibit batches were tested without head-space reduction and

argon overlay during compounding, then filled, stoppered and capped. Samples were

tested within one week of manufacturing date. Data in Table 19 show the markedeffects

of lack of headspace and dissolved oxygen on component levels within one week. L-

Cystine increased by about 0.4%- 0.7% within a week for samples with higher dissolved

oxygen and head-space oxygen.

Table 19. Effect of lack of Headspace and Dissolved Oxygen Control on Product Purity

 Prior to Prior to Prior to Ave Values

Head-Space Head-Space Head-Space for after
Reduction Reduction Reduction completed
Tray 1 Tray 19 Tray 23 Batch

A; 100.1% 100.0% 102.0%

L-Cystine 0.1%

 
 
 
  

 
 
 
 
 

 
Head-Space 20.8% 20.3% 20.3%
Oxygen
Dissolved 8.3 ppm 8.6 ppm 8.6 ppm 0.50 ppm

  
Example 8

Evaluation of Anions in L-Cysteine Product

Inorganic anionic leachables were determined using validated potentiometric

methodsutilizing ion selective electrodes. Fluoride and Iodide were evaluated forthis drug

product. The leachablestesting results are listed in Tables 20 and 21 below.
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Table 20. Leachable Iodide Results for L-Cysteine HCI Injection

 
 

 

  
 

 

 

   

 

    
[T] (ppb)

XMHJ1705

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted

1 28.1 274 25.2 24.9

2 25.9 26.3 24.0 24.1

3 25.3 21.6

Average 26.1 . 23.5
sD 0.9 1. 1.6

XMHJ1706

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted

1 81.7 80.3 82.8 81.8

2 83.1 81.7 81.5 81.3

3 81.7 81.7 81.8 82.8

Average 82.2 81.2 80.3 82.1

% RSD 0.9 10|09|27 02|09|
XMHJ1707

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal Upright|Horizontal
1 53.5 52.3 53.1 51.7 514 50.8

2 52.5 54.0 53.7 51.8 52.0 53.5

3 54.4 52.8 53.8 53.6

Average 53.5 53.0 52.4 52.3

% RSD 18 17|08|22 2.1

Table 21. Leachable Iodide Results for L-Cysteine HCI Injection

 
 

 

 
 

 

 

  
 
 

[I] (ppb)

XMHL1702A XMHL1702B

25 °C/60 %RH|40 °C/75 %RH|25 °C/60 %RH|40 °C/75 %RH

6 month 6 month

Iodide
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The leachable results for Fluoride indicate levels below 20 ppb and no observable trend in

leachable amount over time or temperature dependence. The leachable results for Iodide

indicate that levels were observed ranging from ~20-80 ppb. No noticeable trend in

leachable amountincluding vial orientation or temperature dependence wasobserved.

Example 9

Elemental Leachables

Elemental leachables were evaluated using a validated inductively coupled plasma

mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and

otherliterature in the art. The results for the elemental leachables analysis are summarized

in the Table below. The Table lists the Allowable Elemental Concentrations (AEC) for

each identified element.

Table 22. Elemental Impurity Leachables Results for L-Cysteine HCIInjection

[X] (ppb)

 

 

  
 

    
 

XMHJ1705 XMHJ1705

25 °C/60 %RH 40 °C/75 %RH
Element AEC

(ppb) Time point (months)
a

Nowiaonm [Tae [os [>[ize[oe [as[2 [oot

Chromium 2 6 <QL

Barium 2 <0,5 2 <QLTin . 3 0.88

Gold PoefsforeFo 176
Selenium 715 <0.5|<QL <OL 0.1 <0.5 2 <QL
Nickel 194 11 9 16.66 8.1 11 9 0.99
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Arsenic <QL

Aluminum <QL

Vanadium <QL

Silver <QL
Ruthenium 0.74

Rhodium 4.29

Platinum <QL <QL

Palladium <QL
Osmium

= [=o|or]
sfTo[a [a OL

indi 502

Thallium 3.59

Cobalt . Foro 0 <QL 
 

     
Lead 3.33

Mercury 1.10
Cadmium 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1705

25 °C/60 %RH

Element Timepoint (months)
12 12

HOR UP

Molybdenum 14537 0.4 0.4 0.5
Tron 

Chromium 

Barium

ee= 2907 5|08|06|ienimesoefora
[eo9Pos PoeTt

Antimony 0.4Selenium 3 “OL
Nickel

 

 

® 9%|©)
<QL|<QL|<QL

Vanadium 97 “OL =o =
Rhodium

Aluminum 120

 

Platinum 

Palladium

MercuryCadmium 19 “OL SOL Son
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1706 XMHJ1706

25 °C/60 %RH 40 °C/75 %RHAEC
Element

(ppb)

  
Time point (months)

 

   

 

  

 

 

Molybdenum|14537 132|04|<05|2 1.33
Zine 12598 8.23|23.9|10|36|4.25

Barium 6784|<0.5|<QL|<QL|<QL|1 1 <QL

Tin s8is_|1 2|29|13 1 3 2.08

Copper 2907 <QL|<QL|<QL 1 <QL

Lithium

Gad|992|3paseon)2|+|3
Antimony 872 ost|<QL|1 2 0.91

Selenium <QL 0.6 1 3 <QL

Nickel 14|ou|tc 

NyseArsenic 174 <0.5|<QL 

Aluminum 120 <QL

XoVanadium <QL|<QL |97
Sve

Ruthenium 0.73|<QL|<05|2 0.73

Rhodium 429|<QL|<05|8 4.28

Platinum <Q|<aL|<05|1 <QL
 

        Palladium 97 1

Osmium 97 1

Iridium 97 7

Thallium 3.59|<u|<05|5 3.59

Cobalt <QL|<QL|<05|<05|<QL

Lead 5.53|20|2 6 5.53

Mercury

Cadmium 130|<QL|<o5|2 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1706

25 °C/60 %RH

Element Timepoint (months)

Molybdenum 14537|04|04|04|
Zinc 12598 3

Tron 11

Chromium 1

 

12

0.4

6

55

1

0.6

2

0.2

0.6

2

12
UP

0.4

8

10

1

0.4

2

QL
0.2

0.3

0.5

 

Barium 0.4

Tin 5815 1{2|24]

Manganese 2423 0.1|06|02|

Gold 969|02

Antimony 872 0.6
Selenium 775 0.4 0.4

Nickel 194

74

 

 

14 14 14

Arsenic 1 0.8 0.5 0.4

(5) (6) (D
Aluminum 120 <OL|<OL <QL

Ruthenium 97|0.005

Rhodium 97 0.005|0.008

Platinum 97 QL|<QL
Palladium 97|004|002|0.03

Osmium 97|<QL

=o| <OL

=o| <0
2 2

07|07

 
 

 

 
 

   
 

Mercury 29 0.7

Cadmium 19 <QL|0.004|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1707 XMHJ1707

AEC 25 °C/60 %RH 40 °C/75 %RH
Element  

Timepoint (months)

1 sjefofats 6
Molybdenum|14537|<0.5 Lj 122|04}0s]2 121Zine 12598|10 38|3.91

 

  Barium <a OLTin 2.13 3 2,22

Copper <QL OL a
Ciba—[oars[aos[axe [sasox[as]6|5am

Gold 99|3|3 3.48

Antimony 872,|1 I 2|1.06

Selenium 775 <0.5|<QL aoforfas}2 ts 
  

Nickel 7.71 10

Arsenic

Aluminum =O <OL aI <OL
Vanadium 97 <QL|<QL orbeoctastap

Silver 97|<0.5 “o a
Ruthenium 97|<0.5|0.73|<Qu|<o5|2|0.73
Rhodium 97|<0s|4|429|<oL|<os|8|4.28
Platinum 97|<05 5|<QL|<QL|<5]1[|<QL
 

 

Palladium <QL|<QL 1 <QL

Osmium <QL 1 <QL

Iridium 5.95|<QL 7 5.94
 

Thallium 73|<05|4 3.56

Cobalt 48|<0.5|<0.5 <QL

Lead 48 2 sfssifis}2|6|5.55
Mercury 29|<0.5 jos|oofosta 0.89Cadmium 19 <0.5|1.30 1.29 <OL <O.5 1,29
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1707

25 °C/60 %RH

Element
Timepoint (months)

12 12
UP

Molybdenum 14537 0.4 0.4 0.4

il

3

2

Tron 

Chromium 1 

Barium

ieaneCon 2907|02
Manganese 2423 0.2

Antimony 

Selenium

Nickel

®) 25) GD)
Aluminum 120 <OL|<OL <QL

Vanadium 97 “OL =o <QL
Ruthenium <0 0.004|0.001
Rhodium

Platinum

 

 

 

Palladium

Mercury .Cadmium 19 “OL <QL|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

   
 

XMHJ1702A
25 °C/60 “RH

Element AEC Timepoint
(ppb) months

INV UP

Molybdenum 14537 1
Zine 12598|17

Iron 12598 5 59

Chromium 10660 5 1

Barium 6784 1 0.4

Tin 5815 2|1|
Copper 2907 1

Manganese 2423 2
Lithium 2423 8

Gold 969 7

Antimony 872 <QL 0.3

Selenium 715 <QL <QL
Nickel 194 11 15

Arsenic 174 0.3

Aluminum 120 OL SOL
Vanadium 97 3 <QL

Silver 97 2

Ruthenium 97 0.9

Rhodium 97 8 0.01

Platinum 97 <QL
Palladium 97 0.1

Osmium 97 0.8

Iridium 97 10

Thallium 78 7 <QL

Cobalt 48 3 0.03

Lead 48 8 2

Mercury 29 1 0.6

Cadmium 19 0.5 <QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1702A XMHJ1702A
25 °C/60 %RH 40 °C/75 %RH

Element  

Time point (months)

0

i

 

 me]Ww]be
[=

tina[2023[6[Wa[wa[as[oafe[6 [ot

Nickel

an

 

Arscnic 

Aluminum
 

Vanadium

Palladium

Osmium 

Indium

Thallium
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

Element

Molybdenum
Zinc

co
ww oO

XMHJ1702B
25 °C/60 %RH

XMHJ1702B
40 °C/75 %RH

Time point (months)

 

Tron 12598 nN 

Chromium 10660 RON Barium

Antimony

6784

969
872

  
 

Selenium 

Nickel 

Arsenic

Aluminum

97Palladium

|6|

2
3
lo
2

Zz

Z|Z>|>
Zz>
Zz>

/A|<QL|<QL
IK

[N/A]4[<Qu{8|8|9|4|
<QL

4

 

Osmium 97 

Iridium 97 

Thallium

 
78

0.5A

2

VAVAVAPAVA
Z|Z>|>

         
Example 10

Visual Inspection of Filled Vials

The L-Cysteine product that was manufactured bythe two methods(i.e., lyophilzer

chamber method and high-speedfiller method) were inspected at after 1 month after

production for visible signs of degradation in the form of visible particulate matter. In the

presence of oxygen, two L-Cysteine residues will form a disulfide covalent bond forming

L-Cystine. L-Cystine has a lower solubility (0.112 mg/mL) than L-Cysteine (50 mg/mL),

in somecases the degradant can be visually observed.
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Table 23. Comparison ofParticulate Matter

PROT-000213 XMHJ1705 XMHJ1706 XMHJ1707

Total Vials 1918 3473 3473

 

White PM

Overall %

     
As the data show, no confirmed degradation was observed by either method

indicating that the head space oxygen reduction and dissolved oxygen levels achieved

herein are successful in producing L-Cysteine injection of desirable quality attributes.

All documents cited or referenced in the application cited documents, and all

documents cited or referenced herein (“herein cited documents”), and all documents cited

or referenced in herein cited documents, together with any manufacturer’s instructions,

descriptions, product specifications, and product sheets for any products mentioned herein

or in any document incorporated by reference herein, are hereby incorporated herein by

reference, and may be employed in the practice of the invention.

co 99 66

As used herein, “a,” “an,” or “the” can mean one or more than one. For example,

“a” cell can mean a single cell or a multiplicity of cells.

Also as used herein, “and/or” refers to and encompasses any and all possible

combinations of one or more of the associated listed items, as well as the lack of

combinations wheninterpreted in the alternative (“or”).

The term “consists essentially of (and grammatical variants), as applied to the

compositions of this invention, means the composition can contain additional components

as long as the additional components do not materially alter the composition.

As used herein, the term “about” is used to provide flexibility to a numerical range

endpoint by providing that a given value may be “a little above” or “a little below” the

endpoint. Unless otherwise stated, use of the term “about” in accordance with a specific

number or numerical range should also be understood to provide support for such

numerical terms or range without the term “about”. For example, for the sake of
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convenience and brevity, a numerical range of “about 50 milligrams to about 80

milligrams” should also be understood to provide support for the range of “50 milligrams

to 80 milligrams.” Furthermore, it is to be understood that in this written description

support for actual numerical values is provided even when the term “about” is used

therewith. Furthermore, the term “about,” as used herein when referring to a measurable

value such as an amount of a compoundoragentofthis invention, dose, time, temperature,
 

     and the like, is meant to encompassvariations of +20%, +10%, +5%, +1%, +0.5%, or even
 

 +0.1%ofthe specified amount. To be clear, the range encompassed by “about” will include

all discrete values within that range, regardless of whether such discrete values are

explicitly specified and/or prefaced by “about.” Equivalents permissible for such discrete

values as well as all ranges and subranges are within the scope ofthis disclosure.

Concentrations, amounts, and other numerical data may be expressed or presented

herein in a range format. It is to be understood that such a range format is used merely for

convenience and brevity and thus should be interpreted flexibly to include not only the

numerical values explicitly recited as the limits of the range, but also to include all the

individual numerical values or sub-ranges encompassed within that range as if each

numerical value and sub-range is explicitly recited. As an illustration, a numerical range

of“about 1 to about 5” should be interpreted to include not only the explicitly recited values

of about 1 to about 5, but also include individual values and sub-ranges within the indicated

range. Thus, included in this numerical range are individual values such as 2, 3, and 4 and

sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5,

individually. This same principle applies to ranges reciting only one numerical value as a

minimum or a maximum. Furthermore, such an interpretation should apply regardless of

the breadth of the range or the characteristics being described.

Having thus described in detail preferred embodiments of the present invention, it

is to be understood that the invention defined by the above paragraphsis notto be limited

to particular details set forth in the above description as many apparent variations thereof

are possible without departing from the spirit or scope of the present invention.
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STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND

METHODSOF USE

TECHNICAL FIELD

The subject matter described herein relates generally to compositions for parenteral

administration comprising L-cysteine that are stable and have desirable safetyattributes

for extended periodsoftime.

BACKGROUND

L-cysteine is a sulfur-containing amino acid that can be synthesized de novo

from methionine and serine in adult humans. L-cysteine performs a variety of

metabolic functions. For example, L-cysteine is involved in growth and protein

synthesis andit is a precursor for glutathione, an important intracellular antioxidant.

L-cysteine is generally classified as a non-essential amino acid or “semi-

essential” amino acid because it can be synthesized in small amounts by the human

body. However, some adults can still benefit from L-cysteine supplementation.

Further, L-cysteine has been classified as conditionally essential in some cases. For

example, L-cysteine can be conditionally essential in preterm infants due to

biochemical immaturity of the enzyme cystathionase that is involved in L-cysteine

synthesis. Thus, there are a number of circumstances in which L-cysteine

supplementation can be desirable.

The subject matter described herein addresses the shortcomings of the art by

providing L-cysteine compositions that facilitate the desired supplementation but

with an exceptional safety, purity and stability profile.

BRIEF SUMMARY

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:
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L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 part per billion (ppb) to about 250

ppb,

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace Oz that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

wherein the composition is enclosed in a single-use container having a volumeof

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb,

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;
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dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

optionally one or more metals selected from the group consisting of Lead from

about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic from

about 0.1 ppb to 10 ppb, and Mercury from about 0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about 1000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cysteine described herein; and an amino acid composition that is

essentially free ofL-Cysteine comprising one or more aminoacids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain aspects, the subject matter described herein is directed to a method of

reducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion having a volumeof about 100 mL to about 1000 mL,
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wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to

about 4-5 micrograms/kg/day.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain aspects, the subject matter described herein are directed to methods of

administering L-Cysteine together with a composition for parenteral nutrition, comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a preterm

infant or newborn to about 1 month of age. Someof these subjects may weigh from about

0.5 kilos to about 2.0 kilos. In another aspect, the subject is a pediatric patient that is of

about 1 month to six months of age. Some of these subjects may weigh from about 0.2

kilos to about 20 kilos. In another aspect, the subject is an adult requiring parenteral

nutrition.

These and other aspects are more fully described herein.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in attaining

reduced and consistent dissolved oxygen (DO) levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and
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finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction. This demonstrates the specific phase of manufacturing at which and to the

specific level that oxygen needs to be controlled in the product.

Figure 2 depicts the overall trend of the results from the experiments that

demonstrate the effectiveness of the Head Space Reduction (HSR) cycle in attaining

reduced and consistent dissolved oxygen (DQ) levels in the finished drug product. The

results showed a trend with an increase in dissolved oxygen level from 0.36 parts per

million (ppm) recorded during compounding, to an average of 5.12 ppm measured after

filling, a further increase to an average of 9.92 ppm while loading the Lyophilizer, and

finally a reduction of dissolved oxygen to an average of 0.50 ppm after headspace

reduction.

Figure 3 depicts a processfiller set up to fill and reduce head space oxygen.

Figure 4 showsdata for the process of Example 4. The plot shows comparison of

oxygen headspace control between the lyophilizer chamber headspace control method

versus the high-speed filler vacuum stoppering system. The time zero oxygen headspace

results for the batch PROT-000213 are shown in comparison to the previously

manufactured lots. Results shown were measuredat the time of manufacturing on samples

of vials from the batches.

Figure 5 depicts the data measured for dissolved oxygen levels in the process of

Example 4.

DETAILED DESCRIPTION

The presently disclosed subject matter will now be described morefully hereinafter.

However, many modifications and other embodiments of the presently disclosed subject

matter set forth herein will come to mind to one skilled in the art to which the presently

disclosed subject matter pertains having the benefit of the teachings presented in the

foregoing descriptions. Therefore, it is to be understoodthat the presently disclosed subject

matter is not to be limited to the specific embodiments disclosed and that modifications
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and other embodiments are intended to be included within the scope of the appended

claims. In other words, the subject matter described herein covers all alternatives,

modifications, and equivalents that are within the ordinary skill in the art. In the event that

one or more of the incorporated literature, patents, and similar materials differs from or

contradicts this application, including but not limited to defined terms, term usage,

described techniques, or the like, this application controls. Unless otherwise defined,all

technical and scientific terms used herein are intended to have the same meaning as

commonly understood by one of ordinary skill in this field. All publications, patent

applications, patents, and other references mentioned herein are incorporated by reference

in their entirety.

Advantageously, it has been found that the desirable attributes of L-cysteine

compositions for infusion can be obtained without the characteristic impurity profile that

is known in the art. Such impurity profile makes the product less safe to be used by

patients, in particular, preterm and term infants and pediatric patients of 1 month to 1 year

as well as critically ill adults. Specifically, the art formulations fail to address the issues

related to the amounts of Aluminum and cystine, among other impurities, that can be

routinely present and co-administered with L-cysteine. It has now been found that L-

cysteine compositions for injection can be prepared using the methods described herein

whereby the compositions unexpectedly comprise exceedingly low levels of Aluminum

and other undesirable impurities, such as cystine, pyruvic acid, certain heavy metals and

certain ions. As a result, the present compositions and methods of using said compositions

are safer to the intended subject compared to the currently available compositions and

methods. Further, the product is also rendered more stable byvirtue of lower levels of

cystine generated by the manufacturing processes described herein.

As described herein, without being bound to theory, it has been found that the

problems of safety, purity and stability are results not simply or directly from the level of

Aluminum, but are also intertwined with dissolved oxygen levels in the composition and

oxygen in the headspace as well as certain heavy metals and certain ions that may leach or

be extracted out of the container closure.
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An L-Cysteine for injection product was prepared with the aim to provide a product

that would be acceptable for administration to infants, pediatric and adult patients. High

quality Schott glass vials and stoppers were used. See Example 2. It was however found

that glass containers contribute more significantly than expected to the Aluminum content

of L-cysteine compositions stored therein to the point where the product did not meet the

specifications for certain components. Products having such Aluminum levels would

likely be deemed unsafe by the FDA. Assuch, efforts were focused on identifying the

sources of Aluminum in the product and attempts to minimize it in the product. These

efforts led to the unexpected discovery that simply removing a source of Aluminum by

replacing glass with plastic did not result in a product having the desired properties.

Additional efforts to identify the root cause for the productfailure led to the finding

that the product likely failed because oxygen entered the plastic container and into the

product at a rate higher than previously expected or predicted. For example, the plastic

container product failed in somecasesin less than 1-2 months. See Example 3. This finding

wasalso unexpected. Increased oxygen levels in the product led to unacceptable levels of

oxidation products, such as cystine, which precipitated and caused particulates in the

product. Particulates are dangerousin injectable compositions and create a safety concern,

in addition to the stability issue to the product.

However, the precipitation may have been exacerbated by reduction in Aluminum

since Aluminum in solution may have a stabilizing effect. Consequently, removing

Aluminum may have the unintended consequence of increased precipitation and product

failure in the presence of even small amounts of oxygen in the container. This was

unexpected.

Additionally, controlling heat in the process including during the compounding

and/or sterilization activities, unexpectedly was found to be beneficial for preparing stable

L-Cysteine compositions described herein. This was surprising because L-Cysteine has

been used in parenteral products as an excipient where the product is subjected to terminal

sterilization which exposes the product to high temperatures such as 120 °C.
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Some subjects that would be receiving L-Cysteine supplementation are, as

discussed elsewhere herein, pre-term neonates or full-term infants that are underweight, or

infants that may be full term and are not underweight but are still candidates for treatment,

in many cases for longer term treatment. For example, some of these subjects may be

treated with L-Cysteine for several days or several weeks, even several months. In these

cases, 1t is imperative that the subjects are not exposed to potentially toxic or undesirable

levels of some anions and heavy metals that maybe present in drug products. Examples of

such heavymetals include but not limited to Lead, Nickel, Arsenic and Mercury. Examples

of anions that should be monitored include but not limited to iodide, and fluoride. Many

of these are introduced into drug products through manufacturing processes, container

closure systems, or the drug substance and the excipients. The levels of the heavy metals

and anions may not be a concern with many drug products becausethe patient population

exposed to the drug may be not as vulnerable as in the case of L-Cysteine, or the dosing of

such drug products may be very limited, i.e., for one or a few doses. For the reasons noted

above, it is imperative that L-Cysteine drug product, its administration, its manufacture,

and its container closure system are carefully evaluated for the levels of heavy metals and

selected anions. Thestate of the art is lacking in providing any specific guidance on the

need for this evaluation, the specific heavy metals and anions on which to focus, and how

to achieve control over the levels. The L-Cysteine compositions, methods of

administration and manufacture, selection of container closure system and the excipients

and the drug substance as describedhereinfill that need.

Thus, in summary,as described herein, reducing aluminum drastically to extremely

low levels in the product, reducing oxygen to very low levels in the process and in the

composition, and/or reducing or eliminating heat in the process, and in consideration of

data showing selection of the appropriate container, stopper, drug substance, and

excipients, individually or in combination(s), resulted in achieving a safe, stable

composition of L-Cysteine injection that could be administered safely even to very delicate

pediatric subjects such as pre-term neonatal subjects that are as young as a day and may

weigh as low as 0.5 kilos, for a few days to several weeks.
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L-cysteine for injection is a marketed product used as a componentofa nutritional

supplement regimenreferred to as total parenteral nutrition (TPN). The Aluminum content

in known L-cysteine compositions for injection is higher than desired. Moreover, when

the L-cysteine composition is combined with certain amino acids prior to administration,

the amino acids contribute some amount of Aluminum, and Aluminum levels can further

increase. TPN admixtures constitute several other components (in addition to amino acid

mixtures) such as electrolytes (such as Potassium Phosphate, Calcium gluconate, and

sodium acetate). These electrolytes may also contribute to high Aluminum levels in TPN

admixtures (Smith et al., Am. J. Health Syst. Pharm., vol. 64, April, 1, 2007, pp. 730-739).

This is of particular concern since administration of the L-cysteine is often to infants (some

of them pre-term) for nutritional support. A focus of the subject matter described herein is

in minimizing the Aluminum levels coming from L-Cysteine compositions so that when

admixed with other ingredients of TPN admixtures, the overall Aluminum levels could be

reduced while minimizing introduction of undesirable materials such as heavy metals,

anions, and particulates. All of these components are present in amounts that are below

levels determined to be safe.

L-cysteine (2-Amino-3-sulfhydrylpropanoic acid} is a sulfur-containing amino

acid having a structure according to FormulaI:

OQ

HS OH

L-cysteine performs a variety of metabolic functions. For example, L-cysteine is a

precursor for antioxidants, such as glutathione andtaurine, that support oxidative defense

and a healthy immune system. L-cysteine can also play a role in the synthesis of essential

fatty acids and facilitate production of cell membranes and protective covers of nerve

endings. Additionally, L-cysteine can be an important precursor for many proteins, such

as structural proteins in connective tissue. Thus, the depletion or absence of cystathionase

activity in premature fetuses and newbornsto synthesize L-cysteine de novo hasled to the
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categorization of L-cysteine as a conditionally essential amino acid. Additionally,

administration of L-cysteine can be valuable to treat a number of conditions in subjects,

whetheror not the subject is a premature infant or neonate.

Known pharmaceutical compositions that contain L-cysteine can typically contain

undesirable levels of certain components. Cystine is an oxidation product of L-cysteine.

Like L-cysteine, cystine can be synthesized in the liver. Further, both L-cysteine and

cystine can be present as amino acid residues in proteins. However, because cystine is an

oxidation product of L-cysteine, it is possible that the amount of cystine can increase over

time. Thus, it may be desirable to maintain the amount of cystine within predetermined

levels over time. Forall practical purposes, cystine and L-Cystine are used interchangeably

herein. Pyruvic acid is another undesirable compound that can be found in L-cysteine

compositions knownin the art. It is possible that the amount of pyruvic acid in these

compositions can increase over time. Thus, it may be desirable to maintain the amountof

pyruvic acid within predeterminedlevels over time.

Perhaps of most concern is the level of Aluminum in known L-cysteine

compositions. Aluminum contamination and associated Aluminum toxicity can lead to a

number of adverse conditions such as metabolic bone disease, neurodevelopmental delay,

cholestasis, osteoporosis, growth failure, dementia, and the like. It is desirable to allow no

more than 4-5 mcg/kg/day of Aluminum to avoid toxicity. It is preferable to keep the dose

on the conservative side as much as possible, i.e., at 4 mcg/kg/day to avoid accidental

overdosing in case Aluminum from some other reason (unanticipated or unknown source

or due to humanerror) is introduced. Up to now, known L-cysteine compositions contain

up to 5000 ppb Aluminum. Even levels of 900 ppb are known in currently available

products. In stark contrast, described herein are compositions that provide a therapeutically

effective amount of L-cysteine, while containing less than 250 ppb Aluminum,including,

in certain embodiments, less than 200 ppb, or less than 175 ppb, or less than 150 ppb, or

less than 125 ppb, or less than 120 ppb, or less than 100 ppb, or less than 80 ppb, or less

than 75 ppb, or less than 60 ppb, or less than 50 ppb, or less than 40 ppb, or less than 30

ppb, or less than 20 ppb, or less than10 ppb, or less than 5 ppb, or less than 1.0 ppb. Thus,

what has now been achieved is an unexpected and substantial reduction in Aluminum

10

NexusEx. 1024

Page 237 of 466



Nexus Ex. 1024 
Page 238 of 466

10

15

20

25

SUBSTITUTE SPECIFICATION — CLEAN Atty. Ref. No. 066859/509450

content of an L-Cysteine composition that permits exposure to less than or equal to 4-5

microgramsper kilogram per day (ug/kg/d) to avoid or minimize Aluminum toxicity while

still providing therapeutically effective L-cysteine in a stable composition. In some aspects,

the compositions described herein permit an Aluminum dose of as low as 0.6

micrograms/kg/d, improving significantly the safety of the L-Cysteine product and its

administration.

High risk patient populations for Aluminum toxicity in the context of parenteral

nutrition include the following: Renal Insufficiency and Infants: Renal elimination is a

major source ofAluminum removal. Therefore, patients with renal compromise and infants

with immature renal function are at risk of Aluminum accumulation. Pregnant women:

The fetus is vulnerable to Aluminum contamination in parenteral nutrition since Aluminum

may be transferred across the placenta. Elderly: Age is a well-knownrisk factor for renal

impairment and thusresults in a higher risk of Aluminum toxicity. Other studies suggest

that Aluminum toxicity may be due to increased absorption of Aluminum due to a

weakened GI protective barrier.

The compositions and methods described herein provide the means to support the

nutritional needsofpatients, including preterm infants or infants with low birth weight, but

reducethe risks associated with Aluminum ingestion. Most preterm and low birth weight

infants tend to require parenteral nutrition with amino acid supplementation during their

hospital stay. However, as mentioned above,infants are a particularly high-risk population

for Aluminum toxicity. To address such issues, in certain embodiments, the compositions

comprise about 34.5 mg/mL of L-cysteine (measuredas a base,1.e., not measured as HCI

and monohydrate) and no more than 250 ppb, preferably about 120 ppb, or lower, of

Aluminum. These compositions with no more than 120 ppb of Aluminum,andin certain

embodiments, about 120 ppb, or 100 ppb, or 80 ppb, or 60 ppb, or 50 ppb, or 20 ppb, or 10

ppb or 5 ppb or 1.0 ppb, or any suitable subrange encompassingthe specific values,in units

of 5 ppb, permit great flexibility with respect to the amino acid supplementation for TPN

preparations.
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L-Cysteine injection is administered after being added to a parenteral nutrition

composition such as an amino acid composition, or a sugar-source such as dextrose or a

lipid source or a combination of the foregoing. It is preferred that L-Cysteine is added to

the amino acid composition, which may be administered separately or in combination with

other components of a parenteral nutrition regime such as sugars and lipids. For present

purposes, the Aluminum content of the combined L-Cysteine and amino acid solution is of

interest, and is monitored. L-Cysteine may be dosed at 15 mg per gram of amino acids or

sometimesat a high concentration,i.e., 40 mg/gram of aminoacids.

Commercially available amino acid product labeling for example indicates that 25

meg/L of Aluminum is contributed from the product itself. The general recommended

maximum doseis 4 g of amino acids/kg body weight. Generally amino acids solutions are

available as 10% (10 g/100 mL) which would necessitate 40 mL volumeto be administered

for a 1 kg preterm neonatal patient. Based on this the amino acids solution is expected to

contribute to about 1 mcg/kg/day. This leaves about 3 mcg/kg/day from other sources

including L-cysteine. In some scenarios, there may be five or more other components

including L-cysteine that can contribute to varying levels of Aluminum in TPN mixtures.

Forthe sake of illustration, assumethere are five contributors that contribute equally. The

expected maximum Aluminum contribution that may come from L-Cysteine would be (3

mceg/kg/day)/5 = 0.6 mcg/kg/day. In light of Smith et al. (Am. J. Health Syst. Pharm., vol.

64, April, 1, 2007, pp. 730-739), significant contributors to Aluminum levels besides amino

acids and L-Cysteine are Potassium Phosphate, Potassium Acetate, Sodium Acetate, and

Calcium Gluconate. The reference indicates that contributions from all of these are high

such that 100% of pediatric (including preterm and full-term infants) TPNs have >4

ug/kg/day (range 12 — 162 ug/kg/day) of Aluminum coming from various sources. Even

after carefully selecting the products with the least Aluminum content components among

those available for treatment, the TPNs have > 4 ug/kg/day. This finding for example

highlights the need to systematically reduce the amount of Aluminum in each productthat

will be incorporated into a TPN admixture. The current efforts are directed to providing L-

Cysteine compositions that offer exceedingly low Aluminum levels.
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Oneofthe difficulties with establishing dosing levels of L-Cysteine with an eye to

keep the Aluminum administration to below or at a certain amountis the lack of uniformity

in the art as to how to categorize the subjects in terms of their age and weight. This

imprecise terminology has been used often blurring the boundaries among the patient

groups, making it difficult to assess which patient should receive what amount of L-

Cysteine, and hence how much Aluminum would result. As such, the art does not suggest

what the levels of Aluminum exposure should be, nor does it provide a solution that

minimizes Aluminum exposure during a TPN regimen. Following Table 1 shows a

streamlined approach to categorize the potential patient population and their proposed daily

doses of L-Cysteine.

Table 1. Daily Dosage of L-Cysteine

L-Cysteine
Protein® Dosage

Requirement L-Cysteine Dosage (mg
Age (g/kg/day)! (mg cysteine/g AA)|cysteine/kg/day)

Preterm and term infants less than 1 month 3 to 4 45 to 60

of age

Pediatric patients 1 monthto less than 1 2to3 30 to 45
year of age

“et

Pediatric patients 12 years to 17 years of 0.8 to 1.5
age

Adults: Stable Patients 0.8 to 1

“Protein is provided as amino acids. Wheninfused intravenously, amino acids are metabolized and utilized as the building blocks of
protein.

4to 7.5 
From the above Table, it should be noted that the most need for L-Cysteine is for

the preterm infant. Therefore, to safely administer L-Cysteine compositions, the Aluminum

level in the compositions must be substantially less than what is in commercially available

products and those described in the art. There has been no specific guidance in the art

howeverofhow low this Aluminum level should be, and how to achieve compositions with

such low Aluminum levels. To the extent there may be some guidance,the levels proposed

are considered higher than desirable.
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L-Cysteine Injection as presented herein in some embodiments contains no more

than 120 mcg/L (120 ppb) of aluminum (0.0035 mcg of aluminum/mgof cysteine). The

maximum dosage of aluminum from L-Cysteine Injection is not more than 0.21

mcg/kg/day when preterm and term infants less than 1 month of age are administered the

dosage of L-Cysteine injection (15 mg cysteine/g of amino acids and 4 g of amino

acids/kg/day). IfL-Cysteine is added to TPN containing aminoacid and dextrose solutions

(which each may contain up to 25 mcg/L of aluminum) as well as other additive drug

products,the total amount of aluminum administeredto the patient from the final admixture

should be considered and maintained at no more than 5 mcg/kg/day.

However, with prolonged parenteral administration in patients with renal

impairment, the aluminum contained in L-Cysteine Injections disclosed herein may reach

toxic levels. Preterm infants are at a greater risk for aluminum toxicity because their

kidneys are immature, and they require large amounts of calcium and phosphate solutions,

which also contain aluminum. Prolonged administration herein may mean at least one

week, or may be up to 2-4 weeks. In someaspects, the administration could continue for

up to 24 weeks.

Patients with renal impairment, including preterm infants, who receive parenteral

levels of aluminum at greater than 4 to 5 mcg/kg/day, accumulate aluminum at levels

associated with central nervous system and bonetoxicity. Tissue loading may occurat even

lower rates of administration. Therefore, it is essential that aluminum levels in the L-

Cysteine drug product are carefully controlled and kept at as low as possible. Such

embodimentsare disclosed herein.

Looking more specifically at contribution of Aluminum bythe prior products, data

show that the Aluminum levels of 5,000 ppb or even the 900 ppb associated with these

products are not desirable or acceptable. Tables 2-3 report the Aluminumcontribution from

the commercial product of prior art with 900 ppb or 5000 ppb Aluminum level based on

two scenarios: a) an L-Cysteine dosing regimen based on 15 mg/gram of aminoacids; and

b) an L-Cysteine dosing regimen based on 40 mg/gram of amino acids. The Tables also
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show the Aluminum contribution from an L-Cysteine product as described herein and

having a level of 120 ppb.

Table 2. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum
 

Age L-Cysteine Dose at|Aluminum Aluminum Aluminum
(15 mg/g AA) Contribution|Contribution|Contribution

from 900 ppb|from 5,000|from 120 ppb
product ppb product product

||mg/kg/day|mL/kg/day|mcg/kg/day_|mcg/kg/day_|meg/kg/day_|
Preterm and 45 to 60 1.18 to 1.57|6.53 to 8.70|0.157 to

term infants 0.209

less than 1

month

Pediatric 30 to 45 0.79to 1.17|4.35to0 6.52|0.1 to 0.157

patients |
monthto less

than | yr
Pediatric 15 to 30 0.40 to 0.79|2.18to 4.35|0.053 to 0.1

patients | yr
to 11 yrs
Pediatric 0.11 to 0.20|0.58 to 1.09

patients 12 yrs
to 17 yrs

Adults: Stable|4 to 5 0.18 to 0.11t0 0.14|0.58 to 0.73|0.022 to

Patients 0.23 0.028

Adults: 7 to 10 0.32 to 0.2to 0.28|1.02to146|0.038 to

Critically ill 0.46 0.055
patients

Table 3. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum

 

   
 

Age L-Cysteine Doseat Aluminum Aluminum Aluminum
(40 mg/ g AA) Contribution|Contribution Contribution

from 900|from 5,000 ppb|from 120 ppb
ppb product|product product

Preterm and 120 to 160|3.48 to|3.13 to 4.17|17.39 to 23.19|0.42 to 0.56

term infants Icss 4.64

than | month

Pediatric 80 to 120|2.32 to|2.09 to 3.13|11.59 to 17.39|0.28 to 0.42

 

patients 1 month 3.48
to less than | yr

Pediatric 40 to 80 116 to|1.05 to 2.09|5.79 to 11.59|0.14 to 0.28

patients | yr to 2.32
11 yrs
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10.66 to] 0.31 to|0.28 to 0.53|1.56 to 2.94 0.04 to 0.07

20 0.58

to|0.28 to 0.35|1.56 to 1.94 0.04 to 0.047

Atty. Ref. No. 066859/509450

Pediatric

patients 12 yrs
to 17 yrs

Adults: Stable

Patients

Adults:

Critically ill
atients

 

to|0.49 to 0.70|2.72 to 3.89 0.065 to 0.09 
If the preterm infants are given the high dose of L-cysteine (40 mg / gram of amino

acids), this requires that a dose of 160 mg/kg (4.64 mL/kg) of L-Cysteine at a (base)

concentration of 34.5 mg/mL be delivered. (See Table 3 above). The compositions

described herein contribute about 0.0035 mcg Aluminum per each mg of L-cysteine, or

0.12 meg of Aluminum per each mL at 120 ppb. Thus, a dose of 160 mg/kg (4.64 mL/kg)

L-cysteine delivers only 0.56 mcg/kg Aluminum at 40 mg/g of AA dosing on the higher

end, or 0.157 meg/kg at 15 mg/g of AA dosing on the lower end. See Tables 2-3. In

contrast, if art products were to be used, these patients would receive either 23 mcg/kg (for

the product that contains 5,000 ppb of Aluminum), or 4.2 mceg/kg of aluminum (for the

product that contains 900 ppb of Aluminum). Given that the total daily intake permissible

for Aluminum is expected to be ideally less than 4-5 mcg/kg, the art products already

exceed the entire daily Aluminum level and do not leave room for Aluminum contribution

from other TPN components. Therefore, these known high Aluminum-containing products

are likely to be deemed unsafe by the FDA andare neither desirable nor acceptable. In

contrast, the L-Cysteine compositions presented herein provide Aluminum levels ranging

from 10 ppb to about 250 ppb. Taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb asillustrations,

the Tables below estimate the amount of Aluminum delivered for each class of patients

using 34.5 mg/mL L-Cysteine product when being dosed at 15 mg/g of Amino Acids.

Table 4. Aluminum Contribution (Based on a Cysteine Dose of 15 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum 

      
Age L-Cysteine|Aluminum Aluminum Aluminum Aluminum

Dose at|Contribution|Contribution|Contribution|Contribution

15mg/g AA|from 20 ppb|from 50 ppb|from 120 ppb|from 150 ppb
product product product

mg/kg/day|mcg/kg/day|mcg/kg/day|mcg/kg/day|mcg/kg/day
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Preterm 45 to 60 0.026 to 0.065 to 0.157 to 0.195 to

and term 0.035 0.088 0.209 0.26

infants Icss

than 1

month

Pediatric 30 to 45 0.017 to 0.043 to 0.1 to 0.157|0.13 to

patients | 0.026 0.065 0.195
month to

less than 1

yr
Pediatric 5 0.009 to 0.022 to 0.053 to 0.066 to

patients 1 0.017 0.044 0.11 0.125

Pediatric 0.009 to 0.022 to 0.027 to

patients 12 0.01 0.026 0.033
yrs to 17
yrs

Adults: 0.009 to 0.022 to 0,027 to
Stable 0.12 0.028 0.035

Patients

Adults: 7 to 10 0.006 to 0.016 to 0.038 to 0.048 to

Critically 0.009 0.23 0.055 0.069
ill patients

    
 

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 45 to 60 mg/kg/day of L-Cysteine and from about 0.02 to

about 0.3 mcg/keg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 30 to 45 mg/kg/day of L-

Cysteine and from about 0.01 to about 0.25 mecg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 15 to 30 mg/kg/day of L-Cysteine and from about 0.005 to about 0.15

meg/ke/day of Aluminum.

In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to

about 0.04 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 4 to 5 mg/kg/day of L-

Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine
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to deliver 7 to 10 mg/kg/day of L-Cysteine and from about 0.004 to about 0.08 mcg/kg/day

of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 45 to 60 mg/kg/day of L-Cysteine and from about 0.02

to about 0.3 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 1 month to less than 1 year of age a parenteral L-

Cysteine composition that delivers 30 to 45 mg/kg/day of L-Cysteine and from about 0.01

to about 0.25 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 1 year to 11 years of age a parenteral L-Cysteine

composition that delivers 15 to 30 mg/kg/day ofL-Cysteine and from about 0.005 to about

0.15 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

composition that delivers 4 to 7.5 mg/kg/day of L-Cysteine and from about 0.003 to about

0.04 mcg/ke/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 4 to 5 mg/kg/day of

L-Cysteine and from about 0.003 to about 0.04 mcg/kg/day of Aluminum, admixed with a

parenteral nutrition composition. In some embodiments, a method of safe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-

Cysteine composition that delivers 7 to 10 mg/kg/day of L-Cysteine and from about 0.004

to about 0.08 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Further, taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb asillustrations, the Tables

below estimate the amount of Aluminum delivered for each class of patients using 34.5

mg/mL L-Cysteine product when being dosed at 40 mg/g of Amino Acids.
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Table 5. Aluminum Contribution (Based on a Cysteine Dose of 40 mg/g of Amino Acids)
from an L-Cysteine Product (34.5 mg/mL) with 20 ppb, 50 ppb, 120 ppb or 150 ppb of
Aluminum

 

 

L-Cysteine|Aluminum Aluminum Aluminum Aluminum
Dose at 40|Contribution|Contribution|Contribution|Contribution

mg/g AA from 20 ppb|from 50 ppb|from 120 ppb|from 150 ppb
product product product

||mg/kg/day|meg/kg/day|meg/kg/day|meg/kg/day|mog/kg/day
Preterm 120 to 160|0.07 to 0.09|0.175 to 0.42 to 0.56|0.525 to 0.7

and term 0.233

infants less

than |

month

Pediatric 80 to 120|0.047 to 0.117 to 0.28 to 0.42|0.35 to

patients 1 0.07 0.175 0.525
month to

less than |
t

Pediatric 40 to 80 0.023 to 0.058 to 0.14 to 0.28|0.175 to

patients 1 0.047 0.117 0.35
yrto 11 yrs
Pediatric 10.66 to 0.007 to 0.017 to 0.04 to 0.07|0.05 to

patients 12|20 0.012 0.029 0.088
yrs to 17
ts

Adults: 0.007 to 0.017 to 0.04 to 0.05 to

Stable 0.008 0.02 0.047 0.059

Patients

Adults: 0.011 to 0.027 to 0.065 to 0.081 to

Critically 0.015 0.038 0.09 0.113
ill patients

     
In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 120 to 160 mg/kg/day of L-Cysteine and from about 0.05

to about 0.8 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteineto deliver 80 to 120 mg/kg/day of L-

Cysteine and from about 0.03 to about 0.6 mcg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver 40 to 80 mg/kg/day of L-Cysteine and from about 0.01 to about 0.4 mcg/kg/day

of Aluminum.
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In some embodiments, parenteral L-Cysteine compositions provide about 35

mg/mL of L-Cysteine to deliver 10 to 20 mg/kg/day of L-Cysteine and from about 0.005

to about 0.1 mcg/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine

compositions provide about 35 mg/mL of L-Cysteine to deliver 10 to 15 mg/kg/day of L-

Cysteine and from about 0.005 to about 0.06 mceg/kg/day of Aluminum. In some

embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL of L-Cysteine

to deliver about 18 to 28 mg/kg/day of L-Cysteine and from about 0.01 to about 0.15

mcg/ke/day of Aluminum.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to preterm and term infants of less than 1 month of age a parenteral L-

Cysteine composition that delivers 120 to 160 mg/kg/day of L-Cysteine and from about

0.05 to about 0.8 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administering to pediatric patients 1 month to less than 1 year of age a parenteral

L-Cysteine composition that delivers 80 to 120 mg/kg/day of L-Cysteine and from about

0.03 to about 0.6 mcg/kg/day of Aluminum, admixed with a parenteral nutrition

composition. In some embodiments, a method of safe administration of L-Cysteine

comprises administering to pediatric patients 1 year to 11 years of age a parenteral L-

Cysteine composition that delivers 40 to 80 mg/kg/day of L-Cysteine and from about 0.01

to about 0.4 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

In some embodiments, a method of safe administration of L-Cysteine comprises

administering to pediatric patients 12 years to 17 years of age a parenteral L-Cysteine

composition that delivers 10 to 20 mg/kg/day ofL-Cysteine and from about 0.005 to about

0.1 mceg/kg/day of Aluminum, admixed with a parenteral nutrition composition. In some

embodiments, a method of safe administration of L-Cysteine comprises administering to

adult stable patients a parenteral L-Cysteine composition that delivers 10 to 15 mg/kg/day

ofL-Cysteine and from about 0.005 to about 0.06 mcg/kg/day of Aluminum, admixed with

a parenteral nutrition composition. In some embodiments, a method ofsafe administration

of L-Cysteine comprises administering to critically ill adult patients a parenteral L-
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Cysteine composition that delivers 18 to 28 mg/kg/day of L-Cysteine and from about 0.01

to about 0.15 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition.

Accordingly, what is provided herein, among other things, are therapeutically

and/or nutritionally effective amounts of L-cysteine with significantly minimized risk of

Aluminum toxicity.

I. Definitions

Asused herein, the term “stable” refers to a composition that has the component

profiles described herein, for example, Aluminum, L-Cystine, and pyruvic acid, at the

levels described and for the amount of time identified. In other words, a stable composition

will contain the specified levels of all components for sufficient period of time to enable

the composition to be commercially manufactured, stored, shipped, and administered in a

clinical setting. In general, products are considered stable if the period of time is three

months, or three to six months, or three to 12 months, or three to 15 months, or three to 18

monthsor three to 24 months.

As used herein, the term “dissolved oxygen” refers to oxygen that is found in the

aqueouscarrier of the compositions. Distinguished from dissolved oxygen is the headspace

oxygen. As used herein, the term “headspace oxygen”refers to the oxygen that is found

in the headspace volumeofthe sealed container comprising the composition.

As used herein, the term “cystine precipitate” refers to undissolved L-cystine. The

undissolved cystine may be visually detected as particulate matter in solution.

As used herein, “subject” refers to a mammal that may benefit from the

administration of a composition described herein. In one aspect, the mammal may be a

human.

The term “prophylaxis” or “prophylactic” refers to the continued absence of

symptomsofthe disease or condition that would be expected had the combination not been

administered.
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As used herein, the terms “formulation” and “composition” are used

interchangeably and refer to a mixture of two or more compounds, elements, or molecules.

In some aspects, the terms “formulation” and “composition” may be used to refer to a

mixture of one or more active agents with a carrier or other excipients. Compositions can

take nearly any physical state, including solid and/or liquid (i.e. solution). Furthermore,

the term “dosage form”can include one or more formulation(s) or composition(s) provided

in a form suitable for administration to a subject. As used herein, the term “compositions

for injection” andthelike, refers to a composition that is intended for injection, including

dilution and admixing with other components prior to injection. Said injection may be

administered as an intravenous injection, or as an intravenous infusion. When administered

as infusions, the compositions may be administered through a peripheral vein in limited

circumstances or more commonly through a central vein. One ofskill in the art would have

experience with such administrations.

Asused herein, “effective amount” refers to an amountof an ingredient, such as

L-cysteine, which, when included in a composition, is sufficient to achieve an intended

compositional or physiological effect. Thus, a “therapeutically or nutritionally effective

amount”refers to a non-toxic, but sufficient amountof an active agent, to achieve

therapeutic or nutritional results in treating or preventing a condition for which the active

agent is knownto be effective or providing nutritional value to prevent effects of

malnutrition. It is understood that various biological factors mayaffect the ability of a

substance to perform its intended task. Therefore, an “effective amount” or a

“therapeutically or nutritionally effective amount” may be dependent in someinstances

on such biological factors. Additionally, in some cases an “effective amount” or a

“therapeutically or nutritionally effective amount” may not be achieved in a single dose.

Rather, in some examples, an “effective amount” or a “therapeutically or nutritionally

effective amount” can be achieved after administering a plurality of doses over a period

of time, such as in a pre-designated dosing regimen. Further, while the achievement of

therapeutic/nutritional effects may be measured by a physician or other qualified medical

personnel using evaluations knownin the art, it is recognized that individual variation

and response to treatments may make the achievement of therapeutic or nutritional effects
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a subjective decision. The determination of an effective amount is well within the

ordinary skill in the art of pharmaceutical and nutritional sciences as well as medicine.

As used herein, the term “substantially” refers tothe complete or nearly

complete extent or degree of a component, or an action, characteristic, property, state,

structure, item, or result. The exact allowable degree of deviation from absolute presence

of such a component, or an action, characteristic, property, state, structure, item, or result

may in some cases depend on the specific context. However, generally speaking,

“substantially” will be so near as to have the same overall result as if absolute and total

extent or degree were obtained. The use of “substantially” is equally applicable when used

in a negative connotation to refer to the complete or near complete lack of a component, or

an action, characteristic, property, state, structure, item, or result. For example, a

composition that is “substantially free of’ a component would either completely lack the

component, or so nearly completely lack the componentthat the effect would be the same

as if it completely lacked the component. In other words, a composition that is

“substantially free of’ an ingredient or element maystill actually contain such component

as long as there is no measurable effect thereof, for example, trace amounts. As used

herein, “essentially free” means a component, or an action, characteristic, property, state,

structure, item, or result is not present or is not detectable.

The terms “treat” and “treatment” refer to both therapeutic treatment and

prophylactic or preventative measures, wherein the object is to prevent or slow down

(lessen) an undesired physiological change, disorder or adverse health condition. For

purposesofthis disclosure, beneficial or desired clinical results include, but are not limited

to, alleviation of symptoms, diminishment of extent of the condition, stabilized (7e., not

worsening) state of the condition, delay or slowing of progression of the condition,

amelioration or palliation of the condition, and absence of condition (whether partial or

total), whether detectable or undetectable. “Treatment” can also mean prolonging survival

as compared to expected survival if not receiving treatment. Those in need of treatment

include those already with the condition or disorder as well as those prone to have the

condition or disorder or those in which the condition or disorderis to be prevented.
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The term “pharmaceutically acceptable salts’ denotes salts which are not

biologically or otherwise undesirable. Pharmaceutically acceptable salts include both acid

and base addition salts. The phrase “pharmaceutically acceptable” indicates that the

substance or composition must be compatible chemically and/or toxicologically, with the

other ingredients comprising a formulation, and/or the mammal being treated therewith.

The phrase “pharmaceutically acceptable salt,” as used herein, refers to pharmaceutically

acceptable organic or inorganic salts of a molecule. A pharmaceutically acceptable salt

may involve the inclusion of another molecule that acts as a counterion. The counterion

may be any organic or inorganic moiety that stabilizes the charge on the parent compound.

Furthermore, a pharmaceutically acceptable salt may have more than one charged atom in

its structure. Hence, a pharmaceutically acceptable salt can have one or more charged

atoms and/or one or more counterions. In the case of L-cysteine, the hydrochloride salt

form is preferred.

The phrase “single-use container” refers to a sealed pharmaceutically prepared

container holding a drug product in a sterile environmentthat is intended to be used in a

single operation of transferring the entire contents or substantially entire contents, wherein

the transfer operation spans no more than 10-12 hrs, but often less than 8 hrs, or even six

hours. It should be recognized that the single-use container is generally preservative-free

and that if multiple transfers are attempted, they should be completed in a short duration,

i.e., less than about 8-10 hrs from the first breach of the sterile environment. In some

aspects the single-use container may be used to administerall of its contents to one subject

in need thereof. In some aspects the single-use container may be used to administer its

contents to more than one subject in need thereof.

As used herein, the term “mixing” refers to admixing, contacting, blending,stirring

or allowing to admix, mix, blend, stir and the like.

As used herein, the term “safe” refers generally to a property of the compositions

and methods described herein relative to art method and compositions and/or to FDA

regulatory determination of the compositions and methods as part of a therapeutically or

nutritionally effective regimen. For example, with respect to known L-Cysteine
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compositions, an Aluminum level of greater than 300 ppb would be generally considered

to render the L-Cysteine product unsafe. Other examples with respect to safety are

described and discussed herein with respect to Aluminum,pyruvate, Cystine, heavy metals,

anions, and particulates.

Additional definitions are provided herein where appropriate.

IL. Compositions

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

In certain aspects, the subject matter described herein is directed to a safe, stable L-

cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mL to about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250 ppb;
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L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature;

optionally present can be one or more metals selected from the group consisting of

Lead from about 1.0 ppb to about 10 ppb, Nickel from about 5 ppb to about 40 ppb, Arsenic

from about 0.1 ppb to 10 ppb, and Mercury from about0.2 ppb to about 5.0 ppb;

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

The Aluminum in a composition can be determined using any known

analytical method, such as those required by FDA regulations, and can include atomic

absorption and mass spectrometry. In certain embodiments, the Aluminum that is present

in the compositions is present in an amount from about 1.0 ppb to about 250 ppb, or from

about 1.0 ppb to about 180 ppb, or from about 1.0 ppb to about 170 ppb, or from about 1.0

ppb to about 160 ppb, or from about 1.0 ppb to about 150 ppb, or from about 1.0 ppb to

about 130 ppb, or from about 1.0 ppb to about 100 ppb, or from about 1.0 ppb to about 50

ppb, or from about 1.0 ppb to about 20 ppb.

In some embodiments the L-Cysteine and Aluminum areat a ratio of from about

35 million:1 (i.e., about 35 million units of L-Cysteine to | unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum areat a ratio of about 4 million:1. In some

embodiments the L-Cysteine and Aluminumareat a ratio of about 1.8 million:1 (i.e., about

1.8 million units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminum are at a ratio of about 700,000:1 (i.e., about 700,000 units of L-
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Cysteine to | unit of Aluminum). In some embodiments the L-Cysteine and Aluminum

are at a ratio of about 300,000:1 (i.e., about 300,000 units of L-Cysteine to 1 unit of

Aluminum). In some embodiments the L-Cysteine and Aluminumareat a ratio of about

230,000:1 (i.e., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum are at a ratio of about 170,000:1 (.e., about

170,000 units of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine

and Aluminum are at a ratio of about 140,000:1 (i.e., about 140,000 units of L-Cysteine to

1 unit of Aluminum).

Thus, in some embodiments the L-Cysteine and Aluminum are at a ratio of from

about 35 million:1 (1.e., about 35 million units of L-Cysteine to 1 unit of Aluminum) to

about 1.8 million:1 (.e., about 1.8 million units of L-Cysteine to 1 unit of Aluminum). In

some embodiments the L-Cysteine and Aluminum areat a ratio of from about 4 million:1

(.e., about 4 million units ofL-Cysteine to 1 unit ofAluminum) to about 1.8 million:1 (i.e.,

about 1.8 million units ofL-Cysteine to 1 unit of Aluminum). In some embodiments the L-

Cysteine and Aluminumare at a ratio of from about 1.8 million:1 (.e., about 1.8 million

units of L-Cysteine to | unit of Aluminum) to about 700,000:1 (i.e., about 700,000 units

of L-Cysteine to 1 unit of Aluminum). In some embodiments the L-Cysteine and

Aluminum are at a ratio of from about 700,000:1 (i.e., about 700,000 units of L-Cysteine

to 1 unit of Aluminum) to about 300,000:1 (i.e., about 300,000 units of L-Cysteine to 1

unit of Aluminum). In some embodiments the L-Cysteine and Aluminum areat a ratio of

from about 300,000:1 (.e., about 300,000 units of L-Cysteine to 1 unit of Aluminum) to

about 230,000:1(i.¢., about 230,000 units of L-Cysteine to 1 unit of Aluminum). In some

embodiments the L-Cysteine and Aluminum are at a ratio of from about 230,000:1 (.e.,

about 230,000 units of L-Cysteine to 1 unit of Aluminum) to about 170,000:1 (.e., about

170,000 units of L-Cysteine to 1 unit of Aluminum). Thus, in some embodiments the L-

Cysteine and Aluminum areat a ratio of from about 170,000:1 (1.e., about 170,000 units of

L-Cysteine to 1 unit of Aluminum) to about 140,000:1 (1.e., about 140,000 units of L-

Cysteine to 1 unit of Aluminum). All subranges and individual values with increments of

5,000 units are contemplated by the present disclosure. In some embodiments,the unit of

measure is nanograms. For example, in some embodiments the L-Cysteine and Aluminum
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are at a ratio of from about 4 million:1 nanograms (i.e., about 4 million nanogramsof L-

Cysteine to 1 nanogram of Aluminum) to about 1.8 million:1 nanograms(1.¢., about 1.8

million nanograms of L-Cysteine to 1 nanogram of Aluminum).

In certain embodiments, the compositions comprise Aluminum in trace amounts,

for example 1.0 ppb, but not more than 250 ppb after storage at ambient temperature for a

period of 12 months or less, where the Aluminum comprises, from about 1.0 ppb to about

100 ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of

Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppb of Aluminum

from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the compositions comprise Aluminum in an amount not

more than 200 ppb after storage at ambient temperature for a period of 12 months, wherein

the Aluminum comprises, from about 1.0 ppb to about 100 ppb of Aluminum from the

container, from about 1.0 ppb to about 100 ppb of Aluminum from a cap of the container,

from about 1.0 ppb to about 100 ppb of Aluminum from the L-cysteine, and from about

1.0 ppb to about 20 ppb of Aluminum from the water. In certain embodiments, the

compositions comprise Aluminum in an amount not more than 200 ppb after storage at

ambient temperature for a period of 6 months, where the Aluminum comprises, from about

1.0 ppb to about 100 ppb of Aluminum from the container, from about 1.0 ppb to about

100 ppb of Aluminum from a cap of the container, from about 1.0 ppb to about 100 ppm

of Aluminum from the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum

from the water. In certain embodiments, the compositions comprise Aluminum in an

amount not more than 200 ppb after storage at ambient temperature for a period of3

months, wherein the Aluminum comprises, from about 1.0 ppb to about 100 ppb of

Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum from a

cap of the container, from about 1.0 ppb to about 100 ppm of Aluminum from the L-

cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

In certain embodiments, the dissolved oxygen is present in an amount from about

0.1 ppm to about 5.0 ppm, or from about 0.10 ppm to about 4.0 ppm,or from about 0.10

ppm to about 3.0 ppm, or from about 0.10 ppm to about 2.0 ppm, or from about 0.11 ppm
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to about 1.0 ppm. In particular, values of dissolved oxygen from about 0.4 ppm to about

3.8 ppm are preferred. For the sake of clarity and the ease of discussion and measurement,

these values are taken for the L-Cysteine composition at the time of its manufacture

(commonly known as “time zero” data point), or during and up to 1 month from timezero.

Additional time points beyond the 1-month from time zero data point are expected to

provide similar dissolved oxygen levels.

To achieve the above objective, as described herein, numerousaspects for possible

oxygen introduction into the L-cysteine composition have been carefully studied and

controlled. For example, in some cases, the dissolved oxygen content in the carrier can be

reduced to at or below a predetermined level before the L-cysteine is added to the carrier.

In someadditional examples, reducing a level of dissolved oxygen in the carrier can include

blanketing a container for housing the composition in an inert gas, such as nitrogen, argon,

or the like, prior to introducing the carrier or composition into the container. In still other

examples, reducing a level of dissolved oxygen in the carrier can include bubbling the

catrier or composition with an inert gas, such as nitrogen, argon, or the like, at ambient or

reduced atmospheric pressure prior to and/or during addition and mixing of L-cysteine. In

some examples, reducing a level of dissolved oxygen in the carrier can be performed at an

ambient or sub-ambient temperature. It is noted that the reduction of dissolved oxygen in

the carrier to at or below a predetermined level can be accomplished without the addition

of a supplementary antioxidant, but is not required in the methods and compositions

described herein. Thus, the L-cysteine composition for injection is free of a supplementary

antioxidant. As described elsewhere herein, attaining low and consistent dissolved oxygen

wasachieved using the protocol with sampling as set forth in Example 4.

The compositions have long-term stability. Thus, in certain embodiments, the

amounts of the components described herein are amounts that are detected after the

composition has been in storage. The compositions will have been stored at room

temperature for less than a year, or for a year, or for more than a year. Such timelines

include, for example, for about 15 months, for about 18 months, for about 24 months. Or,

alternatively, the storage time could be for about 9 months, for about 7 months, for about

6 months, for about 5 months, for about 4 months, for about 3 months, for about 2 months,
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for about 1 month, or for about 3 weeks. Storage conditions are 25 °C / 60% RH unless

otherwise indicated.

Useful concentrations of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof in a compositions as described herein include an amount from about

20 mg/mL to about 80 mg/mL,from about 30 mg/mL to about 70 mg/mL,from about 40

mg/mL to about 60 mg/mL, from about 45 mg/mL to about 55 mg/mL, or an amount of

about 50 mg/mL,or from about 35 mg/mL to about 50 mg/mL, or an amount of about 37.5

mg/mL. It is noted that the amounts ofL-cysteine disclosed herein, whetheras a total mass

or as a concentration, are based on L-cysteine hydrochloride monohydrate or the free base,

as specified. Thus, where other forms of L-cysteine are employed in the composition, the

amountofthe alternative form included in the composition can be calculated based on an

equivalent amount of L-cysteine hydrochloride monohydrate rather than the amountof the

alternative form employed.

Thus, the stable L-cysteine composition can comprise total amounts of L-cysteine

from about 200 mg to about 4000 mg, or from about 300 mg to about 700 mg, or from

about 300 mg to about 400 mg. For example, a 10 mL vial could be manufactured to contain

about 350 mg of L-Cysteine. In certain embodiments, the L-cysteine composition can

comprise a total amount ofL-cysteine from about 1200 mg to about 2000 mg. For example,

a 50 mL container could be manufactured to contain about 1800 mg of L-Cysteine. In

another embodiment, the total composition of an L-Cysteine composition container may

range from about 3000 mg to about 4000 mg. For example, a 100 mL container could be

manufactured to contain about 3500 mg oftotal L-Cysteine.

It has been foundthat the container in which the compositions are held can affect

the level of certain components. In certain embodiments, the L-cysteine composition can

be enclosed in a single-use container. The container can have a variety of volumes.

Typically, the container can have a volumeof from about 10 ml to about 100 ml. In some

examples, the container can have a volumeof from about 10 ml to about 50 ml. In other

examples, the container can have a volume of from about 50 ml to about 100 ml. Instill

other examples, the container can have a volume of about 10 ml or about 20 ml.
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The container can be made of a variety of materials. Non-limiting materials can

include glass, a plastic (e.g. polyethylene, polypropylene, polyvinyl chloride,

polycarbonate, etc.), the like, or a combination thereof provided that it can both prevent

oxygen penetration and minimize Aluminum, heavy metals and anions contamination to

the composition. Up to now, there has been no guidance with regard to the compatibility

of L-cysteine with coated glass vials or that any vials could be used to provide L-cysteine

compositions having low levels of Aluminum.

Another confounding factor is the low pH of the L-Cysteine product, whichis less

than 3.0 in certain embodiments. This low pH can disrupt the plastic coating or silicon

coating inside the glass container and Aluminum, heavy metals and anions could leach

during the shelf life of the product, especially over prolonged storage of the product.

Therefore, up to now,the success of the product was uncertain until the products described

herein were manufactured and studied in real time for prolonged periods as described

herein.

It should be recognized that vials which are impermeable with an internal coating,

vials which are stored in a pouch that protects the product from atmospheric oxygen

ingress, and relatively thick vials made of impermeable plastic or glass can be suitable for

the L-Cysteine product disclosed herein.

Vials which are stored in a pouch can be prepared in a similar manneras described

herein and then pouched in a plastic material that is then sealed. The pouch maybe kept

under vacuum or under an inert atmosphere. Methods for manufacturing such pouched

products, and materials for such manufacture are knownin the industry.

Relatively thick vials made of impermeable plastic are also prepared in a similar

manner as described herein. Such vials may be composed of cyclic olefin materials of

sufficient thickness to prevent oxygen ingress over a reasonably long period oftime, for

example 1 month, 2 months, 3 months, 6 months or 12 months. These vials are packaged

and supplied as such. Alternatively, these vials can also be pouchedas described above in

plastic material that is kept under vacuum or underan inert gas atmosphere. It is expected

31

NexusEx. 1024

Page 258 of 466



Nexus Ex. 1024 
Page 259 of 466

10

15

20

25

SUBSTITUTE SPECIFICATION — CLEAN Atty. Ref. No. 066859/509450

that such pouching extendsthe shelf life of the product by at least 1 month, or 2 months,

or 3 months, or 6 months or longer.

In certain embodiments, the vials are made of glass with an internal coating made

of silicon dioxide, for example, Schott Type 1 Plus USP glass. The general thickness of

the coating is presumedto be at least 100-200 nanometers thickness. It is believed that this

level of thickness was sufficient to provide protection against pH disruption while also

preventing the migration of Aluminum from the glass into the L-Cysteine product. Thus,

in some specific examples, the container can be an internally coated glass container. In

certain other embodiments the glass container is internally coated with silicon dioxide of

about 100 to about 200 nanometers.

In certain embodiments the Aluminum contribution from the container may range

from about 0.1 ppb to about 200 ppb. In certain other embodiments the Aluminum

contribution may range from about | ppb to about 150 ppb, from about 1 ppb to about 120

ppb, from about 1 ppb to about 100 ppb, from about 1 ppb to about 80 ppb, from about 1

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about 1 ppb to

about 20 ppb, from about | ppb to about 15 ppb, from about | ppb to about 10 ppb, from

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.

The containers are sealed with a suitable stopper made of rubber, elastomeric

polymers, or combinationsthereof. In certain embodiments the stoppers are coated with a

special non-reactive inert coating that minimizes interaction with drug product. For

example, some stoppers are coated with Teflon to prevent drug-stopper interactions. One

example of a specific coated stopper is supplied by West Pharmaandis called V10-F597W

Stopper, 20 mm Lyo, 4432/50 Gray, B2-TR Coating, Westar RS. This stopperis a cross-

linked mixture of high- and low-molecular weight silicone oils that are cured through the

application ofUV rays and heat. Because it is a spray-on coating applied to molded closures

before the trimming process, B2-Coating can be applied at various levels on the bottom
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and top of closures. These specific stoppers are preferred even though similar coating

materials and methodology applied to other types of stoppers could also work. The stoppers

are selected not only for their inertness vis-a-vis the drug productbutalso for their minimal

contribution to Aluminum levels in the drug product.

In certain embodiments the Aluminum contribution from the stopper may range

from about 0.1 ppb to about 100 ppb. In certain other embodiments the Aluminum

contribution may range from about 1 ppb to about 90 ppb, from about 1 ppb to about 80

ppb, from about 1 ppb to about 70 ppb, from about 1 ppb to about 60 ppb, from about 1

ppb to about 50 ppb, from about | ppb to about 40 ppb, from about | ppb to about 30 ppb,

from about 1 ppb to about 25 ppb, from about 1 ppb to about 20 ppb, from about 1 ppb to

about 15 ppb, from about 1 ppb to about 10 ppb, from about 1 ppb to 5 ppb. In certain

embodiments, the contribution could be in subranges within the above ranges, for example,

from about 35 to 55 ppb, or from about 25 to about 75 ppb, in increments of 5 ppb. All

such ranges and subranges are contemplated herein.

In addition to the container and stopper, the drug substance and excipients including

water for injection may contribute Aluminum to the drug product. Thus, in one aspect the

Aluminum contribution from the drug substance may range from about 0.1 ppb to about

70 ppb. In certain other embodiments the Aluminum contribution may range from about |

ppb to about 60 ppb, from about 1 ppb to about 50 ppb, from about 1 ppb to about 40 ppb,

from about 1 ppb to about 30 ppb, from about 1 ppb to about 25 ppb, from about | ppb to

about 20 ppb, from about 1 ppb to about 15 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within

the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140

ppb, in increments of 5 ppb. All such ranges and subranges are contemplated herein.

The water for injection may contribute Aluminum from about 0.1 ppb to about 20

ppb. In certain embodiments the Aluminum contribution may range from about 1 ppb to

about 15 ppb, from about 1 ppb to about 12 ppb, from about 1 ppb to about 10 ppb, from

about 1 ppb to about 8 ppb, from about 1 ppb to about 6 ppb, from about 1 ppb to about 5

ppb, from about 1 ppb to about 4 ppb, from about 1 ppb to about 3 ppb, from about 1 ppb
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to about 2.5 ppb, from about | ppb to about 2 ppb, from about | ppb to about 1.5 ppb. In

certain embodiments, the contribution could be in subranges within the above ranges, for

example, from about 5 to 7.5 ppb, or from about 10.5 to about 15.0 ppb, in increments of

0.5 ppb. All such ranges and subranges are contemplated herein.

In summary, to lower the Aluminum level to even greater extent as described

herein, the container, the stopper, the drug substance, the water for injection, and any other

excipients can be chosen such that the Aluminum concentration in the drug product is from

about 1.0 ppb to about 250 ppb, or as described in the other embodiments provided herein.

Advantageously, in certain embodiments, the compositions maintain cystine levels

for extended periods, and/or are substantially free or essentially free of cystine precipitate.

However, it is noted that where cystine is present in the L-cysteine composition it is not

necessarily dissolved. For example, in some cases, it can be present in the composition as

an undissolved particle.

Where the L-cysteine composition includes cystine, it can typically be present in

relatively small amounts compared to L-cysteine. In certain embodiments, cystine is

present in the composition in an amount not more than 2.0 wt% relative to L-cysteine after

storage at ambient temperature for a period of 6 months. In certain embodiments, cystine

is present in the composition in an amount not more than 1.0 wt% relative to L-cysteine

after storage at ambient temperature for a period of 6 months. In certain embodiments,

cystine is present in the composition in an amount not more than 0.5 wt%relative to L-

cysteine after storage at ambient temperature for a period of 6 months. In certain

embodiments, cystine is present in the composition in an amount not more than 0.4 wt%o

relative to L-cysteine after storage at ambient temperature for a period of 6 months. In

certain embodiments, cystine 1s present in the composition in an amount not more than 0.3

wt% relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, cystine is present in the composition in an amount not more than

0.2 wt%relative to L-cysteine after storage at ambient temperature for a period of 6

months. In certain embodiments, cystine is present in the composition in an amount not
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more than 0.1 wt%relative to L-cysteine after storage at ambient temperature for a period

of 6 months.

Further, in certain embodiments, cystine can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt%relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, cystine can be

present in the L-cysteine composition, but in an amount not more than 2.0 wt%relative to

L-cysteine after storage at ambient temperature for a period of 3 months. In some

embodiments, cystine can be present in the L-cysteine composition in an amount from

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, cystine can be present in the L-cysteine composition

in an amount from about 0.005 wt%% to about 0.5 wt%relative to the amount of L-cysteine

present in the composition. In some embodiments, cystine can be present in the L-cysteine

composition in an amount from about 0.05 wt% to about 1.0 wt%relative to the amountof

L-cysteine present in the composition. In some embodiments, L-cystine can be present,

but in an amountthat is either not detectable or that is below a limit of quantitation using

a standard testing procedure, such as a validated test method for detecting cystine.

Advantageously, in certain embodiments, the compositions maintain pyruvic acid

levels for extended periods, and/or are substantially free or essentially free of pyruvic acid.

Whenpresent, pyruvic acid is typically present in a relatively small amount compared to

L-cysteine. In certain embodiments, pyruvic acid is present in the composition in an

amount not more than 2.0 wt®relative to L-cysteine after storage at ambient temperature

for a period of 6 months.In certain embodiments, pyruvic acid is present in the composition

in an amount not more than 1.0 wt% relative to L-cysteine after storage at ambient

temperature for a period of 6 months. In certain embodiments, pyruvic acid is present in

the composition in an amount not more than 0.5 wt%relative to L-cysteine after storage at

ambient temperature for a period of 6 months. In certain embodiments, pyruvic acid is

present in the composition in an amount not more than 0.4 wt% relative to L-cysteine after

storage at ambient temperature for a period of 6 months. In certain embodiments, pyruvic

acid is present in the composition in an amount not more than 0.3 wt% relative to L-

cysteine after storage at ambient temperature for a period of 6 months. In certain
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embodiments, pyruvic acid is present in the composition in an amount not more than 0.2

wt% relative to L-cysteine after storage at ambient temperature for a period of 6 months.

In certain embodiments, pyruvic acid is present in the composition in an amount

not more than 0.1 wt% relative to L-cysteine after storage at ambient temperature for a

period of 6 months. In certain embodiments, pyruvic acid can be present in the L-cysteine

composition, but in an amount not more than 2.0 wt%% relative to L-cysteine after storage

at ambient temperature for a period of 3 months. In certain embodiments, pyruvic acid can

be present in the L-cysteine composition, but in an amount not more than 2.0 wt%relative

to L-cysteine after storage at ambient temperature for a period of 6 months. In some

embodiments, pyruvic acid can be present in the L-cysteine composition in an amount from

about 0.001 wt% to about 2.0 wt% relative to the amount of L-cysteine present in the

composition. In some embodiments, pyruvic acid can be present in the L-cysteine

composition in an amount from about 0.005 wt%to about 0.5 wt%relative to the amount

of L-cysteine present in the composition. In some embodiments, pyruvic acid can be

present in the L-cysteine composition in an amount from about 0.05 wt%to about 1.0 wt%

relative to the amount of L-cysteine present in the composition. In some embodiments,

pyruvic acid can be present, but in an amountthat is either not detectable or that is below

a limit of quantitation using a standard testing procedure, such as a validated test method

for detecting pyruvic acid.

As discussed above, to achieve safe method and compositions, it is beneficial to

further understand which other components are present beyond Aluminum and pyruvic

acid, and control their amounts as well. Because preterm infants could be exposed to L-

Cysteine for potentially longer periods, and their main source of L-Cysteine is through

parenteral administration, careful consideration should be given to exposure to other

potentially unsafe compounds that may leach out of the container or stopper in amounts

greater than what are considered safe limits. Examples include certain volatile compounds,

certain heavy elements, and certain anions.

Daily acceptable limits are known for these potentially unsafe compounds.

However, because the L-Cysteine Injection is used to infuse into preterm and term infants
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and those elderly that are critically ill will compromised renal functions, and sometimes

for periods that exceed more than a few days, just meeting the daily acceptable limits may

not be sufficient. Every effort must be made to reduce the levels to as low as practicable.

The L-Cysteine compositions presented herein provide in some embodiments about one-

half of the daily acceptable limits; in some embodiments, about one-fourth of the daily

acceptable limits; in some embodiments, about one-fifth of the daily acceptable limits; in

some embodiments, about one-sixth of the daily acceptable limits.

The anions that are desirable to control are: lodide and Fluoride. The acceptable

limit for Iodide is about 20 ppm or less. The acceptable limit for Fluoride is about 30 ppm

or less. The L-Cysteine compositions provided herein show Iodide concentrationsof less

20 ppm and Fluoride concentrations of less than 30 ppm when measured at any time from

the day of manufacture throughits shelf-life of 6 months, or 12 months, or 18 months, or

24 months, when stored under Room Temperature Conditions. In some embodiments, the

L-Cysteine compositions provide from about 1.0 ppm to 20 ppm of Iodide; in some

embodiments, from about 1.0 ppm to about 15 ppm; in some embodiments, from about 1.0

ppm to about 10 ppm; and in some embodiments, from about 1.0 ppm to about 5 ppm.In

some embodiments, the L-Cysteine compositions provide from about 1.0 ppm to 20 ppm

of Fluoride; in some embodiments, from about 1.0 ppm to about 15 ppm; in some

embodiments, from about 1.0 ppm to about 10 ppm; and in some embodiments, from about

1.0 ppm to about 5 ppm. Methods for evaluating the anionsandthe results are provided in

Example 8.

As noted above, several elements may leach or be extracted out into the L-Cysteine

drug product, thereby presenting a potential safety/toxicity concern to subjects that require

L-Cysteine parenteral administration. Art-known methods may be used to evaluate the

elemental levels. Inductively-coupled plasma mass spectral method is one such highly

specific method. Example 9 provides the data generated by using ICP-MStechnique. As

shown in Example 9, there are over thirty elements that are generally known to present

safety/toxicity concerns. The Table 22 provides the daily allowable limit for all of these

elements, and the observed levels in the present L-Cysteine compositions. The daily

allowable limit for some elements are relatively high, whereas for other elements they are
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relatively very low. For example, Molybdynum hasthe level of 14,500 ppb approximately,

whereas Cadmium has about 19 ppb.

For purposes of monitoring the L-Cysteine compositions for the elements of

concem, in one aspect, the levels ofMercury, Lead, Nickel and Arsenic are of significance.

Therefore, in one aspect, the L-Cysteine compositions presented herein have further

improved safety because they provide these elements at amounts far less than the daily

allowable limits. Targeted daily allowable limits include 48 ppb for Lead, 29 ppb for

Mercury, 194 ppb for Nickel, and 174 ppb for Arsenic.

The L-Cysteine compositions described herein provide from about 1 ppb to 10 ppb

of Lead; in some embodiments, from about 1 ppb to about 8 ppb; in some embodiments,

from about 1 ppb to about 7 ppb; or in some embodiments, from about | ppb to about 5

ppb. when measured at any time from the day of manufacture through its shelf-life of 6

months, or 12 months, or 18 months, or 24 months, when stored under Room Temperature

Conditions.

With respect to Mercury, the L-Cysteine compositions described herein provide

from about 0.1 ppb to 10 ppb of Mercury; in some embodiments, from about 0.1 ppb to

about 8 ppb; in some embodiments, from about 0.1 ppb to about 7 ppb; or in some

embodiments, from about 0.1 ppb to about 5 ppb. when measuredat any time from the day

of manufacture through its shelf-life of 6 months, or 12 months, or 18 months, or 24

months, when stored under Room Temperature Conditions.

With respect to Nickel, the L-Cysteine compositions described herein provide from

about 1 ppb to 50 ppb of Nickel; in some embodiments, from about 1 ppb to about 40 ppb;

in some embodiments, from about 1 ppb to about 30 ppb; or in some embodiments, from

about 1 ppb to about 25 ppb; or in some embodiments from about 1 ppb to about 20 ppb,

when measured at any time from the day of manufacture throughits shelf-life of 6 months,

or 12 months, or 18 months, or 24 months, when stored under Room Temperature

Conditions.

With respect to Arsenic, the L-Cysteine compositions described herein provide

from about 0.1 ppb to 60 ppb of Arsenic; in some embodiments, from about 0.1 ppb to
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about 50 ppb; in some embodiments, from about 0.1 ppb to about 40 ppb; in some

embodiments, from about 0.1 ppb to about 30 ppb; in some embodiments, from about 0.1

ppb to about 25 ppb; or in some embodiments from about 0.1 ppb to about 20 ppb; in some

embodiments, from about 0.1 ppb to about 15 ppb; in some embodiments, from about 0.1

ppb to about 10 ppb; or in some embodiments, from about 0.1 ppb to about 5.0 ppb, when

measured at any time from the day of manufacture throughits shelf-life of 6 months, or 12

months, or 18 months, or 24 months, when stored under Room Temperature Conditions.

In some embodiments, the Arsenic, Mercury, Lead and other elements may be

extracted from the container or from the stopper. In one specific embodiment, the extracted

out amount of Arsenic, Mercury, Lead, and Nickel combined from the stopper is 100 ppb

or less. In other embodiments, the extracted amount of Arsenic, Mercury, Lead, and Nickel

combined from the stopperis from about 10 to about 50 or from about 10 to about 100 ppb.

It should be recognized that in some instances the amount of a specific element

present in the L-Cysteine compositions described herein may be below the Limit of

Quantitation (LOQ). In those instances, for purposes of this disclosure and claims made

herein, the compositions may be considered to contain the lowest level described in the

preceding paragraphs. For example, when Arsenic is determined to be below the LOQ,the

Arsenic amount maybe considered to be at 0.1 ppb. Therefore, all such instances where

the compositions show amounts below the LOQ are within the contemplation of this

disclosure.

In certain embodiments, the compositions further comprise within the container,

headspace gas that includes oxygen in an amount of from about 0.5% v/v to about 5.0 %

v/v, or from about 0.5% v/v to about 4.0% v/v, or from about 0.5% v/v to about 3.5% v/v,

from about 0.5% v/v to about 3.0 % v/v, or from about 0.5% v/v to about 2.5%v/v, or

from about 0.5% v/v to about 2.0 %v/v,or from about 0.5% v/vto about 1.5% v/v, or from

about 0.5%v/vto about 1.0 % v/v, or in some cases from about 0.1% v/v to about 0.5%

v/v, or from about 0.1% v/v to about 0.4% v/v, or from about 0.1% v/v to about 0.3%v/v,

or from about 0.1%v/v to about 0.2%v/v. For the sake of clarity and the ease of discussion

and measurement, these values are taken for the L-Cysteine composition at the time ofits
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manufacture (“tine zero” data point), or during and up to | month from time zero.

Additional time points beyond the 1-month from time zero data point may provide similar

headspace oxygenlevels.

Without wishing to be bound by theory, the dissolved oxygen levels and the head

space oxygen levels within a sealed container ofL-Cysteine compositions described herein

may reach an equilibrium at some time point duringits shelf-life. Such equilibrium maybe

maintained for a very short time, i.e., for a few seconds, or for a very long time, i.e., for

several months. Such equilibrium may on occasion be disturbed by simple agitation.

Therefore, it should be recognized that dissolved oxygen levels and headspace oxygen

levels may fluctuate from one time point to another in terms of absolute numbers. However,

the numbers are expected to stay within the ranges disclosed herein. Occasionally, one

number(e.g., dissolved oxygen) may exceedorfall out of a certain range (e.g., from about

05 to about 3.0 PPM)at a 15-day time point, but mayfall within that range at some other

time point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges,

subranges, and specific data points disclosed and discussed herein are valid and suitable

for time points beyondthe time zero and 1-month timepoints. In one aspect, the time points

could be extended to 2-months, 3-months, 6-months, 9-months, 12-months, 15-months, 18-

months, and 24 months.

In some aspects, the total amount of oxygen in the sealed container may be an

appropriate measure to evaluate the stability of the L-Cysteine compositions herein. For

example, the total amount of oxygen within the container maybe arrived at by adding up

the amountofdissolved oxygenin the carrier and the amount of head space oxygen. These

values can also be expressed independently in separate units (i.¢., dissolved oxygen as ppm

and head space oxygen as % v/v). An example would be an L-Cysteine composition that

contains a dissolved oxygen level of from about 0.1 ppm to 4.0 ppm and a head space

oxygen level of about 0.5% v/vto about 4.0%v/v.

The amount of oxygen present in the headspace of the container can be controlled

by filling the headspace with an inert gas, such as nitrogen or argon. Alternatively, the

head space oxygen maybe controlled by vacuum operation without using an inert gas. In
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another aspect, the head space oxygen may be controlled by a combination of vacuum

operation and inert gas overlay. In one particular aspect, the head space oxygen is

controlled by repeated pulses of vacuum and inert gas overlay in tandem such that the

process maystart first with vacuum operation followed by inert gas overlay followed by

vacuum operation. The combination of vacuum operation and inert gas overlay (or inert

gas overlay and vacuum operation) is considered one pulse when both steps are used

together. A typical head space control operation may comprise from oneto eight pulses.

Typically, there could be two,three, four, or five pulses. Each pulse could last from about

one tenth of one second to five secondsor from five to fifteen seconds when conducted by

automated high-speed equipment custom designed for this specific purpose. In some

embodiments, the pulse may last from about 0.1 to about 2.0 seconds. In some

embodiments, the pulse may last from about 0.1 to about 1.0 seconds, or from about 0.1 to

about 0.4 seconds. When done using manual methods, each pulse could take up to 30-60

seconds or longer. Such a manual process is described in more detail in Examples 1 and

4. Alternatively, a more automated process that was developed by the current inventorsis

described in Example 5.

In certain embodiments, the compositionsare part of a total parenteral nutrition

regimen. The L-cysteine compositions described herein can be admixed with amino acid

solutions, such as crystalline aminoacid injection, for example, commercially available

TRAVASOL®and TRAVASOLE®.

In certain aspects, the subject matter described herein is directed to a safe, stable

composition from about 100 mL to about 1000 mL for administration via a parenteral

infusion within about 24 to about 48 hours of admixture, comprising a mixture of a

composition of L-Cysteine described herein; and an amino acid composition that is

essentially free ofL-Cysteine comprising one or more aminoacidsselected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine.

In certain embodiments, the subject matter described herein is directed to a stable

TPN composition for infusion, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof;
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Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

cystine in an amountfrom about 0.001 wt%to about 2.0 wt%relative to L-cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;

one or more aminoacids selected from the group consisting of: leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine;

a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are from about 100 mL to about 1,000 mL andthe total

aluminum delivered by the said composition does not exceed about 4-5 mcg/kg/day. In

certain embodiments, the amounts include 150 mL, 200 mL, 250 mL, 300 mL, 350 mL,

400 mL, 450 mL, 500 mL, 550 mL, 600 mL, 650 mL, 700 mL, 750 mL, 800 mL, 850 mL,

900 mL and 950 mL.

In certain embodiments, the stable composition for infusion comprises one or more

amino acids selected from the group consisting of leucine, isoleucine, lysine, valine,

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine,

proline, serine, and tyrosine. In certain embodiments, the composition includesall of these.

In certain embodiments, 500 mg of L-Cysteine is admixed with 12.5 gram ofcrystalline

amino acid injection, such as that present in 250 mL of 5%crystalline aminoacid injection.

In some aspects, 15 mg of L-Cysteine is admixed with one gram of aminoacids. In some

other aspect, 40 mg of L-Cysteine is admixed with one gram of amino acids. Depending

on the needs of the subject, based on specific characteristics such as age, weight, and

physiological factors such as renal function, the dose may be adjusted at or within these

ranges of 15-40 mg of L-Cysteine per gram of amino acids. See, for example, Tables 1-2

above. Thus, the pharmaceutical compositions comprising L-Cysteine can be formulated,

dosed and administered in a fashion, i.e., amounts, concentrations, schedules, course, and

vehicles, consistent with good medical practice. The “therapeutically and nutritionally

effective amount” of the compound to be administered will be governed by such

considerations.
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In certain embodiments, the compositions are essentially free of supplementary

antioxidant. As used herein, this refers to the absence of any substance that is addedto the

compositions specifically as an antioxidant. Naturally occurring antioxidants maystill be

present.

In certain embodiments, the compositions that comprise one or more of the above

amino acids are essentially free of dextrose. However, in certain embodiments, the

compositions that comprise one or more of the above aminoacids further comprise a sugar.

In certain embodiments, the pH of the compositions is about 1.0 to about 2.5, or

about 1.6 to about 2.0, or about 1.6, or about 1.7, or about 1.8, or about 1.9 or about 2.0.

For administration, the pH is generally adjusted by admixing with other components to a

pH of about 6.0 to about 8.0, but generally around 7.0. In certain embodiments, the

compositions are essentially free of a buffer. In certain embodiments, the compositions

further comprise a buffer.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection that can be useful for treatment of a variety of

conditions, such as those described above.In further detail, L-cysteine can be administered

in a variety of forms, such as the free base, L-cysteine hydrochloride, a pharmaceutically

acceptable salt thereof (e.g. sodium salt, calcium salt, etc.), a hydrate thereof, the like, or a

combination thereof. In some specific examples, L-cysteine can be included in the L-

cysteine composition for injection as L-cysteine hydrochloride monohydrate.

In particular embodiments, the subject matter described herein is directed to a stable

L-cysteine composition for injection, comprising:

about 34.5 mg/mL of L-cysteine free base, or a pharmaceutically acceptable salt

thereof and/or hydrate thereof,

Aluminum in an amount of 130 ppb or below;

water;

wherein the composition is enclosed in a single-use container having a volume of

from 10 mL to 100 mL,andis stable for 9 monthsorless.
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In certain embodiments, the stable, safe L-cysteine composition can consist

essentially of L-cysteine, water, Aluminum in an amountof less than 200 ppb, cystine in

an amount from about 0.001 wt% to about 2 wt% relative to L-cysteine, pyruvic acid in an

amount from about 0.001 wt% to about 2 wt% to L-cysteine, headspace oxygen thatis less

than 4.0% and dissolved oxygen from about 0.1 ppm to about 1 ppm. Other trace

components or excipients do not materially affect the basic and novel characteristics of

composition unless otherwise indicated, for example, undesirable anions and heavy metals.

The pharmaceutical composition (or formulation) for application may be packaged

in a variety of ways depending upon the method used for administering the drug.

Generally, an article for distribution includes a container having deposited therein the

pharmaceutical formulation in an appropriate form. The container may also include a

tamper-proof assemblage to prevent indiscreet access to the contents of the package. In

addition, the container has deposited thereon a label that describes the contents of the

container. The label mayalso include appropriate warnings, more specifically about the

Aluminum content of the L-Cysteine composition. For example, the label may indicate that

the Aluminum in the container may be at 100 ppb or 100 mcg/L. In another embodiment,

the label may indicate that the Aluminum in the container may be at 120 ppb or 120 mcg/L.

In some specific embodiments, the Aluminum level may be described as not more than 120

ppb, or not more than 120 mcg/L, or NMT 120 ppb, or NMT 120 mcg/L.In addition to the

label, the labeling associated with the L-Cysteine product may have the same description

of Aluminum.

It should be understood that, as is customary in the pharmaceuticalarts, the phrases

“NMT”or “not more than” represents the upper limit, but also is understood not to mean

that the value is zero or even can be zero. For example, a statement that the Aluminum

levels are NMT 120 ppbis not understood by the practitionersin the art that the Aluminum

levels are at zero ppb in that particular vial bearing that label. Pharmacists and other health

care professionals instead would interpret for purposes of calculating the Aluminum

content of a TPN preparation using that specific L-Cysteine vial that the Aluminum levels

are at 120 ppb so that, even if the actual amountis lower than the 120 ppb in the product,

they err on the conservative side. This is the custom in the pharmaceutical industry
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developed and practiced to safeguard the health of patients. If indeed the label is intended

to convey with certainty that the actual Aluminum level is zero ppb, the label then would

state that fact or indicate that the product is free of Aluminum.

Similarly, any numerical value expressed as “less than”is intended to conveythat

the value is below that certain numerical value, including, as the case may be zero. For

example, when it is stated herein that Aluminum levels are less than about 20 ppb,it is

understood that in some embodiments the Aluminum can be, but not necessarily in all

cases, anywhere from zero to about 19 ppb. It is also understood that this may, but not

necessarily in all cases, encompass thosesituations where the levels are below quantitation

limit, but the presence of Aluminum is detectable. In those cases where the Aluminum (or

any other measured material generally) where the material is detectable but is below the

level of quantitation, that numerical value can be considered for example as being about

1.0 (for Aluminum) or 0.001 (for Cystine or Pyruvic acid), or 1.0 ppb (for elements) or 1.0

ppm (for iodide or fluoride). Unless an actual analysis is made of the product and a specific

number is determined, there is no certainty of the actual value. The US FDA does not

require this precision in the labeling on a product-by-product or even batch-by-batch

because that is impracticable in a commercial supply chain setting for drug products.

Thus, the phrases “NMT”or “not more than” or “less than” are terms ofart in the

pharmaceutical industry. Those in the industry do not assume these terms necessarily

represent zero in all cases, even though that is a possibility. When calculating the

Aluminum amounts for purposes of preparing parenteral nutrition products the artisan

never assumes the Aluminum levels are zero in order to safeguard the patient health.

Accordingly, this present disclosure and the claims derived therefrom are to be read and

understoodin light of this custom andpractice in theart.

As mentioned above, the L-cysteine compositions for infusion may optionally be

mixed with pharmaceutically acceptable excipients, also described in Remington’s

Pharmaceutical Sciences (1980) 16" edition, Osol, A. Ed., Mack Publishing Co., Easton,

PA.

As noted above, the diluted L-cysteine composition for infusion can typically have
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a pH of from about 5.0 to about 8.0, or from about 6.0 to about 7.0. However, dilution and

administration of the L-cysteine composition for infusion will typically be overseen by a

licensed medical professional, who may recommend a pH outside of the ranges recited

herein under certain circumstances. Additionally, the diluted L-cysteine composition for

infusion can typically have a tonicity of from about 250 milliosmoles/liter (mOsmol/L) to

about 1,000 mOsmol/L, or more, or of from about 350 mOsmol/L to about 475 mOsmol/L.

However, dilution and administration of the L-cysteine composition for infusion will

typically be overseen by a licensed medical professional, who may recommenda tonicity

outside of the ranges recited herein under certain circumstances.

Ill. Methods

The subject matter described herein is directed to methods of treating a subject

having an adverse health condition that is responsive to L-cysteine administration. The

methods can include diluting the stable L-cysteine composition described herein with an

intravenousfluid to prepare a diluted L-cysteine composition for infusion. The methods

can further include parenterally administering the diluted L-cysteine composition to

provide a therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the subject matter described herein is directed to a method

of reducing Aluminum administration from a total parenteral nutrition regimen comprising

L-cysteine, the method comprising, mixing a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 1.0 parts per billion (ppb) to about 250 ppb or

from about 10 ppb to about 80 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;
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with a composition comprising one or more amino acids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,

to form a composition for infusion of about 100 mL to about 1000 mL,

wherein the Aluminum providedin said parenteral nutrition regimen is from about

1-2 to about 4-5 micrograms/kg/day.

In certain aspects, the compositions and methods described herein are directed to

methods of administering L-Cysteine together with a composition for parenteral nutrition,

comprising:

diluting a stable L-cysteine composition for injection as described herein with a

parenteral nutrition composition to form a mixture; and

parenterally administering the mixture to a subject in need thereof in a

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a neonatal

weighing less than 2 kilos. In another aspect, the subject is a pediatric patient that is from

about 0.2 kilos to about 20 kilos. In another aspect, the subject is an adult requiring

parenteral nutrition.

In certain embodiments, the subject matter described herein is directed to a method

of reducing Aluminum administration from a parenteral nutrition regimen comprising L-

cysteine, comprising:

administering to a subject a composition comprising L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof;

Aluminum in an amount from about 10.0 parts per billion (ppb) to about 250 ppb,

or from about 10 ppb to about 80 ppb;

cystine in an amount from about 0.01 wt% to about 2.0 wt% relative to L-cysteine;

pyruvic acid in an amount from about 0.01 wt% to about 2.0 wt% relative to L-

cysteine;

one or more aminoacids selected from the group consisting of: leucine, isoleucine,

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine,

arginine, glycine, proline, serine, and tyrosine,
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a pharmaceutically acceptable carrier, comprising water,

wherein, the amounts are about 100 mL to about 1,000 mL,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine and Aluminum

at arange of from about 900 ppb to about 5,000 ppb.

In certain embodiments, the methods provide that the reduction in the amount of

Aluminum administered is relative to the amount of Aluminum in a L-cysteine injection

composition having more than 500 ppb Aluminum, or more than 250 ppb Aluminum. The

relative reduction in Aluminum can be up to 90%, up to 80%, up to 70%, up to 60%, up to

50%, up to 40%, up to 30%, up to 20%, up to 10%, or up to 5%, as compared to the amount

of Aluminum administered with a L-cysteine composition having more than 500 ppb

Aluminum, or more than 250 ppb Aluminum. In certain embodiments, the reduction

occurs over the span of a day, a week, a month or the duration of the TPN regimen.

In certain aspects, the subject matter described herein is directed to methods of

treating a subject having an adverse health condition that is responsive to L-cysteine

administration, comprising:

diluting a stable L-cysteine composition as described herein with an intravenous

fluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

In certain embodiments, the method of treating a subject having an adverse health

condition that is responsive to L-cysteine administration further comprises, before the

diluting step, admixing the stable L-cysteine composition with an amino acid solution, such

as, crystalline amino acid injection. In this aspect, the methods comprise diluting with an

intravenousfluid the stable L-cysteine composition admixed with an aminoacid solution,

wherein the fluid comprises dextrose.

In certain embodiments, the adverse health condition is the lack of a necessary

enzyme in the trans-sulfuration pathway that converts methionine to L-cysteine. Other
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adverse health conditions include inadequate absorption resulting from short bowel

syndrome; gastrointestinal fistula; bowel obstruction; prolonged bowel rest; severe

malnutrition; significant weight loss and/or hypoproteinaemia when enteral therapyis not

possible; other disease states or conditions in which oral or enteral feeding are not an

option.

For most preterm infants, the administration should be considered as a short-term

bridge to provide nutritional support until full enteral nutrition can be provided. Such

instances include: Immediatelyafter birth, to provide essential nutrition as enteral feeds are

commenced and advanced, and/or during periods of acute gastrointestinal malfunction (eg,

due to septic ileus or necrotizing enterocolitis).

In certain embodiments, the administering is a single daily dose, or multiple daily

doses, or is administered in accordance with a TPN regimen, for example, the dosing can

be over a day, several days, a week or several weeks, a month or several months.

In certain embodiments, the subject is an infant or pre-term infant from newborn

until about 6 months of age. As presented in Tables 1 and 2 above, the subjects can be

from a pre-term infant to an adult that is in need of L-Cysteine supplementation. Thus, the

subject can be a subject “in need of” the methods of described herein, for example, in need

of the therapeutic effects or prophylactic benefits of the methods. In certain embodiments,

the subject is a subject in need of a total parenteral nutrition (TPN) regimen.

In certain embodiments, the intravenousfluid is selected from the group consisting

of isotonic saline, glucose solution, glucose saline, dextrose solution, crystalline amino

acid solution, lipids, and combinationsthereof.

In certain embodiments, the L-cysteine is L-cysteine hydrochloride monohydrate.

In certain embodiments, the diluted L-cysteine composition for infusionis typically

administered via intravenous infusion. The selection of administration rate and site of

infusion (i.e., via a peripheral or central vein) are within the ordinary skill in the art of

medicine, pharmaceutical, nursing, and nutritional sciences.

The diluted L-cysteine composition for infusion can be administered until a
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therapeutically effective dose is achieved. In some examples, a therapeutically effective

dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof can

be from about 0.01 mg to about 2.0 mg L-cysteine. Again, therapeutically effective doses

can depend on whetherthe patient is a pediatric patient or an adult patient. For example,

for preterm or term infants less than 1 month of age, the therapeutically effective dose is

about 45 to 60 mcg/kg/day. For pediatric patients 1 month to less than 1 year of age, the

therapeutically effective dose is 30 to 45 mcg/kg/day. For pediatric patients 1 year to 11

years of age, the therapeutically effective dose is about 15 to 30 mcg/kg/day. For pediatric

patients 12 years to 17 years of age, the therapeutically effective dose is about 4 to 7.5

meg/kg/day. For adults, i.e., stable patients, the therapeutically effective dose is 4 to 5

mceg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10

mceg/ke/day.

The number of doses given daily can vary as desired or needed per the

therapeutically effective dosing regimen. In some examples, the therapeutically effective

dosing regimen can include daily administration of the diluted L-cysteine composition. In

other examples, the therapeutically effective dosing regimen can include twice-daily

administration of the diluted L-cysteine composition. In some further examples, the

therapeutically effective dosing regimen can provide less than or equal to 5 ug/kg/d of

Aluminum.In still further examples, the therapeutically effective dosing regimen can

provide less than or equal to 4 ug/kg/d of Aluminum,or less than or equal to 3 pg/kg/d of

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum

from the composition of from about 2 ug/kg/d to not more than 5 yg/kg/d.

The diluted L-cysteine composition for infusion can be administered for the

treatment of a numberof conditions. For example, L-cysteine can be administered to meet

the intravenous amino acid nutritional requirements of individuals (e.g. infants) receiving

total parenteral nutrition. As such, in some examples, the subject can be a subject in need

of total parenteral nutrition (TPN). In some additional examples, L-cysteine can be

administered for the treatment of osteoarthritis, rheumatoid arthritis, angina, chronic

bronchitis, chronic obstructive pulmonary disease (COPD), influenza, acute respiratory

distress syndrome (ARDS), diabetes (e.g. type 2 diabetes), the like, or a combination
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thereof.

In certain embodiments, the subject matter described herein is directed to methods

of preparing a composition, comprising:

Stirring Water for Injection, USP (WFI) in a vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NLT about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowingto stand;

Filling said mixed liquid into individual single use containers;

Reducing head space oxygen to about 5.0%to 0.5%and sealing said containers

wherein the dissolved oxygen in the container is about 0.1 ppm to about 5 ppm.

The subject matter described hereincludes, but is nat limited to, the following

specitic embodiments:

1. A stable L-cysteine composition for parenteral administration, comprising:

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in

an amount from about 10 mg/mLto about 100 mg/mL;

Aluminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250

ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%relative to L-

cysteine;

pyruvic acid in an amount from about 0.001 wt% to about 2.0 wt% relative to L-

cysteine;
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a pharmaceutically acceptable carrier, comprising water;

headspace O2 that is from about 0.5% to 4.0% from the time of manufacture to

about 1 month from manufacture when stored at room temperature;

dissolved oxygen present in the carrier in an amount from about 0.1 parts per

million (ppm) to about 5 ppm from the time of manufacture to about 1 month from

manufacture when stored at room temperature,

wherein the composition is enclosed in a single-use container having a volume of

from about 10 mL to about 100 mL.

2. The composition of embodiment 1, wherein the composition is essentially free of

an antioxidant.

3. The composition of embodiment | or 2, wherein said Aluminum is present in an

amount from about 1.0 ppb to about 200 ppb.

4. The composition of embodiment1, 2 or 3, wherein said Aluminum is present in an

amount from about 1.0 ppb to about 180 ppb.

5. The composition of embodiment 1, 2, 3 or 4, wherein said Aluminum is present in

an amount from about 1.0 ppb to about 170 ppb.

6. The composition of embodiment 1, 2, 3, or 5, wherein said Aluminumis present in

an amount from about 1.0 ppb to about 160 ppb.

7. The composition of embodiment1, 2, 3, 4, 5 or 6, wherein said Aluminum is present

in an amount from about 1.0 ppb to about 150 ppb.

8. The composition of embodiment 1, 2, 3, 4, 5, 6 or 7, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 130 ppb.

9. The composition of embodiment 1, 2, 3, 4, 5, 6, 7 or 8, wherein said Aluminum is

present in an amount from about 1.0 ppb to about 100 ppb.

10. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 50 ppb.

ll. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, wherein said

Aluminum is present in an amount from about 1.0 ppb to about 20 ppb or from about 1.0

ppb to about 10 ppb.
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12. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, further comprising

one or more heavy metals selected from the group consisting of Lead (in an amount of

from about | ppb to about 10 ppb), Nickel (in an amount of from about 5 ppb to about 40

ppb), Arsenic (in an amount of from about 0.1 ppb to about 10 ppb), and Mercury (in an

amount of from about 0.2 ppb to about 5.0 ppb).

13. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, wherein said

heavy metals are present in total in an amount from about 2.0 ppb to about 8.0 ppb.

14. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13, further

comprising iodide and fluoride, each present in an amount from about 0.1 ppm to about 20

ppm.

15. The composition of embodiment 14, wherein said ions are present in total an

amount from about 2.8 ppm to about 5.8 ppm.

16. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15,

wherein said dissolved oxygen is present in an amount from about 0.1 ppm to about 5 ppm.

17. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16,

wherein said dissolved oxygen is present in an amount from about 0.1 ppm to about 3 ppm.

18. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16

or 17, wherein said dissolved oxygen is present in an amount from about 0.10 ppm to about

2.0 ppm.

19. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17 or 18, wherein said dissolved oxygen is present in an amount from about 0.1 ppm to

about 1.0 ppm.

20. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18 or 19, wherein the composition has been stored at room temperature.

21. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19 or 20, wherein the storage is for 1 yearor less.

22. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20 or 21, wherein the storage is for about 9 months.

23. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21 or 22, wherein L-cysteine or a pharmaceutically acceptable salt thereof
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and/or hydrate thereof is present in the composition in an amount from about 20 mg/mL to

about 70 mg/mL.

24. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22 or 23, wherein L-cysteine or a pharmaceutically acceptable salt

thereof and/or hydrate thereof is present in the composition in an amount of about 50

mg/mL.

25. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23 or 24, wherein the container is an internally coated glass container.

26. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24 or 25, wherein said internally coated glass container is coated

with Si02.

27. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25 or 26, essentially free of cystine precipitate.

28. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27, wherein said L-cysteine is present in an amount

of about 37.5 mg/mL asfree base, or a pharmaceutically acceptable salt thereof and/or

hydrate thereof.

29. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 3 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about1. 0 ppb to about 20 ppb of Aluminum from the water.

30. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 6 monthsor less, said Aluminum comprising, from about 0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum
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from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 0 ppb to about 20 ppb of Aluminum from the water.

31. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amount not more than 200 ppb after storage at ambient temperature for

a period of 9 monthsorless, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

32. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the

composition in an amountnot more than 200 ppb after storage at ambient temperature for

a period of 12 monthsor less, said Aluminum comprising, from about 1.0 ppb to about 100

ppb of Aluminum from the container, from about 1.0 ppb to about 100 ppb of Aluminum

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from

the L-cysteine, and from about 1.0 ppb to about 20 ppb of Aluminum from the water.

33. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 2 wt% relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

34. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 1 wt%relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

35. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition

in an amount not more than 0.5 wt% relative to L-cysteine after storage at ambient

temperature for a period of 9 monthsorless.

36. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition
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in an amount of about 0.3 wt%relative to L-cysteine after storage at ambient temperature

for a period of 9 about months.

37. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 2 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

38. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 1 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

39. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.5 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

40. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.3 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

41. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.2 wt% relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

42. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein pyruvic acid is present in the

composition in an amount not more than 0.1 wt%o relative to L-cysteine after storage at

ambient temperature for a period of 9 monthsorless.

43. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 1.0%.
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44. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.9%.

45. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.8%.

40. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.6%.

47. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountofless than 0.4%.

48. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace

oxygen in an amountof less than 0.2%.

49. The composition of embodiment1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the pH of the composition is about

1.6 to about 2.0.

50. A stable composition from about 100 mL to about 1000 mL for administration via

a parenteral infusion within about 24 to about 48 hours of admixture, comprising a mixture

of a composition of L-Cysteine of embodiments 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

39, 40, 41, 42, 43, 44, 45, 46, 47, 48 or 49; and an amino acid composition that is essentially

free of L-Cysteine comprising one or more aminoacids selected from the group consisting

of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine,

tryptophan,alanine, arginine, glycine, proline, serine, and tyrosine.

51. The stable composition for infusion of embodiment 50, wherein the composition of

L-Cysteine is the composition of embodiment 1, 12 or 28.

52. The stable composition for injection of embodiment 50 or 51, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 100 ppb.
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53. The stable composition for injection of embodiment 50, 51 or 52, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 50.0 ppb.

54. The stable composition for injection of embodiment 50, 51, 52 or 53, wherein the

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 30.0 ppb.

55. The stable composition for injection of embodiment 50, 51, 52, 53 or 54, further

comprising a sugar.

56. The stable composition for injection of embodiment 50, 51, 52, 53, 54 or 55,

wherein the sugaris dextrose.

57. A method of reducing Aluminum administration from a parenteral nutrition

regimen comprising L-cysteine, comprising:

administering to a subject a composition of embodiment 50, 51, 52, 53, 54,

55 or 56,

wherein the Aluminum administered to said subject is reduced compared to

administration of a standard parenteral composition comprising L-cysteine.

58. The method of embodiment 57, wherein the Aluminum is reduced by about 5%, or

about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or about 35%, or

about 40%, or about 45%, or about 50%, or about 55%, or about 60%, or about 65%, or

about 70%, or about 75%, or about 80%, or about 85%, or about 90%, or about 95%.

59. A method of reducing Aluminum administration from a total parenteral nutrition

regimen comprising L-cysteine, the method comprising, mixing a composition comprising

L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof comprising:

Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb;

L-cystine in an amount from about 0.001 wt% to about 2.0 wt%o relative to L-

cysteine; and

pyruvic acid in an amount from about 0.001 wt%to about 2.0 wt% relative to L-

cysteine;

with a composition comprising one or more aminoacids selected from the group

consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine,

methionine, tryptophan, alanine, arginine, glycine, proline, serine, and tyrosine; and

a pharmaceutically acceptable carrier, comprising water,
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to form a composition for infusion having a volume of about 100 mL to about 1000 mL,

wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to

about 4-5 micrograms/kg/day.

60. A method of treating a subject having an adverse health condition that is responsive

to L-cysteine administration, comprising:

diluting a stable L-cysteine composition of embodiments 50, 51, 52, 53, 54, 55 or

56, with an intravenousfluid to prepare a diluted L-cysteine composition for infusion; and

infusing the diluted L-cysteine composition for infusion to a subject to provide a

therapeutically effective dose of L-cysteine or a pharmaceutically acceptable salt thereof

and/or hydrate thereof to the subject in a therapeutically effective dosing regimen.

61. The method of embodiment 57, 58, 59, or 61, wherein said administering is from

30 minutes to about 24-48 hrs.

62. The method of embodiment 61, wherein the amount of Aluminum in the

composition results in a daily dosage of Aluminum from about | mcg/kg/day to about 4

meg/kg/day, or about 2 mcg/kg/day to about 4 mcg/kg/day, or about 1 mcg/kg/day to about

5 meg/kg/day, or about 2 mcg/kg/day to about 5 mcg/kg/day.

63. The method of embodiment 61 or 62, wherein the intravenous fluid is a member

selected from the group consisting of: isotonic saline, glucose solution, glucose saline,

dextrose solution, crystalline amino acid solution, and combinations thereof.

64. The method of embodiment 61, 62 or 63, wherein administering is performed via

intravenousinfusion.

65. The method of embodiment 61, 62, 63, or 64, wherein L-cysteine or a

pharmaceutically acceptable salt thereof and/or hydrate thereof is administered at a rate of

from about 1 mL/min to about 10 ml/min.

66. The method of embodiment 61, 62, 63, 64 or 65, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount from about 50 mg to about 1200 mg.

67. The method of embodiment 61, 62, 63, 64, 65 or 66, wherein the therapeutically

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate

thereof is an amount of about 100-500 mg.
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68. The method of embodiment 61, 62, 63, 64, 65, 66 or 67, wherein the L-cysteine is

L-cysteine hydrochloride monohydrate.

69. The method of embodiment 61, 62, 63, 64, 65, 66, 67 or 68, wherein the subject is

a subject in need of total parenteral nutrition (TPN).

70. The method of embodiment 61, 62, 63, 64, 65, 66, 67, 68 or 69, wherein the subject

is an infant having an age of 6 monthsorless.

71. The method of embodiment 61, 62, 63, 64, 65, 66, 67, 68, 69, 70 or 71, wherein the

therapeutically effective dosing regimen is a total parenteral nutrition (TPN) dosing

regimen.

72. A method of preparing the composition of any above embodiment, comprising

stirring Water for Injection, USP (WFI) in a vessel at a temperature of NMT about

60°C;

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT 1 ppm;

Allowing the vessel to cool to a temperature of NMT 30°C;

Contacting under the Argon the WFI with L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) for NTL about 15 mins;

Continuing the mixing under Argon until the dissolved oxygen is NMT 1 ppm;

Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0

N Sodium Hydroxide, NF;

Mixing for a minimum of about 10 minutes;

Capping the vessel under Argon and allowing to stand; and

Performing Head Space oxygen Reduction after filling, wherein the dissolved

oxygen is about 0.1 ppm to about 5 ppm.

With this in mind, the following examples are intended to illustrate, but not limit,

various aspects of the compasitions and methods described herein.
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Examples

Example 1

Compounding L-Cysteine Hydrochloride Injection, USP, 50 mg/mL, 10 mL Vial

 Compounding wasinitiated with the addition of 40 + 1.0 kg of Water for Injection,

USP (WFI) was addedto the Xcellerex Mixing System via an addition funnel. A target

water temperature of NMT 60°C was maintained throughout WFI addition using a heat

exchanger. With continuous mixing at a speed of 126 rpm, Argon overlaying of the WFI

began in the mixing bag and continued until the dissolved oxygen was NMT 1 ppm;then

the mixing bag wasallowedto cool to a temperature of NMT 30°C.

With continuous mixing and Argon overlaying, the L-Cysteine Hydrochloride,

Monohydrate, USP (L-Cysteine) was added directly into the vortex of the mixing bag.

The mixing continued for NLT 15 minutes or until complete dissolution was observed.

The dissolved oxygen content was measured and recorded prior to the addition of L-

Cysteine, immediately following the addition of L-Cysteine, and following the NLT 15-

minute mixing period. With continuous mixing and Argon overlaying, the temperature,

pH anddissolved oxygen of the solution was measured and recorded. Argon overlaying

continues until the dissolved oxygen was NMT | ppm.

With continuous mixing and Argon overlaying, the solution’s pH was adjusted to a

target of 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0 N Sodium Hydroxide,

NF. Following pH adjustment, the solution was allowed to mix for a minimum of 10

minutes, and then the pH wasverified and adjusted as needed with the Hydrochloric

Acid, NF and/or N Sodium Hydroxide, NF. Then, the solution’s weight, adjusted pH and

dissolved oxygen was measured and recorded.

With continuous mixing and Argon overlaying, the solution was q.s.’d with the

WFIto a final weight of 50.6 kg and allowed to mix for approximately 10 minutes. The

final solution weight, solution temperature, solution pH, and dissolved oxygen was then

measured and recorded. Following these steps, the mixing bag wasfully inflated with
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Argon and capped, and the solution was transferred from the mixing bagto the solution

holding bag.

Example 2

L-Cysteine Injection in High Quality Glass Vials

5 L-Cysteine injection was compounded as per Example 1. The bulk solution was

filled then using high quality glass vials (10 mL) from Schott. These vials are known as

Schott Type 1 USP glass. The glass was a standard glass of pharmaceutical quality but

was uncoated. The product was put on stability and was monitored for impurities,

particulates, and Aluminum. The product was quite stable for all the time points tested up

10 to 12 months. There were no unacceptable particulate counts.

However, as the data show, the product resulted in an unacceptably high aluminum

content. The data for aluminum levels are shown below.

Table 6. Aluminum Levels

6 Months

Lot # 25°C/60% RH 40°C/75% RH

XMHH 1611 230 ppb 726 ppb 1,044 ppb

 
 

15 Example 3

L-Cysteine Injection in Plastic Vials

L-Cysteine injection was compounded as per Example 1. The bulk solution was

filled then using plastic vials obtained from Medicopak,Inc. These vials are made of cyclic

olefin copolymer (COC). The product was put on stability and was monitored for

20 impurities, particulates, and Aluminum. The product was not stable beyond 1 month at
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accelerated storage conditions andfailed at room temperature conditionsby the third month

data point.

Table 7. Particulate levels

Lot Number’Vial  Release   1 Month/

40°C/75% RH*

3 Month /

25°C/60% RH* 

XMHG1700/ 10 mL COC

vial

XMHGI1701/ 10 mL COC

vial

XMHG1702/ 10 mL COC

vial

 

  Passing

 Passing

 Passing
 Failed Visual,

articulates

Failed Visual,
articulates

Failed Visual,

particulates

 
 
  

  Failed Visual,
articulates

Failed Visual,
articulates

Failed Visual,

particulates

 
  
 

However, the product showed acceptable aluminum content. The data for aluminum levels

are shownbelow.

Table 8. Aluminum Levels

 

Time Point Lot XMHG 1700 Lot XMHG1701 Lot XMHG1702

 

Aluminum at additional time points was not measured because the product was abandoned

due to unacceptably high particulate count.

Example 4

Headspace Reduction and Argon Overlay

Data from Example 3 show that plastic vials do not provide the desired purity and

stability of a L-cysteine composition for injection. This study was to evaluate the

parameters to determine headspace oxygen reduction conditions. The product was

manufactured as per Example 1. The drug product was overlaid with Argon until the
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dissolved oxygen levels were no more than (NMT) | part per million (PPM). Vials were

filled and placed in the VirTis Benchmark Lyophilizer, OP4159, for Head Space reduction.

In addition, empty vials were also placed into the lyo for Head Space reduction as part of

the study.

Multiple points were monitored during the manufacturing process as part of the

study including the following: 1) Compounding; 2) Pre-Filling; 3) Filling; 4) Post Filling;

and 5) Head Space Reduction (HSR). The monitoring involved taking dissolved oxygen

(DO) measurements on drug product for filled vials throughout the manufacturing process

and performing Head Space Gas Analysis on drug product for both filled and empty vials

post head space reduction. Additionally, fill hold samples representing the maximum

exposure during the filling step were analyzed for the dissolved oxygen and Head Space

Oxygen Analysis.

The sampling andtesting that was performed per the study is shown in Table 9.

Samples were collected throughout the manufacturing process to determine the impact of

critical process parameters on its predeterminedcritical quality attribute.

Table 9: Sampling and Testing Methodology

Samplc Testing Acceptance
Operation Location/Quantity Requirements Criteria

The bulk solution was mixed under

Argonoverlaying. Measure and record
final solution weight, solution
temperature, solution pH,and dissolved Dissolved
oxygen. Oxygen

Dissolved

Oxygen < 1
ppm.

Compounding

Measure and record the final dissolved
oxygen.

For Load A [Trays 1 - 4, 17 — 20] use
forceps to removefour(4)filled vials
fromeachtray as it is filled Fullyseat Dissolved
the stoppers of the removedfilled vials Oxygen
immediately after removal and then
label vials appropriatcly

 

Dissolved

Oxygen
=Report Value

Filling
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65

   
As Tray | is loaded into the Lyo, using
forceps, carefully remove 20 vials from
the appropriate locations. Do not fully
stopper the vials. Mark the vials “Fill
Hold”

Similarly, after Tray 21 has been

completely filled and is being placed Dissolved
Filling into the cart, use forceps to remove Dissolved Oxygen
Hold twenty (20) filled vials from the Oxygen =Report Valueappropriate

As Tray 21 is being loaded into the
Lyophilizer for Head Space Reduction,
use forceps to remove two (2) of the
vials marked “Fill Hold”, fully scat the
stoppers of the vials, and label
appropriately.

For Trays 1-4, 17 — 20, 21 - 24, and

37 — 40, use forceps to remove two (2) Dissolved Dissolved
Lyo Loading|filled vials, as each tray is loaded into Oxyeet Oxygen

the Lyo, fully seat the stoppers of the XB =Report Value
vials, and label appropriately

Following headspace reduction and
immediatcly prior to loading cach tray . Dissolved
into the RAB for capping, usc forecpsto Dissolved Oxygen
remove four(4) filled vials from each Oxygen. =Report Value
tray. Place a mark on eachofthe

Capping removedvials for identification
purposes and place the markedvials Head Space Gas
backinto the tray. Load the tray into the Head Space A i :
RAB for capping. Following the Gas Analysis . TAUY'S!S

: =Report Value
capping of eachtray, remove the
marked vials fromthe tray and label
appropriately.

Dissolved

Following headspace reduction and pisoly cd pee
Capping capping, removethe eighteen (18) vials xygen Report Value
Fill Hold marked “Fill Hold” from Tray 21 for Head Space Gas

: Head Space :
testing. Gas Analysis Analysis

=Report Value
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The data collected are as follows: Dissolved oxygen; Comparison of dissolved

oxygen levels per tray at various stages of the manufacturing process; Filled vials head

space oxygen, Held vials dissolved oxygen (ppm) and head space oxygen content (%);

Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space Oxygen

Content (%).

Dissolved oxygen data at various stages of the manufacturing process are shown in

Table 10. A two (2) hourdelay in the DO testing for the Post Filling - Pre HSR samples

(Tray 1 — 4; tested using gas calibration) exhibited an average value of 11.77 ppm, an

increase of 6.65 ppm from the average of 5.12 ppm measuredlive timeafterfilling using

the liquid calibration. Furthermore, the samples tested live time but using the gas

calibration (Tray 17 —20) exhibited an average value of 6.41 ppm, an increase of 1.29 ppm

from the average of 5.12 ppm measuredafter filling using the liquid calibration. Starting

Tray 21 of the Post Filling — Pre HSR step, the calibration was corrected to a liquid

calibration. Comparison of dissolved oxygen levels at various stages of the manufacturing

process is provided in Figures 1 and 2.

Table 10. Dissolved Oxygen Levels.

Tray Number Post Filling -Pre ISR Post Filling - During Post LISR -Capping- Filled
3 (ppm) Loading of Lyo (ppm) Vials (ppm)

[ado 10.179
9.935

10577

10370

0893

6.628

P9850id

5.117 9,915 0.495
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RSD

Table 11. Filled Vials Head Space Oxygen.

Post HSReasaVials Post areeaVials“RSD Table 12. Held vials dissolved oxygen (ppm) and head space oxygen content (°).

Held Vials— Dissolved Oxygen Post Dissolved Oxygen Post Head Space Oxygen % Post
Tray1 / Tray Filling — Loading of Lyo HSR — Capping - Filled HSR- Capping — Filled Vials

21 (ppm) Vials (ppm) (%)

[Samples[SidtsCCC”
A
sera

mesp[|sidCS
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Table 13. Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space

Oxygen Content (%).

Dissolved Oxygen Dissolved Oxygen Head Space Oxygen %
Pre HSR (ppm) Post HSR- (ppm) Post HSR (%)

PROT-000055 Study
Empty Vials Avg.

PROT-000055 Study
Filled Vials Avg.

2018-RD-022 Study

Empty Vials Avg.

2018-RD-022 Study

Filled Vials Avg.Lot XMHII705 ——
LorxMngine [SS

 
Lot XMHJ1707

Theresults from these experiments demonstrate the effectiveness ofthe Head Space

5 Reduction (HSR) cycle in attaining reduced and consistent dissolved oxygen (DO) levels

in the finished drug product. The results showed a trend with an increase in dissolved

oxygen level from 0.36 parts per million (ppm) recorded during compounding, to an

average of 5.12 ppm measuredafter filling, a further increase to an average of 9.92 ppm

while loading the Lyophilizer, and finally a reduction of dissolved oxygen to an average of

10 0.50 ppm after headspace reduction. The overall trends are displayed in Figures 1 and 2.

The plots and data also show that the average increase in dissolved oxygen levels from

compoundingto the filled vials was 4.76 ppm. Also, as the vials were stored in the transfer

cart, an average dissolved oxygen increase of about 4.80 ppm wasobserved prior to being

loaded in the Lyophilizer for head space reduction. The total average increase in dissolved

15 oxygen levels from compounding to vials being loaded in the lyophilizer was 9.56 ppm.

The average decrease in dissolved oxygen observedin vials post head space reduction was

9.42 ppm. In addition, the oxygen levels obtained acrossall trays analyzed pre and post

HSRwere consistent throughout the manufacturing process.

Head Space Gas Analysis was performed on both filled and emptyvials taken from

20 designated locations in selected trays. Percent (%) Oxygen results achieved acrossthe trays
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showed a relatively uniform head space reduction process throughout the chamber. The

average %o Oxygen for the empty vials was found to be 1.15%, compared with 1.21% for

the filled vials (Reference Table 11).

Dissolved Oxygen and Head Space Gas Analysis were also performed on the Held

Vials from designated locations in Tray 1 as part of the stressed sample analysis over the

course of the manufacturing process. The results showed a comparable trend to that

observed for the regular samples across the study (Reference Table 12). Specifically, an

increase in dissolved oxygen level from 0.36 ppm recorded during compounding, to 5.64

ppm measuredafter filling, a further increase to an average of 10.58 ppm while loading the

Lyophilizer, and finally a reduction of dissolved oxygen to an average of 0.57 ppm after

headspace reduction. The average % Oxygen for the filled held vials was found to be

1.48%, compared with 1.21% forthe filled regular vials. This indicated that the HSR cycle

waseffective in achieving comparable DO and Headspace oxygenresults irrespective of

the maximum fill time exposure (approximately 7 hours; represented by the Fill Hold

Vials) and has no impact on the quality of the product. The use of the Lyophilizer, in the

Head Space Reduction of L-Cysteine Hydrochloride Injection, USP (50 mg/mL) has been

shown to be effective for the control of reduced and consistent oxygen levels, and is

suitable for scale up for the existing process and equipment as the product meets all the

critical quality attributes.

Example 5

Head space oxygen reduction was accomplished using an automated filling

equipmentthat can handle high speedfilling, in contrast to slow or low volume operation

such as through a lyophilizer as described in Examples 1 and 4. The high-speedfilleris

capable of using vacuum and gas overlay in alternate pulses to reduce the head space

oxygen. Each pulseis timed to be within 0.1 to 5 seconds such that typically 3-5 pulses are

conducted in one head space oxygen reduction cycle. The pulse rate can be adjusted after

multiple trials to provide optimal headspace reduction with optimal speed ofthefiller such

that no productis lost through back suction or through spillage and average speeds of from
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about 20 vials/minute to about 200 vials per minute, depending on the numberoffill heads

used.

A 50 L batch was prepared utilizing the current compounding procedure described

above in Example 1. Thefiller was set up to fill and reduce head space oxygen as per the

process shownin Figure 3.

The total head space reduction cycle lasted about 25 seconds per operation. The

vials were analyzed for head space oxygen at time zero and at 1-month time point. The

data are shown below.

The evaluation ofthe filler’s performance demonstrated that the headspace oxygen

control was comparable to or better than the current process for L-Cysteine. Headspace

oxygen values obtained ranged from 0.2%to 0.5% forall vials filled, including empty vials

during start up. Vials tested after 1-month storage at ambient conditions also maintain

headspace oxygen levels between 0.4 and 1.5%. The Tables below show a summary of the

results for the in process and 1-monthstability testing. Also included below is a comparison

of the in-process data obtained from previously manufactured lots of L-Cysteine utilizing

the lyophilizer headspace reduction method. The data show the headspace oxygen values

at Time Zero are lower with the high-speedfiller than the lyophilizer process.

Table 14. Headspace Oxygen Levels at Time Zero for High-Speed Filler

PROT-000213 — Time Zero

Tray|Overall|Overalleed Headspace O2 (%)|0.473 0.378 0.243 0.490 0.372

Table 15. Headspace Oxygen Levels at 1 Month for High-Speed Filler

PROT-000213 - 1 Month

_—__ Tray No. 5 Tray No. 10|Low|High|Average|Low|High|Average_|

Headspace O2 (%)|0.412|1.518} 0.995 1.454 1.262
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Table 16. Comparison of Headspace Oxygen Levels between Lyophilizer and High-Speed
Filler Operations

Batch XMHJ1705 XMHJ1706 XMHJ1707 PROT-000213
(Process) (Current Process) (Current (Current (High Speed

Process) Process) Filler) Average 2.3 % Oxygen - — 0.4 % Oxygen
Low N/A , 0.2% Oxygen
High N/A 0.5% Oxygen

1 Month Room 0 , 2.8 % 1.2% 1.1 % Oxygen
Temperature 0.9 % Oxygen Oxygen Oxygen (0.4 % to 1.5 %) 

N/A — Not Applicable

Figure 4 shows the comparison of oxygen headspace control between the

lyophilizer chamber headspace control method versus the high-speed filler vacuum

stoppering system. The lyophilizer chamber for headspace reduction wasutilized for lots

XMHJ1705, XMHJ1706, and XMHJ1707 ofL-Cysteine Hydrochloride injection. The time

zero oxygen headspace results for the engineering batch PROT-000213 are shown in

comparison to the previously manufactured lots. Results shown were measuredat the time

of manufacturing on samples of vials from the batches. Oxygen percentage was taken for

the samples from PROT-000213 using the NeoFox Phase Fluorometer. Lots XMHJ1705,

XMHJ1706, and XMHJ1707 used Argon Headspace Analysis, QCTM-000014.

In addition to the head space oxygen levels, dissolved oxygen levels were also

measured. Data are shownin Figure 5.

The dissolved oxygen levels and head space oxygen levels were measured again at

1 month stability time point at room temperature conditions:

Table 17. Headspace and Dissolved Oxygen Data Comparison at 1 month

Study — 1 Month

Tray No.5 Tray No. 10EEE
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Headspace O7

(%)
0.576 0.412 1.518 1.475 0.98 1.454 1.352
 

Dissolved O2
0.545 0.706|2.328 2.042 2.173 2.372 2.149

(ppm) 

Example 6

Purity Profile and Long-Term Stability of L-Cysteine Composition for Injection

5 An L-cysteine composition for injection was manufactured as described in Example

1. The glass used was Schott Type 1 USP Plusglass, internally coated with silicon dioxide.

The composition was subjected to stability testing to evaluate the stability of the

composition over time. Table 18 showsvariousstability data collected for the L-cysteine

composition for injection over a 9-month testing period. Samples of exhibit batches stored

10 upright at room temperature for 9 months at 25 °C/ 60% RH. Note: two samples were

tested for dissolved oxygen and head-space oxygen.

Table 18. Characterization of L-Cysteine Composition for Injection
 

Test XMHJ1705 XMHJ1706 XMHJ1707

Up Up Up
L-Cysteine HCI 100.4% 101.3% 101.2%
Related Compounds:
L-Cystine 0.3% 0.3% 0.3%
Pyruvic Acid Total 0.1% 0.2% 0.1%
Specified RRT-1.98 0.2% 0.2% 0.2%
Individual ND ND ND

Unspecified 0.5% 0.7% 0.6%

 

Total Impurities
Dissolved Oxygen (1) 0.12 ppm (1) 0.13 ppm (1) 0.14 ppm

2 2) 0.13 ppm(2) 0. . .
Head-Space Oxygen (1) 0.16% (1) 0.53% (1) 0.56%

2) 0.37% 2) 0.89% 2) 0.50%
3.2ppb 2.9 ppb 5.6 ppb

Description Clear colorless Clear colorless Clear colorless
solution solution solution

    
15
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Example 7

Effect of Dissolved Oxygen and Headspace Oxygen on L-cysteine and Cystine Levels

AnL-cysteine composition for injection was manufactured as described in Example

1. However, samples of exhibit batches were tested without head-space reduction and

5 argon overlay during compounding, then filled, stoppered and capped. Samples were

tested within one week of manufacturing date. Data in Table 19 show the markedeffects

of lack of headspace and dissolved oxygen on component levels within one week. L-

Cystine increased by about 0.4%- 0.7% within a week for samples with higher dissolved

oxygen and head-space oxygen.

10 Table 19. Effect of lack of Headspace and Dissolved Oxygen Control on Product Purity

 Prior to Prior to Prior to Ave Values

Head-Space Head-Space Head-Space for after
Reduction Reduction Reduction completed
Tray 1 Tray 19 Tray 23 Batch

A; 100.1% 100.0% 102.0%

L-Cystine 0.1%

 
 
 
  

 
 
 
 
 

 
Head-Space 20.8% 20.3% 20.3%
Oxygen
Dissolved 8.3 ppm 8.6 ppm 8.6 ppm 0.50 ppm

  
Example 8

Evaluation of Anions in L-Cysteine Product

Inorganic anionic leachables were determined using validated potentiometric

15 methodsutilizing ion selective electrodes. Fluoride and Iodide were evaluated for this drug

product. The leachablestesting results are listed in Tables 20 and 21 below.

73

NexusEx. 1024

Page 300 of 466



Nexus Ex. 1024 
Page 301 of 466

SUBSTITUTE SPECIFICATION — CLEAN Atty. Ref. No. 066859/509450

Table 20. Leachable Iodide Results for L-Cysteine HCI Injection

 
 

 

  
 

 

 

   

 

    
[T] (ppb)

XMHJ1705

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted

1 28.1 274 25.2 24.9

2 25.9 26.3 24.0 24.1

3 25.3 21.6

Average 26.1 . 23.5
sD 0.9 1. 1.6

XMHJ1706

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal|Inverted|Upright|Horizontal|Inverted

1 81.7 80.3 82.8 81.8

2 83.1 81.7 81.5 81.3

3 81.7 81.7 81.8 82.8

Average 82.2 81.2 80.3 82.1

% RSD 0.9 10|09|27 02|09|
XMHJ1707

25°C/60% RH 40°C/75% RH

Replicate Upright|Horizontal Upright|Horizontal
1 53.5 52.3 53.1 51.7 514 50.8

2 52.5 54.0 53.7 51.8 52.0 53.5

3 54.4 52.8 53.8 53.6

Average 53.5 53.0 52.4 52.3

% RSD 18 17|08|22 2.1

 
 

 

 
 

 

 

  
 
 

5 Table 21. Leachable Iodide Results for L-Cysteine HCI Injection
[1] (ppb)

XMHL1702A XMHL1702B

25 °C/60 %RH|40 °C/75 %RH|25 °C/60 %RH|40 °C/75 %RH

6 month 6 month

Iodide
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The leachable results for Fluoride indicate levels below 20 ppb and no observable trend in

leachable amount over time or temperature dependence. The leachable results for Iodide

indicate that levels were observed ranging from ~20-80 ppb. No noticeable trend in

leachable amountincluding vial orientation or temperature dependence wasobserved.

Example 9

Elemental Leachables

Elemental leachables were evaluated using a validated inductively coupled plasma

mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and

otherliterature in the art. The results for the elemental leachables analysis are summarized

in the Table below. The Table lists the Allowable Elemental Concentrations (AEC) for

each identified element.

Table 22. Elemental Impurity Leachables Results for L-Cysteine HCIInjection

[X] (ppb)

 

 

  
 

    
 

XMHJ1705 XMHJ1705

25 °C/60 %RH 40 °C/75 %RH
Element AEC

(ppb) Time point (months)
a

Nowiaonm [Tae [os [>[ize[oe [as[2 [oot

Chromium 2 6 <QL

Barium 2 <0,5 2 <QLTin . 3 0.88

Gold PoefsforeFo 176
Selenium 715 <0.5|<QL <OL 0.1 <0.5 2 <QL
Nickel 194 11 9 16.66 8.1 11 9 0.99
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Arsenic <QL

Aluminum <QL

Vanadium <QL

Silver <QL
Ruthenium 0.74

Rhodium 4.29

Platinum <QLPalladium Pooraor) <QL
Osmium or|<0| <Q

Sf 6|508|Iridium 5.98 <0.5 5.92

 

 

     
Lead 1.5 3.33

Mercury . . 2 <0.5 1.10

Cadmium . 2 <QL J 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1705

25 °C/60 %RH

Element Timepoint (months)
12 12

HOR UP

Molybdenum 14537 0.4 0.4 0.5
Tron 

Chromium 

Barium

ee= 2907 5|08|06|ienimesoefora
[eo9Pos PoeTt

Antimony 0.4Selenium 3 “OL
Nickel

 

 

® 9%|©)
<QL|<QL|<QL

Vanadium 97 “OL =o =
Rhodium

Aluminum 120

 

Platinum 

Palladium

MercuryCadmium 19 “OL SOL Son
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1706 XMHJ1706

25 °C/60 %RH 40 °C/75 %RHAEC
Element

(ppb)

  
Time point (months)

 

   

 

  

 

 

Molybdenum|14537 132|04|<05|2 1.33
Zine 12598 8.23|23.9|10|36|4.25

Barium 6784|<0.5|<QL|<QL|<QL|1 1 <QL

Tin s8is_|1 2|29|13 1 3 2.08

Copper 2907 <QL|<QL|<QL 1 <QL

Lithium

Gad|992|3paseon)2|+|3
Antimony 872 ost|<QL|1 2 0.91

Selenium <QL 0.6 1 3 <QL

Nickel 14|ou|tc 

NyseArsenic 174 <0.5|<QL 

Aluminum 120 <QL

XoVanadium <QL|<QL |97
Sve

Ruthenium 0.73|<QL|<05|2 0.73

Rhodium 429|<QL|<05|8 4.28

Platinum <Q|<aL|<05|1 <QL
 

        Palladium 97 1

Osmium 97 1

Iridium 97 7

Thallium 3.59|<u|<05|5 3.59

Cobalt <QL|<QL|<05|<05|<QL

Lead 5.53|20|2 6 5.53

Mercury

Cadmium 130|<QL|<o5|2 1.30
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1706

25 °C/60 %RH

Element Timepoint (months)

Molybdenum 14537|04|04|04|
Zinc 12598 3

Tron 11

Chromium 1

 

12

0.4

6

55

1

0.6

2

0.2

0.6

2

12
UP

0.4

8

10

1

0.4

2

QL
0.2

0.3

0.5

 

Barium 0.4

Tin 5815 1{2|24]

Manganese 2423 0.1|06|02|

Gold 969|02

Antimony 872 0.6
Selenium 775 0.4 0.4

Nickel 194

74

 

 

14 14 14

Arsenic 1 0.8 0.5 0.4

(5) (6) (D
Aluminum 120 <OL|<OL <QL

Ruthenium 97|0.005

Rhodium 97 0.005|0.008

Platinum 97 QL|<QL
Palladium 97|004|002|0.03

Osmium 97|<QL

=o| <OL

=o| <0
2 2

07|07

 
 

 

 
 

   
 

Mercury 29 0.7

Cadmium 19 <QL|0.004|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1707 XMHJ1707

AEC 25 °C/60 %RH 40 °C/75 %RH
Element  

Timepoint (months)

1 sjefofats 6
Molybdenum|14537|<0.5 Lj 122|04}0s]2 121Zine 12598|10 38|3.91

 

  Barium <a OLTin 2.13 3 2,22

Copper <QL OL a
Ciba—[oars[aos[axe [sasox[as]6|5am

Gold 99|3|3 3.48

Antimony 872,|1 I 2|1.06

Selenium 775 <0.5|<QL aoforfas}2 ts 
  

Nickel 7.71 10

Arsenic

Aluminum =O <OL aI <OL
Vanadium 97 <QL|<QL orbeoctastap

Silver 97|<0.5 “o a
Ruthenium 97|<0.5|0.73|<Qu|<o5|2|0.73
Rhodium 97|<0s|4|429|<oL|<os|8|4.28
Platinum 97|<05 5|<QL|<QL|<5]1[|<QL
 

 

Palladium <QL|<QL 1 <QL

Osmium <QL 1 <QL

Iridium 5.95|<QL 7 5.94
 

Thallium 73|<05|4 3.56

Cobalt 48|<0.5|<0.5 <QL

Lead 48 2 sfssifis}2|6|5.55
Mercury 29|<0.5 jos|oofosta 0.89Cadmium 19 <0.5|1.30 1.29 <OL <O.5 1,29
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1707

25 °C/60 %RH

Element
Timepoint (months)

12 12
UP

Molybdenum 14537 0.4 0.4 0.4

il

3

2

Tron 

Chromium 1 

Barium

ieaneCon 2907|02
Manganese 2423 0.2

Antimony 

Selenium

Nickel

®) 25) GD)
Aluminum 120 <OL|<OL <QL

Vanadium 97 “OL =o <QL
Ruthenium <0 0.004|0.001
Rhodium

Platinum

 

 

 

Palladium

Mercury .Cadmium 19 “OL <QL|<QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

 

 

 

 

 

 

 

   
 

XMHJ1702A
25 °C/60 “RH

Element AEC Timepoint
(ppb) months

INV UP

Molybdenum 14537 1
Zine 12598|17

Iron 12598 5 59

Chromium 10660 5 1

Barium 6784 1 0.4

Tin 5815 2|1|
Copper 2907 1

Manganese 2423 2
Lithium 2423 8

Gold 969 7

Antimony 872 <QL 0.3

Selenium 715 <QL <QL
Nickel 194 11 15

Arsenic 174 0.3

Aluminum 120 OL SOL
Vanadium 97 3 <QL

Silver 97 2

Ruthenium 97 0.9

Rhodium 97 8 0.01

Platinum 97 <QL
Palladium 97 0.1

Osmium 97 0.8

Iridium 97 10

Thallium 78 7 <QL

Cobalt 48 3 0.03

Lead 48 8 2

Mercury 29 1 0.6

Cadmium 19 0.5 <QL
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

XMHJ1702A XMHJ1702A
25 °C/60 %RH 40 °C/75 %RH

Element  

Time point (months)

0

i

 

 me]Ww]be
[=

tina[2023[6[Wa[wa[as[oafe[6 [ot

Nickel

an

 

Arscnic 

Aluminum
 

Vanadium

Palladium

Osmium 

Indium

Thallium
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCI Injection
[X] (ppb)

Element

Molybdenum
Zinc

co
ww oO

XMHJ1702B
25 °C/60 %RH

XMHJ1702B
40 °C/75 %RH

Time point (months)

 

Tron 12598 nN 

Chromium 10660 RON Barium

Antimony

6784

969
872

  
 

Selenium 

Nickel 

Arsenic

Aluminum

97Palladium

|6|

2
3
lo
2

Zz

Z|Z>|>
Zz>
Zz>

/A|<QL|<QL
IK

[N/A]4[<Qu{8|8|9|4|
<QL

4

 

Osmium 97 

Iridium 97 

Thallium

 
78

0.5A

2

VAVAVAPAVA
Z|Z>|>

         
Example 10

Visual Inspection of Filled Vials

The L-Cysteine product that was manufactured bythe two methods(i.e., lyophilzer

chamber method and high-speedfiller method) were inspected at after 1 month after

production for visible signs of degradation in the form of visible particulate matter. In the

presence of oxygen, two L-Cysteine residues will form a disulfide covalent bond forming

L-Cystine. L-Cystine has a lower solubility (0.112 mg/mL) than L-Cysteine (50 mg/mL),

in some cases the degradant can be visually observed.
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Table 23. Comparison ofParticulate Matter

PROT-000213 XMHJ1705 XMHJ1706 XMHJ1707

Total Vials 1918 3473 3473

 

White PM

Overall %

     
As the data show, no confirmed degradation was observed by either method

indicating that the head space oxygen reduction and dissolved oxygen levels achieved

herein are successful in producing L-Cysteine injection of desirable quality attributes.

All documents cited or referenced in the application cited documents, and all

documents cited or referenced herein (“herein cited documents”), and all documents cited

or referenced in herein cited documents, together with any manufacturer’s instructions,

descriptions, product specifications, and product sheets for any products mentioned herein

or in any document incorporated by reference herein, are hereby incorporated herein by

reference, and may be employed in the practice of the invention.

co 99 66

As used herein, “a,” “an,” or “the” can mean one or more than one. For example,

“a” cell can mean a single cell or a multiplicity of cells.

Also as used herein, “and/or” refers to and encompasses any and all possible

combinations of one or more of the associated listed items, as well as the lack of

combinations wheninterpreted in the alternative (“or”).

The term “consists essentially of (and grammatical variants), as applied to the

compositions of this invention, means the composition can contain additional components

as long as the additional components do not materially alter the composition.

As used herein, the term “about” is used to provide flexibility to a numerical range

endpoint by providing that a given value may be “a little above” or “a little below” the

endpoint. Unless otherwise stated, use of the term “about” in accordance with a specific

number or numerical range should also be understood to provide support for such

numerical terms or range without the term “about”. For example, for the sake of
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convenience and brevity, a numerical range of “about 50 milligrams to about 80

milligrams” should also be understood to provide support for the range of “50 milligrams

to 80 milligrams.” Furthermore, it is to be understood that in this written description

support for actual numerical values is provided even when the term “about” is used

therewith. Furthermore, the term “about,” as used herein when referring to a measurable

value such as an amount of a compoundoragentofthis invention, dose, time, temperature,
 

     and the like, is meant to encompassvariations of +20%, +10%, +5%, +1%, +0.5%, or even
 

 +0.1%ofthe specified amount. To be clear, the range encompassed by “about” will include

all discrete values within that range, regardless of whether such discrete values are

explicitly specified and/or prefaced by “about.” Equivalents permissible for such discrete

values as well as all ranges and subranges are within the scope ofthis disclosure.

Concentrations, amounts, and other numerical data may be expressed or presented

herein in a range format. It is to be understood that such a range format is used merely for

convenience and brevity and thus should be interpreted flexibly to include not only the

numerical values explicitly recited as the limits of the range, but also to include all the

individual numerical values or sub-ranges encompassed within that range as if each

numerical value and sub-range is explicitly recited. As an illustration, a numerical range

of“about 1 to about 5” should be interpreted to include not only the explicitly recited values

of about 1 to about 5, but also include individual values and sub-ranges within the indicated

range. Thus, included in this numerical range are individual values such as 2, 3, and 4 and

sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5,

individually. This same principle applies to ranges reciting only one numerical value as a

minimum or a maximum. Furthermore, such an interpretation should apply regardless of

the breadth of the range or the characteristics being described.

Having thus described in detail preferred embodiments of the present invention, it

is to be understood that the invention defined by the above paragraphsis notto be limited

to particular details set forth in the above description as many apparentvariations thereof

are possible without departing from the spirit or scope of the present invention.
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AcknowledgementReceiptwill establish thefiling date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
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Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
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16/248,460 01/15/2019 1615 2080 066859/509450 CONFIRMATION NO.‘6641
826 UPDATEDFILING RECEIPT

BANKOFAMERIGAPLAZA NN0.0.040
101 SOUTH TRYON STREET, SUITE 4000
CHARLOTTE, NC 28280-4000

Date Mailed: 03/07/2019

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy ofthis Filing Receipt with the
changesnotedthereon.If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
John Maloney,Salisbury, NC;
Aruna Koganti, Lenoir, NC;
Phanesh Koneru, Waxhaw, NC;

Applicant(s)
Exela Pharma Sciences, LLC, Lenoir, NC

Powerof Attorney: The patent practitioners associated with Customer Number 00826

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheetin order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Awww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/06/2019
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The country code and numberof your priority application, to be usedforfiling abroad under the Paris Convention,
is US 16/248,460

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes

Early Publication Request: No
Title

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF
USE

Preliminary Class

424

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies thefiling
of patent applications on the same invention in member countries, but does notresult in a grant of "an international
patent" and doesnoteliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidanceasto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 GFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be used at any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any waylessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (81 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplacein the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products,deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 
16/248,460 01/15/2019 John Maloney 066859/509450

ALSTON & BIRD LLP
BANK OF AMERICA PLAZA

101 SOUTH TRYON STREET, SUITE 4000

CHARLOTTE, NC 28280-4000
1615

03/15/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

usptomail @alston.com

PTOT.-90A (Rev. 04/07)
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Application No. Applicant(s)

16/248 460 Maloneyet al.
Decision Granting Request for
Prioritized Examination (TrackI) Examiner AIA(First Inventor

CHERYL P GIBSON to File) Status
BAYLOR Yes

THE REQUESTFILED 15 January 2019 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A. for an original nonprovisional application (Track I).
B. () for an application undergoing continued examination (RCE).

The above-identified application will undergo prioritized examination. The application will be
accorded special status throughoutits entire course of prosecution until one of the following occurs:

A. filling a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent_
claims, more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination;

filing a notice of appeal;

filing a request for suspension of action;

mailing of a notice of allowance;

mailing of a final Office action;

completion of examination as defined in 37 CFR 41.102; or

abandonmentof the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLORat(571

)272-3213. In his/her absence,calls may be directed to Petition Help Desk at (571) 272-3282.

/CHERYL GIBSON BAYLOR/

Paralegal Specialist, OPET

 
U.S. Patent and Trademark Office

PTO-2298 (Rev. 02-2012)
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“ASHP Guidelines on the Safe Use of Automated Compounding Devices for the Preparation of
Parenteral Nutrition Admixtures,” Automation and Information Technology—Guidelines, 63-67,

 
 
 

“Cysteine Hydrochloride Injection [prescribing information],” Hospira, Inc., 4 pages, (2004).
[Retrieved from the Internet December 28, 2016: <URL:
https: ilymed. i vidaily ives/fd

“Cysteine,” TOXNET: Toxicology Data Network, National Library of Medicine HSDB Database,
20 pages, (2016). [Retrieved from the Internet June 27, 2017: <URL:
https://toxnet.nim.nih.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+2109>]
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  “L-Cysteine Hydrochloride Injection, USP [prescribing information],” American Regent, Inc., 2

pages, (2009).

“PROSOL[prescribing information and label]," Baxter Healthcare Corporation, 14 pages,
(2014)

  
 

  
  

 
  
 

 

  

 
and Practice Guidelines for Parenteral Nutrition, Journal of Parenteral and Enteral Nutrition,
22(2):49-66, (1998). [Retrieved from the Internet March 12, 2015: <URL:

AABDULRAZIKet

Nucl. Med. Biol.,

ADVENIERet al., “AluminumContaminationofParenteral NutritionandAluminumLoadingin|
Children on Long-Term Parenteral Nutrition,” Journal of Pediatric Gastroenterology and
Nutrition, 36(4):448-453, (2003). [Retrieved from the Internet June 6, 2018: <URL:

   

 

 
  

  
  

 

 

ALLEN, Jr., Loyd V., “L-Cysteine Hydrochloride 50 mg/mLInjection,” U.S. Pharmacist,
36(9):41-42, (2011). [Retrieved from the Internet May 26, 2016:

  

y of Calcium Chloride and Sodium Glycerophosphate
ral Nutrition Solutions,” Journal of Parenteral and Enteral Nutrition,

40(8):1166-1169, (2016, Epub. 2015). [Retrieved from the Internet October 24, 2015: <URL:
https://onlinelibrary.wiley.com/doi/epdf/10.1177/01 486071 15592673>]
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Amino acid-induced hypercalciuria in patients on total parenteral nutrition,”
The American Journal of Clinical Nutrition, 38(2):264-269, (1983). [Retrieved from the Internet
December 14, 2017: <URL: https://academic.oup.com/ajcn/article-
abstract/38/2/264/4690894>].   
BETTNER et al., pH, Temperature, Concentration, and Time on P le Counts in
Lipid-Containing Total Parenteral Nutrition Admixtures,” Journal of Parenteral and Enteral
Nutrition, 10(4):375-380, (1986). [Retrieved from the Internet March 10, 2015: <URL:
https://onlinelibrary.wiley.com/doi/epdt/10.1177/0148607186010004375>].

BISHOPetal., “Aluminum Neurotoxicity in Preterm Infants Receiving Intravenous-Feeding
Solutions,” The New England Journal of Medicine, 336(22):1557-1561, (1997). [Retrieved from
the Internet June 5, 2018: <URL:

  

 

   

BISTRIAN, Bruce R., “Brief History of Parenteral and Enteral Nutrition in the Hospital in the °
USA,” Nestlé Nutr Inst Workshop Ser Clin Perform Program, 12:127-136, (2009). |

 
BJELTONet al., “Availability of Cysteine and of L-2-Oxo-Thiazolidine-4-Carboxylic Acid as a
Source of Cysteine in Intravenous Nutrition,” Journal of Parenteral and Enternal Nutrition,
14(2):177-182, (1990).  

 
BOULLATAetal., “A.'S.P.E.N. ClinicalGuidelines: ParenteralNutritionOrdering, Order
Review, Compounding, Labeling, and Dispensing,” Journal of Parenteral and Enteral Nutrition,

: 377, (2014).  

 
Acid Formulation,” Journal of Parenteral and Enteral Nutrition, 16(1):64-68, (1992). [Retrieved
from the Internet February 10, 2015: <URL:

 
Double-Blinded, Randomized Placebo Controlled Pilot Study in Critically Ill Neonates,” JPEN J
Parenter Enteral Nutr., 40(2):226-234, (2016).  
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052 |DE CLOETet al.. ‘Physicochemical stable standardall-in-one parenteral nutrition admixtures |
for infants and children in accordance with the ESPGHAN/ESPEN guidelines,” Nutrition, 49:41-

Protein, and Amino Acids, The National Academies Press, 1358 pages, (2002). [Retrieved
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Dietary Reference Intakes for Vitamin A, ; rsenic, oron, Chromium, Copper,
lodine, lron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc, National Academy
Press, 800 pages, (2000). [Retrieved from the Internet December 16, 2018: <URL:

. http:/Avww.nap.edu/catalog/10026.html>]

| | | 007). [Retrieved from the Internet

061 lproate and protective role of L-cyste n
levels,” J Basic Clin Physiol Pharmacol, 27(5):497-504,

(2016). [Retrieved from the Internet May 4, 2016: <URL:
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062 |FEWTRELLet al., “Alu um exposure from parenteral n
health outcomes during childhood and adolescence,” Symposium 2: Micronutirents under the
Microscope, Proceedings of the Nutrition Society, 70(3):299-304, (2011). [Retrieved from the
Internet June 4, 2018: <URL: https://’www.cambridge.org/core/journals/proceedings-of-the-
nutrition-society/article/aluminium-exposure-from-parenteral-nutrition-in-preterm-infants-and-
later-health-outcomes-during-childhood-and-

FLORAetal.,
2788, (2010).

FORTENBERRYet al., “Evaluating Differences in Aluminum Exposure through Parenteral
Nutrition in Neonatal Morbidities,” Nutrients, 9(11):E1249, 6 pages, (2017).

HELLSTROMet al., “Sa1863. L-Cysteine Slow-Release Capsule Formulation in Prevention of
Gastric Carcinogenesis Associated With Atrophic Gastritis,” AGA Abstracts, 146(5, Suppl 1):S-
315, (2014).

 
 

 HERNANDEZ-SANCHEZetal., “Aluminium in parenteral nutrition: a systematic review, ~
European Journal of Clinical Nutrition, 67(3):230-238, (2013).
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078 JHEYMANet al., “Aluminum Does Not umulate in Teenagers and Adults on Prolong

Parenteral Nutrition Containing Free Amino Acids,” Journal of Parenteral and Enteral Nutrition,

 
 

 
., Trend of Nutritional Support in Preterm Infants,” Pediatrics and Neonatology,
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HU etal., “Efficacyandsafetyofacetylcysteine in "non-acetaminophen"acuteliverfailure: A
meta-analysis of prospective clinical trials,” Clin Res Hepatol Gastroenterol, 39(5):594-599,

 
  
 
 

 
 

 

 

 
 
 
  

HUSTONet al.,
Added Cysteine: Compatibility Studies Using Laser and Micro-Flow Imaging Methodology,”
PLoS ONE, 10(8):e0136894, (2015).

HUSTONet al., “Calcium chloride in neonatal parenteral nutrition: A 15 year experience,”
Journal of Neonatal-Perinatal Medicine, 10(1):33-38, (2017)

 

  
 
 

 

 

., ‘A case of drug-induced
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KARTALet al., “Compatibility of chewing gum excipients withtheaminoacid L-cysteine and
stability of the active substancein directly compressed chewing gum formulation,” Journal of
Pharmacy and Pharmacology, 60(9):  
 
with L-cysteine containing chewing gum,” (Academic Dissertation), Division of
Biopharmaceutics and Pharmacokinetics, University of Helsinki, Finland, 60 pages, (2012).
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