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Doc Code: TRACK1.REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: John Maloney I Nonprovisional Application Number (if I 

known): 

Title of 
Invention: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

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

1. 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 been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

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

3. The applicable box is checked below: 

I. [?] Original Application (Track One) - Prioritized Examination under§ 1.102(e)(1) 

i. (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. 

ii. 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. 

II. D Request for Continued Examination - Prioritized Examination under§ 1.102(e)(2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original non provisional utility 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 request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Sionatur/bryan I. Skelton/ DateJanuary 15, 2019 

~p~~~voed) Bryan L. Skelton Practitioner 50893 
Reoistration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

~ *Total of 
1 

forms are submitted. 
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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 may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

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

1. The information 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 whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in 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). 

5. 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. 

6. A record in this system of records may be 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)). 

7. A record from this system of records may be disclosed, 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 improvements in records management practices 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 any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, 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 be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in 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. 

9. 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 of a violation or potential violation of law or regulation. 
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Atty. Ref. No. 066859/509450 

ST ABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF 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 periods of time. 

BACKGROUND 

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

10 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 

15 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 

20 supplementation can be desirable. 

25 

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: 

1 
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L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof in 

an amount from about IO mg/mL to about I 00 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; 

10 headspace 02 that is from about 0.5% to 4.0% from the time of manufacture to 

about I 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 I month from 

manufacture when stored at room temperature, 

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

from about IO mL to about I 00 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 

20 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; 

25 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 02 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; 

2 
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Atty. Ref. No. 066859/509450 

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 I month from 

manufacture when stored at room temperature, 

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

5 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 IO mL to about I 00 mL. 

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

10 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 amino acids selected from the group 

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

15 methionine, tryptophan, alanine, arginine, glycine, praline, 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: 

20 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; 

25 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, praline, 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, 

3 
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Atty. Ref. No. 066859/509450 

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 

5 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 

10 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 

15 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. 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 

20 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 

25 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 

4 
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Atty. Ref. No. 066859/509450 

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 

5 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 

10 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 shows data for the process of Example 4. The plot shows comparison of 

oxygen headspace control between the lyophilizer chamber headspace control method 

15 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 

20 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 

25 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 

5 
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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 

5 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 

10 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 

15 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 

20 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. 

25 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. 

6 
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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 

5 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. As such, 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 

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

Additional efforts to identify the root cause for the product failure 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 some cases in less than 1-2 months. See Example 3. This finding 

15 was also 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 dangerous in 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 

20 smce 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 

25 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. 

7 
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Some subjects that would be rece1vmg 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 

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

cases, it 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 

10 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 because the 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 

15 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 

20 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 eliminating heat in the process, and in consideration of 

25 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. 

8 
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Atty. Ref. No. 066859/509450 

L-cysteine for injection is a marketed product used as a component of a nutritional 

supplement regimen referred 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, 

5 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). 

10 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, 

15 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 Formula I: 

(I) 

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

precursor for antioxidants, such as glutathione and taurine, 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 

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

activity in premature fetuses and newborns to synthesize L-cysteine de nova has led to the 

9 
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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. 

Known pharmaceutical compositions that contain L-cysteine can typically contain 

5 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 

10 levels over time. For all 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. 

15 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 

20 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 human error) 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 

25 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 thanlO ppb, or less than 5 ppb, or less than 1.0 ppb. Thus, 

30 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 

micrograms per kilogram per day (µg/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 

5 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 

10 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-known risk factor for renal 

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

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

15 weakened GI protective 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 

20 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 (measured as a base, i.e., not 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 

25 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 

5 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 

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

Commercially available amino acid product labeling for example indicates that 25 

10 mcg/L of Aluminum is contributed from the product itself. 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 volume to be administered 

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

contribute to about I mcg/kg/day. This leaves about 3 mcg/kg/day from other sources 

15 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 

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

20 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 

µg/kg/day (range 12 - 162 µg/kg/day) of Aluminum coming from various sources. Even 

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

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

highlights the need to systematically reduce the amount of Aluminum in 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 or at a certain amount is 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 

5 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 I shows a 

streamlined approach to categorize the potential patient population and their proposed daily 

10 doses of L-Cysteine. 

Table 1. Daily Dosage of L-Cysteine 

L-Cysteine 

Proteina Dosage 

Requirement L-Cysteine Dosage (mg 
Age (g/kg/day)1 (mg cysteine/g AA) cysteine/kg/day) 

Preterm and term infants less than I month 3 to 4 15 45 to 60 
of age 

Pediatric patients I month to less than I 2 to 3 15 30 to 45 
year of age 

Pediatric patients I year to 11 years of age I to 2 15 15 to 30 

Pediatric patients 12 years to 17 years of 0.8 to 1.5 5 4 to 7.5 
age 

Adults: Stable Patients 0.8 to I 5 4 to 5 

Adults: Critically Ill Patients 1.5 to 2 5 7.5 to 10 

"Protein is provided as amino acids. When infused 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 

15 however of how 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/mg of 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 

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

acids/kg/day). If L-Cysteine 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 administered to the patient from the final admixture 

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

10 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 

15 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 bone toxicity. Tissue loading may occur at even 

20 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 Aluminum levels of 5,000 ppb or even the 900 ppb associated with these 

25 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 

from 900 ppb from 120 ppb 
product product 

Preterm and 45 to 60 1.31 to 1.18 to 1.57 6.53 to 8.70 0.157to 
term infants 1.74 0.209 
less than 1 
month 
Pediatric 30 to 45 0.87 to 0.79 to 1.17 4.35 to 6.52 0.1 to 0.157 
patients 1 1.31 
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 1 yr 0.87 
to 11 yrs 
Pediatric 4 to 7.5 0.18 to 0.11 to 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 to 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 Dose at 
(40 mg/ g AA) 

Aluminum 
Contribution 
from 900 
ppb product 

Aluminum 
Contribution 
from 5,000 ppb 
product 

Aluminum 
Contribution 
from 120 ppb 
product 

Preterm and 
term infants less 
than 1 month 

120 to 160 3.48 to 3.13 to 4.17 17.39 to 23.19 0.42 to 0.56 

Pediatric 80 to 120 
patients 1 month 
to less than 1 yr 
Pediatric 40 to 80 
patients 1 yr to 
11 yrs 

4.64 

2.32 
3.48 

1.16 
2.32 

to 2.09 to 3.13 11.59 to 17.39 0.28 to 0.42 

to 1.05to2.09 5.79toll.59 0.14to0.28 
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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 

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 

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

0.12 mcg 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 

10 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). 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 

15 are likely to be deemed unsafe 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 ppb as illustrations, 

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. 

20 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/gAA from 20 ppb from 50 ppb from 120 ppb from 150 ppb 

product product product 
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Preterm 45 to 60 0.026 to 0.065 to 0.157to 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 1 0.026 0.065 0.195 
month to 
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 4 to 7.5 0.004 0.009 to 0.022 to 0.027 to 
patients 12 0.01 0.026 0.033 
yrs to 17 
yrs 
Adults: 4 to 5 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-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/kg/day of Aluminum. In some embodiments, parenteral L-Cysteine 

5 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 

mcg/kg/day of Aluminum. 

10 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 

15 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 ofL-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-

5 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 

10 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 nutrition composition. 

15 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 

20 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 

25 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 as illustrations, 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-Cysteine Aluminum Aluminum Aluminum Aluminum 
Dose at 40 Contribution Contribution Contribution Contribution 
mg/gAA from 20 ppb from 50 ppb from 120 ppb from 150 ppb 

product product product 

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 1 
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 

10 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-

5 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 

mcg/kg/day of Aluminum. 

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

10 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 

15 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 

20 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 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 

25 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-
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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 

5 Aluminum toxicity. 

I. Definitions 

As used 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 

10 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 

months or three to 24 months. 

15 As used herein, the term "dissolved oxygen" refers to oxygen that is found in the 

aqueous carrier 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 volume of the sealed container comprising the composition. 

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

20 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 

25 symptoms of 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 

5 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 

10 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 of skill in the art would have 

experience with such administrations. 

As used herein, "effective amount" refers to an amount of an ingredient, such as 

15 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 known to be effective or providing nutritional value to prevent effects of 

20 malnutrition. It is understood that various biological factors may affect 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 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. 

25 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 known in the art, it is recognized that individual variation 

30 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 to the complete or nearly 

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

5 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 

10 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 component that the effect would be the same 

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

15 "substantially free of' an ingredient or element may still 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 

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

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

purposes of this 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, 

25 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 disorder is 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 

5 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. 

10 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 

15 container holding a drug product in a sterile environment that 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, 

20 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 administer its 

contents to more than one subject in need thereof. 

As used herein, the term "mixing" refers to admixing, contacting, blending, stirring 

25 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. 

II. 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 

10 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 amount from about 0.001 wt% to about 2.0 wt% relative to L-

15 cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

20 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-

25 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; 

5 a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

10 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 

15 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 

20 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 are at a ratio of from about 

25 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 are at 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 (i.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 (i.e., about 300,000 units of L-Cysteine to 1 unit of 

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

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

5 embodiments the L-Cysteine and Aluminum are at 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 

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

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 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 (i.e., 

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

15 Cysteine and Aluminum are at a ratio of from about 1.8 million: 1 (i.e., about 1.8 million 

units of L-Cysteine to 1 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 

20 unit of Aluminum). In some embodiments the L-Cysteine and Aluminum are at a ratio of 

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

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 from about 230,000: 1 (i.e., 

about 230,000 units of L-Cysteine to 1 unit of Aluminum) to about 170,000: 1 (i.e., about 

25 170,000 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 170,000: 1 (i.e., about 170,000 units of 

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

30 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 nano grams (i.e., about 4 million nano grams of L­

Cysteine to 1 nano gram of Aluminum) to about 1.8 million: 1 nano grams (i.e., about 1.8 

million nano grams of L-Cysteine to 1 nano gram of Aluminum). 

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

5 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. 

10 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 

15 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 

20 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 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 

25 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. 

5 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, numerous aspects 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 

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

In some additional 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 

15 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 

20 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 as set forth in Example 4. 

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

25 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 

30 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 

5 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, 

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

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

equivalent amount of L-cysteine hydrochloride mono hydrate rather than the amount of the 

alternative form employed. 

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

15 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 

20 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. 

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 

25 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. In still 

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 

5 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 

10 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. 

15 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 manner as described 

20 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 known in 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 

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

example I 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 
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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 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 

5 the coating is presumed to 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 

10 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 

15 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 

20 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 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 

25 example of a specific coated stopper is supplied by West Pharma and is 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. 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 product but also for their minimal 

contribution to Aluminum levels in the drug product. 

5 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, 

10 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. 

15 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 1 

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

20 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. 

25 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 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 

10 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 

15 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, 

20 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 

25 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, m 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 

5 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 

10 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, 

15 but in an amount that 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. 

When present, pyruvic acid is typically present in a relatively small amount compared to 

20 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 

25 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-

30 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 

5 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 

10 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 

15 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 amount that 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. 

20 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 

25 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-

5 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 

10 or less. The L-Cysteine compositions provided herein show Iodide concentrations of less 

20 ppm and Fluoride concentrations of less than 30 ppm 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. In some embodiments, the 

L-Cysteine compositions provide from about 1.0 ppm to 20 ppm of Iodide; in some 

15 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 

20 1.0 ppm to about 5 ppm. Methods for 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 

25 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/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 

30 allowable limit for some elements are relatively high, whereas for other elements they are 
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relatively very low. For example, Molybdynum has the 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. 

5 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 I ppb to 10 ppb 

10 of Lead; in some embodiments, from about I ppb to about 8 ppb; in some embodiments, 

from about I ppb to about 7 ppb; or in some embodiments, from about I 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. 

15 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 

20 months, when stored under Room Temperature Conditions. 

With respect to Nickel, the L-Cysteine compositions described herein provide from 

about I ppb to 50 ppb of Nickel; in some embodiments, from about I ppb to about 40 ppb; 

in some embodiments, from about I ppb to about 30 ppb; or in some embodiments, from 

about I ppb to about 25 ppb; or in some embodiments from about I ppb to about 20 ppb, 

25 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 

5 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 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 Arsenic, Mercury, Lead and other elements may be 

extracted from the container or from the stopper. In one specific embodiment, the extracted 

10 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 stopper is 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 

15 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 

20 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 

25 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 of clarity 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 

5 space oxygen levels within a sealed container of L-Cysteine compositions described herein 

may reach an equilibrium at some time point during its 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 

10 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 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 may fall within that range at some other 

time point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges, 

15 subranges, and specific data points disclosed and discussed herein are valid and suitable 

for time points beyond the time zero and 1-month time points. 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 

20 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 amount of dissolved oxygen in the carrier and the amount of 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 

25 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 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 may be 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 may start first with vacuum operation followed by inert gas overlay followed by 

5 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 seconds or from five to fifteen seconds when conducted by 

10 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 

15 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-cysteine compositions described herein can be admixed with amino acid 

solutions, such as crystalline amino acid injection, for example, commercially available 

20 TRA V ASOL ® and TRA V ASOL E®. 

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 

25 essentially free of L-Cysteine comprising one or more amino acids selected from the group 

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

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

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

TPN composition for infusion, comprising: 

30 L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof; 
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Aluminum in an amount from about IO 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; 

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

cysteine; 

5 one or more amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

arginine, glycine, praline, serine, and tyrosine; 

a pharmaceutically acceptable carrier, comprising water, 

wherein, the amounts are from about 100 mL to about 1,000 mL and the total 

10 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 

15 ammo acids selected from the group consisting of leucine, isoleucine, lysine, valine, 

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine, 

pro line, serine, and tyrosine. In certain embodiments, the composition includes all of these. 

In certain embodiments, 500 mg of L-Cysteine is admixed with 12.5 gram of crystalline 

amino acid injection, such as that present in 250 mL of 5% crystalline amino acid injection. 

20 In some aspects, 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-Cysteine per gram of amino acids. See, for example, Tables 1-2 

25 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 added to the 

compositions specifically as an antioxidant. Naturally occurring antioxidants may still be 

present. 

In certain embodiments, the compositions that comprise one or more of the above 

ammo 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. 

10 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 

15 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-

20 cysteine composition for injection as L-cysteine hydrochloride monohydrate. 

25 

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, and is stable for 9 months or less. 
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In certain embodiments, the stable, safe L-cysteine composition can consist 

essentially of L-cysteine, water, Aluminum in an amount of 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 that is less 

5 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 

m a variety of ways depending upon the method used for administering the drug. 

10 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 

15 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 

20 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 pharmaceutical arts, 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 

25 levels are NMT 120 ppb is 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, 

30 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 convey that 

5 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 those situations where the levels are below quantitation 

10 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 

15 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 of art in the 

pharmaceutical industry. Those in the industry do not assume these terms necessarily 

20 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 

understood in light of this custom and practice in the art. 

25 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) 16th 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 

5 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 recommend a tonicity 

outside of the ranges recited herein under certain circumstances. 

10 III. 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 

intravenous fluid to prepare a diluted L-cysteine composition for infusion. The methods 

15 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 

20 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-

25 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, praline, serine, and tyrosine; and 

a pharmaceutically acceptable carrier, comprising water, 

5 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, 

10 compnsmg: 

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 

15 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-

20 cysteine, comprising: 

25 

administering to a subject a composition compnsmg 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 amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

30 arginine, glycine, praline, serine, and tyrosine, 
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wherein the Aluminum administered to said subject is reduced compared to 

administration of a standard parenteral composition comprising L-cysteine and Aluminum 

5 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 can be up to 90%, up to 80%, up to 70%, up to 60%, up to 

10 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 

15 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 

20 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 

25 as, crystalline amino acid injection. In this aspect, the methods comprise diluting with an 

intravenous fluid 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 
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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 therapy is not 

possible; other disease states or conditions in which oral or enteral feeding are not an 

5 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, 

10 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 

15 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. 

20 In certain embodiments, the intravenous fluid 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. 

In certain embodiments, the diluted L-cysteine composition for infusion is typically 

25 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 whether the patient is a pediatric patient or an adult patient. For example, 

5 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 

10 mcg/kg/day. For adults, i.e., stable patients, the therapeutically effective dose is 4 to 5 

mcg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10 

mcg/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 

15 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 µg/kg/d of 

Aluminum. In still further examples, the therapeutically effective dosing regimen can 

20 provide less than or equal to 4 µg/kg/d of Aluminum, or less than or equal to 3 µg/kg/d of 

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum 

from the composition of from about 2 µg/kg/d to not more than 5 µg/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 

25 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 

30 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 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 oxygen in the container is about 0.1 ppm to about 5 ppm. 

The subject matter described herein includes, but is not lirnlted to, the following 

specific embodiments: 

20 1. A stable L-cysteine composition for parenteral administration, comprising: 

25 

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

about I month from manufacture when stored at room temperature; 

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

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

manufacture when stored at room temperature, 

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

from about IO mL to about I 00 mL. 

2. The composition of embodiment 1, wherein the composition is essentially free of 

IO an antioxidant. 

3. The composition of embodiment I 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. 

15 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 Aluminum is present in 

an amount from about 1.0 ppb to about 160 ppb. 

7. The composition of embodiment 1, 2, 3, 4, 5 or 6, wherein said Aluminum is present 

20 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. 

25 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. 

I 1. 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 IO ppb. 
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12. The composition of embodiment 1, 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 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 

5 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 

10 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. 

15 17. The composition of embodiment 1, 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 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 amount from about 0.10 ppm to about 

2.0 ppm. 

20 19. The composition of embodiment 1, 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. 

25 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 or less. 

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, 

30 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 

5 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 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, 

10 17, 18, 19, 20, 21, 22, 23, 24 or 25, wherein said internally coated glass container is coated 

with SiO2. 

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 embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

15 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 

20 composition in an amount not more than 200 ppb after storage at ambient temperature for 

a period of 3 months or 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. 

25 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 months or less, said Aluminum comprising, from about O 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 

5 composition in an amount not more than 200 ppb after storage at ambient temperature for 

a period of 9 months or less, said Aluminum comprising, from about 1.0 ppb to about I 00 

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. 

10 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 months or 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 

15 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 

20 temperature for a period of 9 months or less. 

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 I wt% relative to L-cysteine after storage at ambient 

temperature for a period of 9 months or less. 

25 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 months or less. 

36. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

30 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 

5 composition in an amount not more than 2 wt% relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 I wt% relative to L-cysteine after storage at 

10 ambient temperature for a period of 9 months or less. 

39. 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 0.5 wt% relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

15 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 months or less. 

41. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

20 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 months or less. 

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 

25 composition in an amount not more than 0.1 wt% relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 amount of less than 1.0%. 

56 

Eton Ex. 1002 
59 of 436



Atty. Ref. No. 066859/509450 

44. 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 amount of 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, 

5 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace 

oxygen in an amount of 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 amount of less than 0.6%. 

10 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 amount of 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 

15 oxygen in an amount of 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 about 2.0. 

50. A stable composition from about 100 mL to about 1000 mL for administration via 

20 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 amino acids selected from the group consisting 

25 of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine, 

tryptophan, alanine, arginine, glycine, praline, 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 

30 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. 

5 55. The stable composition for injection of embodiment 50, 51, 52, 53 or 54, further 

compnsmg 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 

10 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. 

15 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 

20 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 IO 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 

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

30 

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, praline, 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 

5 to L-cysteine administration, comprising: 

diluting a stable L-cysteine composition of embodiments 50, 51, 52, 53, 54, 55 or 

56, 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 

10 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 I mcg/kg/day to about 4 

15 mcg/kg/day, or about 2 mcg/kg/day to about 4 mcg/kg/day, or about I 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 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. 

20 64. The method of embodiment 61, 62 or 63, wherein administering is performed via 

intravenous infusion. 

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 I mL/min to about IO ml/min. 

25 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 

30 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). 

5 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 months or less. 

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. 

10 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; 

15 Contacting under the Argon the WFI with L-Cysteine Hydrochloride, 

20 

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, 

25 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 (WFI) was added 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 

10 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 addition of L-

15 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 

continues until the dissolved oxygen was NMT 1 ppm. 

With continuous mixing and Argon overlaying, the solution's pH was adjusted to a 

20 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 was verified 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. 

25 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 was fully 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 

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. 

15 

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 

XMHH1609 212 ppb 569ppb 1.306 ppb 

XMHH1610 199 ppb 748 ppb 1,374 ppb 

XMHH1611 230ppb 726ppb 1,044 ppb 

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 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 

5 However, the product showed acceptable aluminum content. The data for aluminum levels 

are shown below. 

Table 8. Aluminum Levels 

Time Point Lot XMHG 1700 Lot XMHG 1701 Lot XMHG 1702 

Time Zero l.mm 2-.mm l.mm 

Aluminum at additional time points was not measured because the product was abandoned 

10 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 

15 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) I 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 Iyo 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 

10 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 

15 critical process parameters on its predetermined critical quality attribute. 

Table 9: Sampling and Testing Methodology 

Operation 
Sample Testing Acceptance 

Location/Quantity Requirements Criteria 
The bulk solution was mixed under 
Argon overlaying. Measure and record 
final solution weight, solution 

Dissolved 
Compounding 

temperature, solution pH, and dissolved Dissolved 
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 
Filling 

from each tray as it is filled Fully seat Dissolved 
Oxygen 

the stoppers of the removed filled vials Oxygen 
=Report Value 

immediately after removal and then 
label vials appropriately 
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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 
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 Value 
appropriate 

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 seat 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 
Oxygen 

Oxygen 
the Lyo, fully seat the stoppers of the =Report Value 
vials, and label appropriately 

Following headspace reduction and 
immediately prior to loading each tray Dissolved 
into the RAB for capping, use forceps to Dissolved Oxygen 
remove four (4) filled vials from each Oxygen =Report Value 
tray. Place a mark on each of the 

Capping 
removed vials for identification 
purposes and place the marked vials 
back into the tray. Load the tray into the Head Space Head Space Gas 

RAB for capping. Following the Gas Analysis Analysis 

capping of each tray, remove the =Report Value 

marked vials from the tray and label 
appropriately. 

Dissolved 

Following headspace reduction and 
Dissolved Oxygen 

Capping capping, remove the eighteen (18) vials 
Oxygen =Report Value 

Fill Hold marked "Fill Hold" from Tray 21 for 
Head Space 

Head Space Gas 
testing. Analysis 

Gas 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 

5 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 I - 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 measured live time after filling using 

IO 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 measured after 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 

15 process is provided in Figures I and 2. 

Table 10. Dissolved Oxygen Levels. 

Tray Number 
Post Filling -Pre HSR 

(ppm) 
Post Filling - During 

Loading of Lyo (ppm) 
Post HSR -Capping - Filled 

Vials (ppm) 

t ili(Iij~f m]ijf 9.:#,§Q r 
2 11.228 9.925 0.470 

4 12.441 10.370 0.409 

18 6.628 9.859 0.707 

20 6.343 9.720 0.495 

22 5.374 10.308 0.546 

24 7.073 9.844 0.541 

38 3.604 9.251 0.378 

40 5.173 9.577 0.369 

liiiiii i~HI !iii§'. lilt~ r 
STD 1.03 0.39 0.11 
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Table 11. Filled Vials Head Space Oxygen. 

Tray Number 
Post HSR -Capping - Filled Vials Post Capping - Empty Vials 

(% Oxygen) (% Oxygen) 

2 1.399 1.116 

4 0.950 1.139 

18 1.766 1.236 

20 1.265 1.180 

22 1.365 1.169 

24 1.148 1.114 

38 0.871 1.151 

40 0.889 1.042 

STD 0.32 0.10 

liiffi iiii ifat w 

Table 12. Held vials dissolved oxygen (ppm) and head space oxygen content(%). 

Held Vnh­
T!'ay l i T!'ay 11 

D:is.s.:.<k ed Ox.._,-gen 
P;:.t_st filling - li:.<ading .af 

Lyo{p:µm} 

lli;,;rols· ed lliygen 
P.ost ffiR -~]J-i;:d:~ -
f.~ Visfa (ppm) 

Heail Si;:,a~ Ox.,ygen % 
P.ost HSR -Ca]J-p,mg­

Filled Viak{%) 

]:]:]:]:]i~-l]:d:J:J:J:J:J:J:J:J:~~i :J:J:J:J:J:J:J:J:J:J:J:J:ij;i!lm: :J:J:J:J:J:J:J:J:J:J:J:J:JXm:JJttt?r}::::== 
STD C.15 ~}.{)2 0'.•B 
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Table 13. Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space 

Oxygen Content (% ). 

lli<..,b,.o,d~~ 

Pi·,HSR(p~ 
Disf-~"J:'ed Ch.-nirn 
Pao.tRSK -{wm) 

.HeM Sp.au,~~,.% 
P.MiHSR(%) 

l.W.9 
P.ROT -~~~ Si'"d~ 

F llle:l Viili As·;,, .. 

•·••·••·••·••·••·••·~·::.'.'..'.:.~.:

1

.::.::.~.::.::.::.::.::.::.:k..~.::.i.'.
1

.i.'.:.i.'.'..'.$!.::.::.!.::.'.'..}.=:.:•.••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••·••· ., •.• ,L.•.:·•= •=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=•·•=L·•·:· ???????????????????????????????????????Jt}::==,=,=,==== t?t=!fflAAfX#4.ftM@t\J?f::::===============·=·=·=· . . ????????????????????????JM,'f(/?::::===============·=·=·=·······-- .. 
i:OlS.-RD-{~ZZ Study 

.HllM Vi.J.sA,,g. 
,.1'1 

L"'tXMHJ17% O . .NJ. J...~ 

•••••••••••••••••@lH#~MiJdJJJJJJJJJlli JJJJJJJJJJJJ\J;~/ JJJJJJJJJJJJJJJJJJJJJJ/MJJ?Jt?tJrr,=,=================·=·=·=···· 

The results from these experiments demonstrate the effectiveness of the 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 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 

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 

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 was observed 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 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 both filled and empty vials taken from 

20 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 I as part of the stressed sample analysis over the 

5 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 measured after 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 

IO head space reduction. The average % Oxygen for the filled held vials was found to be 

1.48%, compared with 1.21 % for the filled regular vials. This indicated that the HSR cycle 

was effective in achieving comparable DO and Headspace oxygen results 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 

15 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. 

20 

Example 5 

Head space oxygen reduction was accomplished usmg an automated filling 

equipment that can handle high speed filling, in contrast to slow or low volume operation 

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. Each pulse is timed to be within 0.1 to 5 seconds such that typically 3-5 pulses are 

25 conducted in one head space oxygen reduction cycle. The pulse rate can be adjusted after 

multiple trials to provide optimal head space reduction with optimal speed of the filler such 

that no product is 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 number of fill heads 

used. 

A 50 L batch was prepared utilizing the current compounding procedure described 

above in Example 1. The filler was set up to fill and reduce head space oxygen as per the 

5 process shown in 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 I-month time point. The 

data are shown below. 

The evaluation of the filler's performance demonstrated that the headspace oxygen 

IO control was comparable to or better than the current process for L-Cysteine. Headspace 

oxygen values obtained ranged from 0.2% to 0.5% for all vials filled, including empty vials 

during start up. Vials tested after I-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 I-month stability testing. Also included below is a comparison 

15 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 
:z·, :z·, :z·, :z·, :z·, 

Tray Overall Overall 
:·z•; :.z.; :.z.; :.z.; :.z.; Tray 5 

10 Low High 
Average 

:.z., :.z., :.z., :.z., :.z., 

Headspace 02 (%) 0.473 0.378 0.243 0.490 0.372 

20 Table 15. Headspace Oxygen Levels at I Month for High-Speed Filler 

PROT-000213-1 Month 

Tray No. 5 Tray No.10 

Low High Average Low High Average 

Headspace 02 (%) 0.412 1.518 0.995 0.98 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) 

2.3 % Oxygen 
1.9 % 1.9 % 

Average Oxygen Oxygen 0.4 % Oxygen 
Low NIA 0.2% Oxygen 
High NIA NIA NIA 0.5% Oxygen 

NIA NIA 
1 Month Room 

0.9 % Oxygen 
2.8 % 1.2 % 1.1 % Oxygen 

Temperature Oxygen Oxygen (0.4 % to 1.5 %) 

NIA- Not Applicable 
5 

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 was utilized for lots 

XMHJI 705, XMHJI 706, and XMHJI 707 of L-Cysteine Hydrochloride injection. The time 

10 zero oxygen headspace results for the engineering 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. Oxygen percentage was taken for 

the samples from PROT-000213 using the NeoFox Phase Fluorometer. Lots XMHJI 705, 

XMHJI 706, and XMHJI 707 used Argon Headspace Analysis, QCTM-000014. 

15 

20 

In addition to the head space oxygen levels, dissolved oxygen levels were also 

measured. Data are shown in 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 

Sample 
1 

Study - 1 Month 

Tray No. 5 

Sample 
2 

Sample 

3 

71 

Sample 
4 

Sample 
1 

Tray No.10 

Sample 
2 

Sample 
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Headspace 02 
0.576 0.412 1.518 1.475 0.98 1.454 1.352 

(%) 

Dissolved 02 
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 

An L-cysteine composition for injection was manufactured as described in Example 

1. The glass used was Schott Type 1 USP Plus glass, internally coated with silicon dioxide. 

The composition was subjected to stability testing to evaluate the stability of the 

composition over time. Table 18 shows various stability 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 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 

15 
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Example 7 

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 

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 marked effects 

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. 

IO Table 19. Effect of lack of Head space and Dissolved Oxygen Control on Product Purity 

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 HCI 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 

Evaluation of Anions in L-Cysteine Product 

Inorganic anionic leachables were determined using validated potentiometric 

15 methods utilizing ion selective electrodes. Fluoride and Iodide were evaluated for this drug 

product. The leachables testing results are listed in Tables 20 and 21 below. 
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Table 20. Leachable Iodide Results for L-Cysteine HCl Injection 
[i-] (ppb) 

XMHJ1705 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

I 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 28.1 25.3 25.3 24.0 22.3 21.6 

Average 27.4 26.3 26.1 24.4 23.7 23.5 

SD 1.3 1.0 0.9 0.7 1.3 1.6 

%RSD 4.7 3.9 3.6 2.7 5.6 7.0 

XMHJ1706 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

I 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 

XMHJ1707 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

I 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 53.0 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 HCl 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 6 month 6 month 
Iodide (ppb) 29 24 24 19 
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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 m 

leachable amount including vial orientation or temperature dependence was observed. 

Example 9 

Elemental Leachables 

Elemental leachables were evaluated using a validated inductively coupled plasma 

10 mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and 

other literature 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. 

15 Table 22. Elemental Impurity Leachables Results for L-Cysteine HCl Injection 

[X] (ppb) 

XMHJ1705 XMHJ1705 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element (ppb) Time point (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 

Iron 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 I 2 3.38 1.2 3 0.88 

Copper 2907 <0.5 <QL <QL 15.0 <0.5 2 <QL 

Manganese 2423 I <QL <QL 0.3 <0.5 2 <QL 

Lithium 2423 <0.5 5 3.90 0.1 <0.5 6 3.79 

Gold 969 5 3 9.76 0.3 3 4 1.76 

Antimony 872 I I 0.88 0.1 I 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 HCl Injection 
[X] (ppb) 

XMHJ1705 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 

12 12 12 
INV HOR UP 

Molybdenum 14537 0.4 0.4 0.5 

Zinc 12598 7 5 3 

Iron 12598 9 157 637 

Chromium 10660 I 2 3 

Barium 6784 0.4 0.4 0.4 

Tin 5815 I I I 

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 I 

Antimony 872 0.4 0.3 0.3 

Selenium 775 <QL I <QL 

Nickel 194 14 14 15 

Arsenic 174 0.3 0.3 0.2 

Aluminum 120 
(4) (19) (5) 

<QL <QL <QL 

Vanadium 97 <QL <QL <QL 

Silver 97 <QL <QL <QL 

Ruthenium 97 <QL <QL <QL 

Rhodium 97 0.01 0.01 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 HCl Injection 
[X] (ppb) 

XMHJ1706 XMHJ1706 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (months) 

1 3 6 9 1 3 6 

Molybdenum 14537 <0.5 I 1.32 0.4 <0.5 2 1.33 

Zinc 12598 10 8 8.23 23.9 10 36 4.25 

Iron 12598 9 30 34.02 7.9 10 41 45.60 

Chromium 10660 I <QL <QL 1.9 2 5 <QL 

Barium 6784 <0.5 <QL <QL <QL I I <QL 

Tin 5815 I 2 2.91 1.3 I 3 2.08 

Copper 2907 <QL <QL <QL <QL <QL I <QL 

Manganese 2423 <0.5 <QL <QL 0.3 <0.5 I <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 I I 0.81 <QL I 2 0.91 

Selenium 775 <0.5 <QL <QL 0.6 I 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 
<QL 

<QL <QL <QL <QL <QL (2) 

Vanadium 97 <QL <QL <QL <QL <0.5 4 <QL 

Silver 97 <QL <QL <QL <QL <QL 17 <QL 

Ruthenium 97 <0.5 I 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 I <QL 

Palladium 97 <0.5 <QL <QL <QL <0.5 I <QL 

Osmium 97 <0.5 <QL <QL <QL <0.5 I <QL 

Iridium 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 5.53 2.0 2 6 5.53 

Mercury 29 <0.5 I 1.11 1.5 <0.5 I 1.01 

Cadmium 19 <0.5 I 1.30 <QL <0.5 2 1.30 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1706 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 

12 12 12 
INV HOR UP 

Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 3 6 8 

Iron 12598 11 55 10 

Chromium 10660 I I I 

Barium 6784 0.4 0.6 0.4 

Tin 5815 I 2 2 

Copper 2907 I 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 775 0.4 <QL 0.4 

Nickel 194 14 14 14 

Arsenic 174 0.8 0.5 0.4 

Aluminum 120 
(5) (6) (1) 

<QL <QL <QL 

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 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 0.004 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1707 XMHJ1707 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (months) 

1 3 6 9 1 3 6 

Molybdenum 14537 <0.5 I 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 I <QL <QL 2.2 I 6 <QL 

Barium 6784 <0.5 <0.5 <QL <QL <0.5 I <QL 

Tin 5815 I 2 2.13 3.2 I 3 2.22 

Copper 2907 <0.5 <QL <QL <QL <0.5 2 <QL 

Manganese 2423 <0.5 <QL <QL 0.1 <0.5 I <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 I I 1.01 <QL I 2 1.06 

Selenium 775 <0.5 <QL <QL 0.1 <0.5 2 <QL 

Nickel 194 11 8 7.71 7.4 10 8 7.82 

Arsenic 174 I <QL <QL 0.4 I 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 I 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 I <QL 

Palladium 97 <0.5 <QL <QL <QL <0.5 I <QL 

Osmium 97 <0.5 <QL <QL <QL <0.5 I <QL 

Iridium 97 <0.5 6 5.95 <QL <0.5 7 5.94 

Thallium 78 <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 I 0.98 1.2 <0.5 I 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 HCl Injection 
[X] (ppb) 

XMHJ1707 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 

12 12 12 
INV HOR UP 

Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 7 4 6 

Iron 12598 8 71 13 

Chromium 10660 I I I 

Barium 6784 0.6 0.5 0.6 

Tin 5815 I I I 

Copper 2907 0.2 0.2 0.1 

Manganese 2423 0.2 I 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 775 0.4 <QL <QL 

Nickel 194 14 14 14 

Arsenic 174 0.6 0.6 0.6 

Aluminum 120 
(5) (26) (39) 

<QL <QL <QL 

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 HCl Injection 
[X] (ppb) 

XMHJ1702A 
25 °C/60 %RH 

Element 
AEC Time point 
(ppb) (months) 

9 9 
INV UP 

Molybdenum 14537 I 0.5 

Zinc 12598 17 17 

Iron 12598 5 59 

Chromium 10660 5 I 

Barium 6784 I 0.4 

Tin 5815 2 I 

Copper 2907 I 0.4 

Manganese 2423 2 I 

Lithium 2423 8 0.1 

Gold 969 7 I 

Antimony 872 <QL 0.3 

Selenium 775 <QL <QL 

Nickel 194 11 15 

Arsenic 174 0.3 0.1 

Aluminum 120 
(9) (5) 

<QL <QL 

Vanadium 97 3 <QL 

Silver 97 2 <QL 

Ruthenium 97 0.9 <QL 

Rhodium 97 8 0.01 

Platinum 97 2 <QL 

Palladium 97 I 0.1 

Osmium 97 0.8 <QL 

Iridium 97 10 0.04 

Thallium 78 7 <QL 

Cobalt 48 3 0.03 

Lead 48 8 2 

Mercury 29 I 0.6 

Cadmium 19 0.5 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1702A XMHJ1702A 

AEC 
25 °C/60 %RH 40 °C/75 %RH 

Element 
(ppb) 

Time point (months) 

0 1 2 3 6 0 1 2 3 6 

Molybdenum 14537 2 NIA NIA 1.34 0.5 2 2 <0.5 1 0.4 

Zinc 12598 42 NIA NIA 3.90 34.3 42 37 2 4 22.1 

Iron 12598 284 NIA NIA 15.31 7 284 27 <QL 35 11.2 

Chromium 10660 14 NIA NIA <QL 2.1 14 4 <0.5 <QL 2.1 

Barium 6784 2 NIA NIA <QL <QL 2 2 <QL <QL <QL 

Tin 5815 3 NIA NIA 1.82 3.8 3 3 2 2 1 

Copper 2907 4 NIA NIA <QL 123.1 4 2 <QL <QL 0.1 

Manganese 2423 5 NIA NIA <QL 0.1 5 1 <0.5 <QL 0.3 

Lithium 2423 6 NIA NIA 3.92 0.2 6 6 <QL 4 0.2 

Gold 969 7 NIA NIA 3.45 0.1 7 4 5 4 0.1 

Antimony 872 2 NIA NIA 1.08 <QL 2 2 1 1 <QL 

Selenium 775 4 NIA NIA <QL 0.4 4 2 <QL <QL <QL 

Nickel 194 11 NIA NIA 8.93 8 11 9 4 8 8.1 

Arsenic 174 2 NIA NIA <QL 0.3 2 1 <QL <QL 0.3 

Aluminum 120 <0.5 NIA NIA <QL <QL <QL (3) (8) (7) <QL <QL <QL <QL 
Vanadium 97 4 NIA NIA <QL <QL 4 3 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 

Ruthenium 97 2 NIA NIA 0.76 <QL 2 2 <0.5 1 <QL 

Rhodium 97 8 NIA NIA 4.30 <QL 8 8 9 4 <QL 

Platinum 97 1 NIA NIA <QL 0.1 1 1 <0.5 <0.5 0.1 

Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 

Iridium 97 7 NIA NIA 5.98 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 3.59 <QL 5 5 6 4 <QL 

Cobalt 48 <0.5 NIA NIA <QL <QL <0.5 <0.5 <QL <0.5 <QL 

Lead 48 6 NIA NIA 5.01 1.6 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 0.81 1 2 1 1 1 1.1 

Cadmium 19 2 NIA NIA 1.37 <QL 2 2 1 1 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1702B XMHJ1702B 

Element 
AEC 25 °C/60 %RH 40 °C/75 %RH 
(ppb) Time point (months) 

0 1 2 3 6 0 1 2 3 6 
Molybdenum 14537 2 NIA NIA 1 0.5 2 2 <QL 1 0.4 

Zinc 12598 38 NIA NIA 71 23.5 38 39 <QL 7 23.1 
Iron 12598 166 NIA NIA 31 7.9 166 35 <QL 16 12.3 

Chromium 10660 9 NIA NIA <QL 2.1 9 6 <QL <QL 1.9 
Barium 6784 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Tin 5815 3 NIA NIA 21 1.5 3 4 3 3 1.3 
Copper 2907 2 NIA NIA <QL <QL 2 2 <QL <QL 0.3 

Manganese 2423 3 NIA NIA <QL 0.1 3 1 <QL <QL 0.3 
Lithium 2423 6 NIA NIA 4 0.2 6 6 <QL 4 0.2 

Gold 969 5 NIA NIA 3 0.1 5 4 5 3 0.1 
Antimony 872 2 NIA NIA 1 <QL 2 2 1 1 <QL 
Selenium 775 3 NIA NIA <QL 0.1 3 2 <QL <QL <QL 

Nickel 194 10 NIA NIA 9 8.2 10 8 4 8 8.2 
Arsenic 174 2 NIA NIA <QL 0.3 2 2 <QL <QL 0.1 

Aluminum 120 <QL NIA NIA (6) <QL <QL (10) (25) (6) <QL <QL <QL <QL <QL 
Vanadium 97 4 NIA NIA <QL <QL 4 4 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 
Ruthenium 97 2 NIA NIA 1 <QL 2 2 <0.5 1 <QL 
Rhodium 97 8 NIA NIA 4 <QL 8 8 9 4 <QL 
Platinum 97 1 NIA NIA <0.5 0.1 1 1 <0.5 <0.5 0.1 
Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 
Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 
Iridium 97 7 NIA NIA 6 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 4 <QL 5 5 6 4 <QL 
Cobalt 48 <0.5 NIA NIA <0.5 <QL <0.5 <0.5 <QL <0.5 <QL 
Lead 48 6 NIA NIA 5 1.5 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 1 0.5 2 1 1 1 0.4 
Cadmium 19 2 NIA NIA 1 <QL 2 2 1 1 <QL 

Example 10 

Visual Inspection of Filled Vials 

The L-Cysteine product that was manufactured by the two methods (i.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 

I I PROT-000213 I XMHJ1705 I XMHJ1706 I XMHJ1707 I 
Total Vials 1918 3473 3473 3497 
White PM 36 120 31 32 
Overall% 1.88% 3.46% 0.89% 0.92% 

As the data show, no confirmed degradation was observed by either method 

5 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, 

IO 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. 

15 

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 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 

20 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 

25 numerical terms or range without the term "about". For example, for the sake of 

85 

Eton Ex. 1002 
88 of 436



Atty. Ref. No. 066859/509450 

convemence 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 

5 therewith. Furthermore, the term "about," as used herein when referring to a measurable 

value such as an amount of a compound or agent of this invention, dose, time, temperature, 

and the like, is meant to encompass variations 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 

10 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 format is used merely for 

convenience and brevity and thus should be interpreted flexibly to include not only the 

15 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 I to about 5" should be interpreted to include not only the explicitly recited values 

of about I to about 5, but also include individual values and sub-ranges within the indicated 

20 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. 

25 Having thus described in detail preferred embodiments of the present invention, it 

is to be understood that the invention defined by the above paragraphs is 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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WHAT IS CLAIMED IS: 

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 amount from about 0.001 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 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 claim 1, wherein the composition is essentially free of an 

antioxidant. 

3. The composition of claim 1, wherein said Aluminum is 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 Aluminum is present in an amount from 

about 1.0 ppb to about 100 ppb. 
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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 from 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 thereof is 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 amount of 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 oxygen is 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-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 10 ppb to about 80 ppb; 

L-cystine in an amount from about 0.0.1 wt% to about 2.0 wt% relative to 

L-cysteine; 

pyruvic acid in an amount from 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 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, 

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, praline, serine, and tyrosine. 

16. The composition of claim 15, where said L-cysteine composition and said amino 

acid composition are present in the admixture at 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, praline, serine, 

and tyrosine; and 

Aluminum (Al) 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 (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; 
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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 oxygen in 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 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, praline, 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. 
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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 amount from about IO mg/mL to about I 00 mg/mL; Aluminum in an 

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

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 

carrier, comprising water; headspace 02 that is less than 1.0%; dissolved oxygen 

present in the carrier in an amount from about 0.01 parts per million (ppm) to about I 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 for their use. 
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1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I iii ?I 
0 Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

@ Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. [!] 

Organization Name I Exela Pharma Sciences, LLC 

Mailing Address Information For Applicant: 

Address 1 1245 Blowing Rock Blvd 

Address 2 

City Lenoir State/Province NC 

Count~ I us Postal Code 28645 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 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 0MB control number. 

Attorney Docket Number 066859/509450 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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-applicant identified 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. • 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

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 
more joint inventors, this form must be signed by a patent practitioner, alljoint inventors who are the applicant, or one or 
more joint inventor-applicants who have been given power of 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. 

Signature /bryan I. skelton/ Date (YYYY-MM-DD) 2019-01-15 

First Name Bryan L. I Last Name I Skelton Registration Number 50893 

Additional Signature may be generated within this form by selecting the Add button. 
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Eton Ex. 1002 
112 of 436



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 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 0MB control number. 

Attorney Docket Number 066859/509450 
Application Data Sheet 37 CFR 1. 76 

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 USPTO to 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. Time will vary depending upon the 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 FORMS TO THIS ADDRESS. SEND TO: Commissioner for 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 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 may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

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

The information 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 whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in 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). 

5. 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. 

6. A record in this system of records may be 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)). 

7. A record from this system of records may be disclosed, 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 improvements in records management practices 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 any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance ofa 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 was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. 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 US PTO becomes 
aware of a violation or potential violation of law or regulation. 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 01/31/2018. 0MB 0651-0035 
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 displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16/248,460 

Filing Date January 15, 2019 

First Named Inventor 
John Maloney 

Title STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION 
AND METHODS OF USE 

Art Unit 1615 

Examiner Name Not yet assigned 

Attorney Docket Number 066859/509450 

SIGNATURE of Applicant or Patent Practitioner 

Signature /bryan I. skelton/ Date (Optional) January 24, 2019 

Name Bryan L. Skelton Registration 50893 
Number 

Title (if Applicant is a Patent Practitioner 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) Exela Pharma Sciences, LLC 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one aoolicant, use multiple forms. 

~ *Total of '.] 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 which is to 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 upon the 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 FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Doc Code: PA. 
Document Description: Power of Attorney PT0iAIN826 (07-·!3) 

Approved for use through 01/31/2011.l. 0MB 0651-00:35 
Lts. Patent a11ct Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Papeiwort< Reduction Act of ·!995, no persons are required to respond lo a c,:i!lection of information unless it displays a valid 0MB control number 

I hereby revoke ;:;!I previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

Application Number Filing Date 

---------------------
(Note: The boxes above may be left blank if information ls provided on form PTOiAIA/82A.) 

0 i hereby appoint t!w Patent PracUtloner(s) associated with the following Customer Number as my/our attorney{s) or agent(s), and 
to transact i:!11 business in the United States Patent and Trademark Office connected therewith for the appiication referenced in 
~: attached transmittal letter (form PTO/AIA/82A) or identified above: [ooS26····~~~~- ----------

I 

----------------- J 
• i hereby appoint PracUtioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s}, and to transact 

all business in the United States Patent :and Tradem~irk Office connected therewith for the patent application referenced in the 
attached transmittal letter {-form PTO/AIN82A) ot ldentified above. (Note: Complete form PTO/A!A/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 
OR 

• The address associated with Customer Number; [ 
--------

I OR 

• Firm or 
individual Name 

Ac!dress 

City I State ! ! Zip I 
Country 

Telep!1one I Email I 
! am the Applicant (if the Applicant is a juristic entity, list the Appiicant name in the box): 

jExela Pharma Sciences, LLC 

• Inventor or Joint Inventor (title not required below) 

• Leg;,d Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the lnventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

• Person Who Othen,vise Shows Sufficient Proprietary tnterest (e.g., a petition under 37 CFR t46(b)(2) was granted in the 
aoolication or is concurrenilv beinQ ·filed with this document} (provide si!:iner's tme if aoolicanl is a iuristic entitv) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) ls authorized to act on behalf of the applicant (e.g., where the applicant Is a juristic entity), 

Signature i\\J .. ~~,J\ H' k _.-: .................... I Date (Optional) I 
Name 

.. , 
i.!N >-\t-. ~ r.:· ~ Vi .r::--·f~ t,) ~; fk: ~ ) 

Title ~ (} 'i (~:~ f {} t=~ t\} ·-r· 
NOTE: Signature -This form must be signed by the applicanl 111 accordance with 37 CFR 1,33. See 37 CFR 1.4 for signature requirements 
and certifications. lf more than one applicant, use mulHpfe forms. 

~Total of 1 forms are submitted, 
.. 

'ifl1s collection of 1rrformatmn is required by 37 CFR 1.131, 1.32, and i .33. The informatkm ls required to obtain or reta:n a benet,tby the public which 1s to file (and byihe 
USPTOtoprocess) an application. Confiden!tallty is governed by 35 U.S.C. 122 and .37 CFR 1.11 and 1.14. This co!!ecUon is estirrn,t;,d to take 3 rninut.es to complste. 
includinfJ gathering, preparing, and submiUing the compl11t.-.tl application fom1 to. U1a USPTO. Time wll! var:1 depending upon the individual case, Any comments on the amount 
of time you require to ccmple!e U11s form and/or sugges!;ons for reducing tt1is burden, stwuld be sent to tt1e Chief 1•1forrnation Officer, U.S. Patent and Trademark Office. !J.S. 
Deoartment of Commerce, P.O. Box 1450, Aiexandna, VA 22313,1450. DO NOT SEND FEES OR COMPLETED FORM.S TO THIS ADDRESS, SENO TO: Commissioner 
tor" Patents, P.O, Box 1450, A1exam:lfia, VA 22313·1450, 

if you need assistance in comp!e!ing /he i'orm, call 1-•800-PT0-9199 and select option 2. 

I 

l 
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Electronic Patent Application Fee Transmittal 

Application Number: 16248460 

Filing Date: 

Title of Invention: 
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 
METHODS OF USE 

First Named Inventor/Applicant Name: John Maloney 

Filer: Bryan Lee Skelton/Laura Tremont 

Attorney Docket Number: 066859/509450 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 160 
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Electronic Acknowledgement Receipt 

EFSID: 34949483 

Application Number: 16248460 

International Application Number: 

Confirmation Number: 6641 

Title of Invention: 
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 
METHODS OF USE 

First Named Inventor/Applicant Name: John Maloney 

Customer Number: 826 

Filer: Bryan Lee Skelton/Laura Tremont 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/509450 

Receipt Date: 24-JAN-2019 

Filing Date: 

Time Stamp: 14:58:32 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $160 

RAM confirmation Number 012519INTEFSW00001483160605 

Deposit Account 160605 

Authorized User Laura Tremont 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

21156 

1 Application Data Sheet 
509450_Supplemental_ADS. no 3 

pdf 
94d01 bS 1 fb4208e3661 c87f2dc7762a66bd 

9996d 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

20061 

2 Transmittal Letter 509450_ Transmittal_Letter.pdf no 2 
Sc71 d3da5962c8b 123565402d2a0f42254a 

7bcb3 

Warnings: 

Information: 

1475148 

3 Oath or Declaration filed 509450_Declarations.pdf no 3 
2fbd61 50f24d55993c2334e3dc1 Sc01 54b9 

778bc 

Warnings: 

Information: 

907549 

4 Power of Attorney 509450_POA.pdf no 2 
36bbf67c0b 18cf9c92c3099c473a2a20c70f 

dff4 

Warnings: 

Information: 

30351 

5 Fee Worksheet (SB06) fee-info.pdf no 2 
c3178bcde1 f1 8dbf08e34c64df0f2cfa0b5f4 

29b 

Warnings: 

Information: 

Total Files Size (in bytes) 2454265 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 application is being filed and the application includes the necessary components for a 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 shown on this 
Acknowledgement Receipt will establish the filing 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/903 indicating 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 as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will 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: 

Name Suffix: 

US Residency: 

Non US Residency: 

Active US Military Service: 

City of Residence: 

State or Province of Residence: 

Country of Residence: 

Street of Mailing Address: 

Address 2: 

City of Mailing Address: 

State or Province of mailing address: 

Country of mailing address: 

Page 1 

16/248,460 

January 15, 2019 

N onprovisional 

Utility 

STABLE, HIGHLY PURE L-CYSTEINE 

COMPOSITIONS FOR INJECTION AND METHODS 

OF USE 

066859/509450 

5 

No 

Full Capacity 

John 

Maloney 

Yes 

~ 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: 

Name Suffix: 

US Residency: 

Non US Residency: 

Active US Military Service: 

City of Residence: 

State or Province of Residence: 

Country of Residence: 

Street of Mailing Address: 

Address 2: 

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: 

Name Suffix: 

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 

Yes 

~ Waxhaw 

NC 

us 
c/o Exela Pharma Sciences, LLC 

Supplemental ADS 1 /24/19 
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Address 2: 

City of Mailing Address: 

State or Province of mailing address: 

Country of mailing address: 

Postal or Zip Code of mailing address: 

Submitted by: 

Signature 

Printed Name 

Page 3 

/bryan 1. skelton/ 

Bryan L. Skelton 

1245 Blowing Rock Blvd 

Lenoir 

NC 

us 
28645 

Date 2019-01-24 

Registration Number 50,893 --------

Supplemental ADS 1 /24/19 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant( s): 
U.S. Appl. No. 
Filing Date: 
Art Unit: 
Examiner: 

Exela Pharma Sciences, LLC 
16/248,460 
01/15/2019 
1615 
To be assigned 

Conf. No. 6641 

Title: ST ABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION 
AND METHODS OF USE 

Docket No.: 066859/509450 
Customer No.: 00826 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TRANSMITTAL ACCOMPANYING SUPPLEMENTAL ADS 
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 1. skelton/ 

Bryan L. Skelton 
Registration No. 50,893 

I 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 Tryon Street, Suite 4000 
Charlotte, 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 SYSTEM OF THE UNITED STATES 
PATENT & TRADEMARK OFFICE ON JANUARY 24, 2019. 

2of2 
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PTOiA!A/01 (06-12) 
Approved for use through 11/30/2020. OMS 065'1-0032 

U.$. Patent and Tradaniark Office: U.S. DEPARTMENT OF COMMERCE 
IJnd.er tile Paµe1work Reduction Act of ·1995, no persons .ire required to respond (o a col!6ction of inloimation unless i! displays a valid 0MB t.-ontrol number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF USE 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: • The attached application, or 

Ii] United States application cir PCT international application number 161248.46?. _______ _ 
filed on Janumy ·t 5, 2019 

The above-identified applicaiion was made or authorized to be made. by me. 

I believe that lam the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any wi!iful false statement made ln 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 ls cautioned to avoid submlt!ing personal information in documents filed in a paten! appHcation that rnay 
contribute to identity theft. Personal information such as social secwity 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 appllcation. If this type of persor,al lnformation is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacllng such personal information from the documents before submitting them lo the 
USP TO. Petitioner/applicant ls advised that the record of a paten! application is available to the public after publication of the 
application (unless a non-publication request in compliance with a7 CFR ·t213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be ava!table to the public if the application ls 
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 application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: John Maloney Date (Optional) : _ _,__i _,__/_)_!-"-/,....t.;.-i ____ _ 

Signature: _____ ~""i;-4_.i_:f.._-,_~_t~_·"t_.~:_,,._(~_~{-:"\''-"=:-... '_., __________________________________ _ 
i' ....... ,·· 

Noie: An application data sheet (PT0/88/14 or 0quival0.nl), including naming !he entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/1\lA/01 form for each additional inventor. 

This coUection of infonnaHon 1s reqwred by 35 U. S .C. 115 and 37 CFR 1.63. The mfprmation is required to obtain or retafn a benf:flt by the public which is to fife (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 lake 1 minutB to 
completB, includlng gathering, preparing, amj submitting l.hB completed applicaUon !orn1 to the US PTO. Time will var>• depen<;ling upon t~,e individual case. Any 
comments on the arnounl of lime you raquire to complete this form and/or suggestions forreducing thh, tKiroen. should be sent to (he Chle-f information Officer. U.S. 
Palen! and Trademarl, 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: Commissioner for Patents, P,0, 6ox 1450, Alexandria, VA 22313-1450, 

lf you need assistanc.e in completing the fo1m, call 1-·BOO·PTO•-!H99 and select opflon 2. 
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PTO/AIA/01 (06-12) 
Approved for use through 11/30/2020. 0MB 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 displays a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 
METHODS OF USE 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: • The attached application, or 

Ii] United States application or PCT international application number 161248A60 
filed on January 15, 2019 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false 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 documents filed 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 US PTO, 
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 made in 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 application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to 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 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the 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 FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/01 {06-12) 
Approved for use tt1rough 11{3012020. OMS 065·1··0032 

U.S. Patent. an<i Trademart( Office; U.S. DEPARTMENT OF COMMERCE 
Under lhe Pc)pmwork Reduc!ion Act of 1995, no persons are required to respond to a collecllon of informaUon unless it displays a valid 0MB control mmJhet". 

DECLARATION (37 CFR 1.63} FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1. 76} 

Title of 
Invention 

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF USE 

As the below named inventor, I hereby declare that 

This declaration 
is directed to: 

The attached application, or • 
[I] United States application or PCT international application number 16l248A60 

rnecton January 15, 2019 

The above-identified application was made or authorized to be made by me. 

! believe that I am the original inventor or .,in original joint inventor of a claimed inveniion in the application. 

thereby acknowledge that any willful folse sialement made ln this declaration is punishab!e under 18 U.S.C. ·ioo1 
by fine qr Imprisonment of not more than five {5) years, or both. 

WARNING: 
Pe!Hioner/appiicant is cautioned to avoid submitting personal lnformation in documents filed in a patent application that may 
contribute to identity !heft. 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 
lo 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 person.al information frorn the documents before submitting thern to the 
USPTO. Petitioner/applicant is advised that the record of a patent appl1cation is available to the public after publication of the 
application {unless a non-publication request in compliance with 37 CFR 1.213{a) is made in the application) or isswmce 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 forrns 
PTO-2038 submitted for payment purposes are not retained in the application fiie and therefore are not publicly availabie. 

LEGAL NAME OF INVENTOR 

Inventor: --~-~anesh Koneru ----------- Date (Optional): ________________ _ 
R ~~ ~ (':-~~,, ~~ {: r~ \ 

S, t ... . '; ,} \,tl.._.-:~.} •. , ... i .. ,, ..... ,. .. 1gna ure: +"·'"'/,,.,c, ";«\·•'-,xv•.,.,',..,,~,,.,, ... """'~-""--'---'-·--------·----------------·----------

Note: An application data sheet {PTO/SB/14 or equivalent), including naming lhe entlre inventive en!lty, must accompany thls form or must have 
been previously filed. Use an additional PTOI./.\IA!0i form for eadJ additional hwentor. 

This co!leclion of information is rnquirect by :?,5 U.S.C. ·115 and 37 CFR 1.63. The information is mquirnct to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an appiicatlon. Confidentiality is governed by 35 U S.C .. 122 and 37 CFR ·1. ·11 and 1.14. This co!leuUon Is as\imated to lake 1 minute lo 
complete. including gathering, preparing, and suilmitting 1t1e mmpteted applit~a!ion form to the US PTO. Time will vary depending upon t~re individual case. Any 
cornmen\s ~)n the amount of time you require to complete this form an<i/or suggestioll5 for reducing this burden, shou;<j be senl lo lhe Chief Information Olficser, U.S. 
Paten! and Trademark Office, V.S. Department of Commerce, P.O. Box 145.0, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THlS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231'.M450. 

lfyou f/i,i,d assil,tance in mmpieliag the form; w/1 1-800-PTOsg199 a11d S!J!ecl option 2. 
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APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D 

16/248,460 01/15/2019 1615 

826 
ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

2080 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

066859/509450 22 3 
CONFIRMATION NO. 6641 

FILING RECEIPT 

1111111111111111111111 m~mll!UHHH~ 11111111111111111111111 

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 must include 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. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. 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 processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

John Maloney, Salisbury, NC; 
Aruna Koganti, Lenoir, NC; 
Phanesh Koneru, Waxhaw, NC; 

Exela Pharma Sciences, LLC, Lenoir, NC 

Power of 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 Sheet in 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 be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in 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 number of your priority application, to be used for filing 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 throughout the 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-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate 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 accordance with its 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 made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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 deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
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://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (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 issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations 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 indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen 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 themselves of 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, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing 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 foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, 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 ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations 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://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/248,460 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 100 = 200 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1920 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 
~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L 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 SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 

Eton Ex. 1002 
133 of 436



APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/248,460 01/15/2019 

826 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

John Maloney 066859/509450 
CONFIRMATION NO. 6641 

FORMALITIES LETTER 
ALSTON & BIRD LLP 

1111111111111111111111 ll]~!l]!~l!~IU!IHHU] 11111111111111111111111 BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

Date Mailed: 02/07/2019 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to 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 
obtained by filing a petition accompanied by the extension fee under the 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 clean version (without markings) as 
set forth in 37 CFR 1.125(c) and a statement that 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 or of insufficient clarity. 
Application papers (including any electronically submitted papers) must be presented in a form having 
sufficient clarity and contrast between the background of the paper and the writing thereon to permit the 
Office to electronically reproduce the papers by use of digital imaging and optical character recognition. 
See 37 CFR 1.52(a)(1 )(v). 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
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 must include 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 may alternatively 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/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/sibrahim/ 

Questions about the contents of this notice and the 
requirements it 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. 
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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: 
For: 

January 15, 2019 Group Art Unit: 1615 
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION 
AND METHODS OF 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) 
• Declaration oflnventors 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 cover the filing fee of and 

the surcharge under 37 C.F.R.§ 1.16(±) 
• All fees are being authorized to be charged to Deposit Account No. 16-0605 

when electronically filing 
• English Translation and $130.00 (37 CFR l. l 7(i)) fee for filing late. 
l8J Other: Statement Under 37 CFR l.125(b) and Substitute Specification (Clean and 

mark-up) 
l8J Any deficiency, additional fee, or credit may be charged to our 

Deposit Account No. 16-0605. 

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 

Respectfully submitted, 

/Bryan L. Skelton/ 

Bryan L. Skelton 
Registration No. 50,893 

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT & 
TRADEMARK OFFICE ON MARCH 4, 2019. 
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5 

SUBSTITUTE SPECIFICATION - MARKED Atty. Ref. No. 066859/509450 

STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF 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 periods of time. 

BACKGROUND 

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

IO 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 

15 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 

20 supplementation can be desirable. 

25 

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: 

I 
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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 (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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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, 

15 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 

20 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

25 pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

5 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 

10 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 amino acids selected from the group 

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

15 methionine, tryptophan, alanine, arginine, glycine, praline, 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: 

20 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

25 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, praline, 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 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 

5 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 

10 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 

15 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. 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 

20 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 

25 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 

5 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 

10 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 shows data for the process of Example 4. The plot shows comparison of 

oxygen headspace control between the lyophilizer chamber headspace control method 

15 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 

20 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 

25 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 

5 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 

IO 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 I month to I year 

15 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 

20 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. 

25 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 

5 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 As such, 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 

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

Additional efforts to identify the root cause for the product failure 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 some cases in less than 1-2 months. See Example 3. This finding 

15 was also 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 dangerous in 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 

20 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 

25 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 rece1vmg 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 

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

cases, it 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 

IO 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 because the patient population 

exposed to the drug may be not as vulnerable as in the case ofL-Cysteine, or the dosing of 

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

15 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 

20 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 eliminating heat in the process, and in consideration of 

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

excipients, individually or in combination(s ), resulted in achieving a safe, stable 

composition ofL-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 component of a nutritional 

supplement regimen referred 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, 

5 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). 

10 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, 

15 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 Formula I: 

(I) 

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

precursor for antioxidants, such as glutathione and taurine, 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 

25 as structural proteins in connective tissue. 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. 

Known pharmaceutical compositions that contain L-cysteine can typically contain 

5 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 

10 levels over time. For all 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. 

15 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 

20 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 human error) 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 

25 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 thanl0 ppb, or less than 5 ppb, or less than 1.0 ppb. Thus, 

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

10 

Eton Ex. 1002 
146 of 436



SUBSTITUTE SPECIFICATION - MARKED Atty. Ref. No. 066859/509450 

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

micrograms per kilogram per day (µg/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 

5 micrograms/kg/cl, 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 

10 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-known risk factor for renal 

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

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

15 weakened GI protective 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 

20 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 (measured as a base, i.e., not 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 

25 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. 

11 

Eton Ex. 1002 
147 of 436



SUBSTITUTE SPECIFICATION - MARKED Atty. Ref. No. 066859/509450 

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 

5 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 

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

Commercially available amino acid product labeling for example indicates that 25 

10 mcg/L of Aluminum is contributed from the product itself 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 volume to 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 

15 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 

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

20 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 

µg/kg/day (range 12 - 162 µg/kg/day) of Aluminum coming from various sources. Even 

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

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

highlights the need to systematically reduce the amount of Aluminum in 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 ofL-Cysteine with an eye to 

keep the Aluminum administration to below or at a certain amount is 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 

5 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 I shows a 

streamlined approach to categorize the potential patient population and their proposed daily 

IO doses of L-Cysteine. 

Table 1. Daily Dosage of L-Cysteine 

L-Cysteine 

Protein3 Dosage 

Requirement L-Cysteine Dosage (mg 
Age (g/kg/day)1 (mg cysteine/g AA) cysteine/kg/day) 

Preterm and term infants less than 1 month 3 to 4 15 45 to 60 
of age 

Pediatric patients 1 month to less than 1 2 to 3 15 30 to 45 
year of age 

Pediatric patients 1 year to 11 years of age 1 to 2 15 15 to 30 

Pediatric patients 12 years to 17 years of 0.8 to 1.5 5 4 to 7.5 
age 

Adults: Stable Patients 0.8 to 1 5 4 to 5 

Adults: Critically Ill Patients 1.5 to 2 5 7.5 to 10 
"Protem 1s provided as ammo acids. When mfused mtravenously, ammo acids are metaboltzed and uttltzed as the bmldmg 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 

15 however of how 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/mg of 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 

5 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 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 administered to the patient from the final admixture 

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

10 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 

15 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 bone toxicity. Tissue loading may occur at even 

20 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 Aluminum levels of 5,000 ppb or even the 900 ppb associated with these 

25 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 

L Cysteine Dose at 
(15 mg/g AA) 

Pretefffi a-ad 45to€i0 ~ 1. ig to 1.57 €i.53 to g_70 0.157 to 
tefffi iafa-ats -h74 O:-±G9 
less tha-a l 
ffi0ath 
Pediatrie 30 to 45 0:-8-7--te 0.79 to l.17 4 .35 to €i.5l 0.1 to 0.157 
patients l -1-,M 

month to less 
tha-a l yr 
Pediatrie 15 to 30 044-te 0.40 to 0.79 l.rn to 4.35 0.053 to 0. l 
patients l yr 0:-8-1 

4 to 7.5 o.rn to 0.ll to 0.l0 0_5g to l.09 0.0ll to 
0:-±±- 0:-0±-6 

Adttlts: Stable ~ ~ 0.llto0.14 0_5g to 0.73 0.0ll to 
Patients 0:-U 0:-0±-& 
Adttlts: -7-te--l-O 0.3± to 0.lto 0_;!g l.0l to l.4€i 0.03g to 
Gritieally ill 0:-46 ~ 

patients 

Age L-Cysteine Dose at Aluminum Aluminum Aluminum 
(15 mg/ g AA} Contribution Contribution Contribution 

from 900 1mb from 5 000 from 120 1mb 
oroduct nnb oroduct oroduct 

mQ:/lrn:/ dav mL/kQ:/ dav mcQ:/kQ:/dav mcQ:/kQ:/ dav mcQ:/kQ:/ dav 

Preterm and 45 to 60 1.31 to l.18to 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 0.79to 1.17 4.35 to 6.52 0.1 to 0.157 
12atients 1 1.31 
month to less 
than 1 vr 
Pediatric 15 to 30 0.44 to 0.40 to 0.79 2.18 to 4.35 0.053 to 0.1 
12atients 1 yr 0.87 
to 11 vrs 
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Pediatric 4 to 7.5 0.18 to 0.11 to 0.20 0.58 to 1.09 0.022 to 
12atients 12 yrs 0.22 0.026 
tol7vrs 
Adults: Stable 4 to 5 0.18to 0.11 to 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 
oatients 

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 

Preterm and 
term infants less 
than 1 month 

Pediatfie 

Pediatfie 

Adttlts: Stable 
Patients 
Adttlts: 
Critieally ill 

Age 

Preterm and 
term infants less 
than 1 month 
Pediatric 
12atients 1 month 
to less than 1 vr 
Pediatric 
12atients 1 yr to 
11 vrs 

L C)rsteine Dose at 
(40 mg/g AA) 

Aluffiioom 
Contribtttion 
from 5,000 ppb 

120 to 160 ~3-.4-8----<t-o 3.13 to 4.17 17.39 to 23.19 0.42 to 0.56 
4-64 

80 to 120 ..... 2 ...... J ..... 2----<t-o 2.09 to 3 .13 11.59 to 17.39 0.28 to 0.42 
~ 

40 to go 1.16 to 1.05 to 2.09 5.79to 11.59 0.14 to 0.28 
~ 

10.66 to 0.31 to 0.28 to 0.53 1.56 to 2.94 0.04 to 0.07 
2-G ~ 

10.66 to 0.31 to 0.28 to 0.35 1.56 to 1.94 0.04 to 0.047 
~ ~ 

18.7 to 0.54 to 0.49 to 0.70 2.72to 3.89 0.065 to 0.09 
±6-;/- -0-;I-+ 

L-Cysteine Dose at Aluminum Aluminum Aluminum 
(40 mg/ g AA} Contribution Contribution Contribution 

from 900 from 5,000 1mb from 120 1mb 
nnb oroduct oroduct oroduct 

mQ:/lrn:/ dav mL/kQ:/dav mcQ:/kQ:/ dav mcQ:/kQ:/dav mcQ:/kQ:/ dav 
120to 160 3.48 to 3.13to4.17 17.39 to 23.19 0.42 to 0.56 

4.64 

80 to 120 2.32 to 2.09to 3.13 11.59 to 17.39 0.28 to 0.42 
3.48 

40 to 80 1.16 to 1.05 to 2.09 5.79 to 11.59 0.14 to 0.28 
2.32 
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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 
12atients 12 yrs 20 0.58 
tol7vrs 
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 
oatients 

If the preterm infants are given the high dose ofL-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 

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

0.12 mcg 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 

10 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). 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 

15 are likely to be deemed unsafe 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 ppb as illustrations, 

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. 

20 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 

I ..... : 
IL~~~ 1,-1,-- I, __ I"_ I Dose at Coatribl¼tioa CoRtribl¼tioa CoRtribl¼tioa CoRtribl¼tioa 

.. · .. • .. · .. ' ';; ...... · .. · .. · .. ·.· .. :: :: ; .. ·.· .. ·.· .... ·.· .. ·.· .. ::.:: ; .. ·.· .. · ... ·.· .. ·.:=1::; ...... · .. · .. · .. ·.· .. ·.:=•:u; .......... . ingAkg#iay &/:day·· · &/day•·· &may ·· 1:neg,!kgfday 
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PreteFm: 43:t:e 6Q Q.Ql6 te Q.Q6§ te Q.l§+te G.19§ te 
aaa teffil: ~ ~ ~ ~ 

iafaats less 
than-+ 
ffi0H:ta 
Peaiatf:ie ;3Q te 4§ G.Gl+te Q.Q4;3 te Q.l te G. l§'.7 ~ 
patients l 0:-0±-6 ~ O:-l-93-
meath te 
less thaa l 
Vf 
Peaiatf:ie l§ te ;3Q Q_QQ9 te G.Qll te Q_Q§;3 te Q.966 te 
patients l Ml-+ 0:-044 0:--l-l- ~ 

-- +~ 1 1 • ---
_.._ 11,,'-' .L.L •u 

Peaiatf:ie 4 te +.§ O:-OG4 Q_QQ9 te G.Qll te Q.Ql+ te 
patients l l 0:--0+ 0:-0±-6 ~ 

yrs te l+ 
VfS 

Aattlts: ~ O:-OG4 Q_QQ9 te G.Qll te Q,Ql+ te 
Stahle 0:--l± 0:-0±-& ~ 

Patients 
Aattlts: +te--l-0 Q_QQ6 te Q.Ql6 te Q_Q;38 te Q.948 te 
Gritieally 0:-0@. ~ ~ 0:-069-
:11 ... •u 

Age L-Cysteine Aluminum Aluminum Aluminum Aluminum 
Dose at Contribution Contribution Contribution Contribution 
15mg/gAA from 20 1mb from 50 1mb from 1201mb from 1501mb 

product product product 
mg/kg/day mcg/kg/day mcg/kg/day mcg/kg/day mcg/kg/day 

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 
12atients 1 0.026 0.065 0.195 
month to 
less than 1 
vr 
Pediatric 15 to 30 0.009 to 0.022 to 0.053 to 0.066 to 
12atients 1 0.017 0.044 0.11 0.125 
vrto 11 vrs 
Pediatric 4 to 7.5 0.004 0.009 to 0.022 to 0.027 to 
12atients 12 0.01 0.026 0.033 
yrstol7 
vrs 
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Adults: 4 to 5 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 12atients 

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

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

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

5 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 ofL-Cysteine 

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

mcg/kg/day of Aluminum. 

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

mg/mL ofL-Cysteine to deliver 4 to 7.5 mg/kg/day ofL-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 

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

to deliver 7 to 10 mg/kg/day ofL-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-

20 Cysteine composition that delivers 45 to 60 mg/kg/day ofL-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 ofL-Cysteine and from about 0.01 

25 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 
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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 mcg/kg/day of Aluminum, admixed with a parenteral nutrition composition. 

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

5 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 

10 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 ofL-Cysteine and from about 0.004 

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

15 Further, taking 20 ppb, 50 ppb, 120 ppb, and 150 ppb as illustrations, 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 

20 Aluminum 

Preterm 
aH:d term 
infaH:ts less 
than-+ 
menth 
Pedia-trie 
patients 1 
month to 
less thaH: 1 

L C)rsteine 
Dose at 40 
mg/gAA 

120 te 160 0.07 te 0.09 0.175 to 
~ 

go to 120 0.047 to 
0:-m 

0.117to 
~ 

20 

Alumioom 
Contribtttioa 
from 150 ppb 

0.28 to 0.42 ~ 
~ 
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Peaiatf:ie 4Q te gg G.Ql;3 te Q_Q§8 te Q.l4 te G.l8 G. l'.7§ te 
13atieets l ~ ~ ~ 

+~ 11 • 
..I. 11,,'-" _.__._ •u 

Peaiatf:ie lG.66 te Q_QQ+te G.Gl+te Q.Q4 te G.Q'.7 ~ 
13atieets l l ±G MR 0:-0±-9- 0:-088-
yrs te l+ 
yrs 
Aattlts: lG.66 te Q_QQ+te G.Gl+te 0:-04-te ~ 
~ ~ ~ ~ ~ ~ 

Patieets 
Aattlts: -l-&:-+te Q.Qll te G.Gl+te Q.Q6§ te Q.Q8l te 
Gritieally ~ MB ~ 0:-@ o,+.g 

ill 13atieets 

Age L-Cysteine Aluminum Aluminum Aluminum Aluminum 
Dose at 40 Contribution Contribution Contribution Contribution 
mg.Lg AA from 20 1mb from 50 1mb from 1201mb from 1501mb 

product product product 
mg/kg/dav mcg/lrn/dav mcg/lrn/dav mcg/lrn/dav mcg/lrn/dav 

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 1 
month 
Pediatric 80 to 120 0.047 to 0.117to 0.28 to 0.42 0.35 to 
12atients 1 0.07 0.175 0.525 
month to 
less than 1 

YI 
Pediatric 40 to 80 0.023 to 0.058 to 0.14 to 0.28 0.175 to 
12atients 1 0.047 0.117 0.35 
vrto 11 vrs 
Pediatric 10.66 to 0.007 to 0.017 to 0.04 to 0.07 0.05 to 
12atients 12 20 0.012 0.029 0.088 
yrstol7 
vrs 
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 oatients 

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

mg/mL ofL-Cysteine to deliver 120 to 160 mg/kg/day ofL-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 ofL-Cysteine to deliver 80 to 120 mg/kg/day ofL­

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 ofL-Cysteine 

5 to deliver 40 to 80 mg/kg/day ofL-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 

10 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 ofL-Cysteine 

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

mcg/kg/day of Aluminum. 

15 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 

20 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-

25 Cysteine composition that delivers 40 to 80 mg/kg/day ofL-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 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 

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

5 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 ofL-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 

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

Aluminum toxicity. 

I. Definitions 

As used 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 

15 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 

20 months or three to 24 months. 

25 

As used herein, the term "dissolved oxygen" refers to oxygen that is found in the 

aqueous carrier 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 volume of 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. 
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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 

5 symptoms of the disease or condition that would be expected had the combination not been 

administered. 

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 

10 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 

15 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 of skill in the art would have 

experience with such administrations. 

20 As used 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 

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

malnutrition. It is understood that various biological factors may affect 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 some instances 

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 

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

personnel using evaluations known in the art, it is recognized that individual variation 

and response to treatments may make the achievement of 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. 

10 As used herein, the term "substantially" refers to the 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, 

15 "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 

20 component, or so nearly completely lack the component that 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 may still 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, 

25 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 

purposes of this disclosure, beneficial or desired clinical results include, but are not limited 

30 to, alleviation of symptoms, diminishment of extent of the condition, stabilized (i.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 

5 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 disorder is 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 

10 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 

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

20 

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 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 

25 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 administer its 

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 

5 regulatory determination of the compositions and methods as 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, 

10 anions, and particulates. 

Additional definitions are provided herein where appropriate. 

11. Compositions 

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

cysteine composition for parenteral administration, comprising: 

15 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

20 pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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; 

25 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. 
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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/mL to about 100 mg/mL; 

5 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

10 a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

15 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 

20 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 

25 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 are at 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 are at 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 

5 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

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 Aluminum are at a ratio of about 

10 230,000: 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 (i.e., about 

170,000 units ofL-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 ofL-Cysteine to 

1 unit of Aluminum). 

15 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 (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 from about 4 million: 1 

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

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

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

units of L-Cysteine to 1 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 ofL-Cysteine 

25 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 are at a ratio of 

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

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 from about 230,000: 1 (i.e., 

30 about 230,000 units of L-Cysteine to 1 unit of Aluminum) to about 170,000: 1 (i.e., about 
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170,000 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 170,000: 1 (i.e., about 170,000 units of 

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

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

5 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: 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 ofL-Cysteine to 1 nanogram of Aluminum). 

10 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 

15 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, 

20 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 

25 100 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 of 3 

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

30 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 O .10 ppm to about 4. 0 ppm, or from about O .10 

5 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 I month from time zero. 

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

provide similar dissolved oxygen levels. 

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 some cases, the dissolved oxygen content in the carrier can be 

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

In some additional 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 

20 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 

25 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 as set forth in Example 4. 
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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 

5 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. 

10 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 

15 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 

amount of the 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 

20 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 mgto about400 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 

25 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 of total 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 

5 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. In still 

other examples, the container can have a volume of 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, 

10 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. 

15 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 

20 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 

25 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 known in 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 

5 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 

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

the coating is presumed to 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 

15 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 

20 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 

25 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 combinations thereof. 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 Pharma and is called VI 0-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 

5 application of UV 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 

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 product but also for their minimal 

IO 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 I ppb to about 90 ppb, from about I ppb to about 80 

ppb, from about I ppb to about 70 ppb, from about I ppb to about 60 ppb, from about I 

15 ppb to about 50 ppb, from about I ppb to about 40 ppb, from about I ppb to about 30 ppb, 

from about I ppb to about 25 ppb, from about I ppb to about 20 ppb, from about I ppb to 

about 15 ppb, from about I ppb to about 10 ppb, from about I 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 

20 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 I 

25 ppb to about 60 ppb, from about I ppb to about 50 ppb, from about I ppb to about 40 ppb, 

from about I ppb to about 30 ppb, from about I ppb to about 25 ppb, from about I ppb to 

about 20 ppb, from about I ppb to about 15 ppb, from about I ppb to about IO ppb, from 

about I 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 

30 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 

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. 

10 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 

15 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 

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

present in the composition in an amount not more than 2.0 wt¾ 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 wt¾ relative to L-cysteine 

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

25 cystine is present in the composition in an amount not more than 0.5 wt¾ 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 wt¾ 

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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wt¾ 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 wt¾ 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 

5 more than 0.1 wt¾ relative to L-cysteine after storage at ambient temperature for a period 

of 6 months. 

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

composition, but in an amount not more than 2.0 wt¾ relative to L-cysteine after storage 

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

10 present in the L-cysteine composition, but in an amount not more than 2.0 wt¾ 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 wt¾ to about 2.0 wt¾ relative to the amount of L-cysteine present in the 

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

15 in an amount from about 0.005 wt¾ to about 0.5 wt¾ relative to the amount ofL-cysteine 

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

composition in an amount from about 0.05 wt¾ to about 1.0 wt¾ relative to the amount of 

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

but in an amount that is either not detectable or that is below a limit of quantitation using 

20 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. 

When present, 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 

25 amount not more than 2.0 wt¾ 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 wt¾ 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 wt¾ relative to L-cysteine after storage at 

30 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 wt¾ 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 wt¾ relative to L­

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

5 embodiments, pyruvic acid is present in the composition in an amount not more than 0.2 

wt¾ 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 wt¾ 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 

10 composition, but in an amount not more than 2.0 wt¾ 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 wt¾ 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 

15 about 0.001 wt¾ to about 2.0 wt¾ 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 wt¾ to about 0.5 wt¾ 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 wt¾ to about 1.0 wt¾ 

20 relative to the amount of L-cysteine present in the composition. In some embodiments, 

pyruvic acid can be present, but in an amount that 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 

25 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 

5 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 

10 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 

15 20 ppm and Fluoride concentrations of less than 30 ppm 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. 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 

20 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 anions and the results are provided in 

25 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-MS technique. 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 

5 allowable limit for some elements are relatively high, whereas for other elements they are 

relatively very low. For example, Molybdynum has the 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. 

10 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 

15 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. 

20 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 

25 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, 
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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 

5 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 O .1 ppb to about 15 ppb; in some embodiments, from about O .1 

10 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 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 Arsenic, Mercury, Lead and other elements may be 

extracted from the container or from the stopper. In one specific embodiment, the extracted 

15 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 stopper is 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 

20 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 

25 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/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 of clarity and the ease of discussion 

5 and measurement, these values are taken for the L-Cysteine composition at the time of its 

manufacture ("tine zero" data point), or during and up to I month from time zero. 

Additional time points beyond the I-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 

IO space oxygen levels within a sealed container of L-Cysteine compositions described herein 

may reach an equilibrium at some time point during its 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 

15 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 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 may fall within that range at some other 

time point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges, 

20 subranges, and specific data points disclosed and discussed herein are valid and suitable 

for time points beyond the time zero and I-month time points. In one aspect, the time points 

could be extended to 2-months, 3-months, 6-months, 9-months, 12-months, IS-months, 18-

months, and 24 months. 

In some aspects, the total amount of oxygen in the sealed container may be an 

25 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 amount of dissolved oxygen in the carrier and the amount of 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 

30 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/v to 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 may be controlled by vacuum operation without using an inert gas. In 

5 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 may start first with vacuum operation followed by inert gas overlay followed by 

vacuum operation. The combination of vacuum operation and inert gas overlay ( or inert 

10 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 seconds or from five to fifteen seconds when conducted by 

automated high-speed equipment custom designed for this specific purpose. In some 

15 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 inventors is 

20 described in Example 5. 

25 

In certain embodiments, the compositions are part of a total parenteral nutrition 

regimen. The L-cysteine compositions described herein can be admixed with amino acid 

solutions, such as crystalline amino acid injection, for example, commercially available 

TRA V ASOL ® and TRA V ASOL E®. 

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 amino acids selected from the group 
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consisting of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, 

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

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

TPN composition for infusion, comprising: 

5 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 amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

10 one or more amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

arginine, glycine, praline, serine, and tyrosine; 

a pharmaceutically acceptable carrier, comprising water, 

wherein, the amounts are from about 100 mL to about 1,000 mL and the total 

15 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 

20 amino acids selected from the group consisting of leucine, isoleucine, lysine, valine, 

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine, 

praline, serine, and tyrosine. In certain embodiments, the composition includes all of these. 

In certain embodiments, 500 mg of L-Cysteine is admixed with 12.5 gram of crystalline 

amino acid injection, such as that present in 250 mL of 5% crystalline amino acid injection. 

25 In some aspects, 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-Cysteine per gram of amino acids. See, for example, Tables 1-2 

30 above. Thus, the pharmaceutical compositions comprising L-Cysteine can be formulated, 
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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. 

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 may still be 

present. 

In certain embodiments, the compositions that comprise one or more of the above 

IO 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 

15 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 

20 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. 

25 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; 
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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, and is stable for 9 months or less. 

In certain embodiments, the stable, safe L-cysteine composition can consist 

5 essentially of L-cysteine, water, Aluminum in an amount of less than 200 ppb, cystine in 

an amount from about 0.001 wt¾ to about 2 wt¾ relative to L-cysteine, pyruvic acid in an 

amount from about 0.001 wt¾ to about 2 wt¾ to L-cysteine, headspace oxygen that is 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 

10 composition unless otherwise indicated, for example, undesirable anions and heavy metals. 

The pharmaceutical composition (or formulation) for application may be packaged 

m 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 

15 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, 

20 the label may indicate that the Aluminum in the container may be at 120 ppb or 120 mcg/L. 

25 

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 pharmaceutical arts, 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 ppb is 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 
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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 

5 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 

10 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 

15 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 

20 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 of art 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 

25 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 

understood in 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) 16th 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 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 

10 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. 

15 

However, dilution and administration of the L-cysteine composition for infusion will 

typically be overseen by a licensed medical professional, who may recommend a tonicity 

outside of the ranges recited herein under certain circumstances. 

III. 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 

intravenous fluid to prepare a diluted L-cysteine composition for infusion. The methods 

20 can further include parenterally administering the diluted L-cysteine composition to 

provide a therapeutically effective dose ofL-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 

25 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

5 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, praline, serine, and tyrosine; and 

a pharmaceutically acceptable carrier, comprising water, 

to form a composition for infusion of about 100 mL to about 1000 mL, 

10 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, 

compnsmg: 

15 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 

20 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: 

25 administering to a subject a composition compnsmg 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 wt¾ to about 2.0 wt¾ relative to L-cysteine; 
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pyruvic acid in an amount from about 0.01 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

one or more amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

5 arginine, glycine, praline, 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 1s reduced compared to 

administration of a standard parenteral composition comprising L-cysteine and Aluminum 

10 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 can be up to 90%, up to 80%, up to 70%, up to 60%, up to 

15 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 

20 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 

25 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 

intravenous fluid 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 

5 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 therapy is not 

possible; other disease states or conditions in which oral or enteral feeding are not an 

10 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, 

15 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 

20 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 ofL-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. 

25 In certain embodiments, the intravenous fluid 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 infusion is 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. 

5 The diluted L-cysteine composition for infusion can be administered until a 

therapeutically effective dose is achieved. In some examples, a therapeutically effective 

dose ofL-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, 

10 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 

15 mcg/kg/day. For adults, i.e., stable patients, the therapeutically effective dose is 4 to 5 

mcg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10 

mcg/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 

20 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 µg/kg/d of 

Aluminum. In still further examples, the therapeutically effective dosing regimen can 

25 provide less than or equal to 4 µg/kg/d of Aluminum, or less than or equal to 3 µg/kg/d of 

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum 

from the composition of from about 2 µg/kg/d to not more than 5 µg/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 

5 bronchitis, chronic obstructive pulmonary disease (COPD), influenza, acute respiratory 

distress syndrome (ARDS), diabetes (e.g. type 2 diabetes), the like, or a combination 

thereof. 

10 

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 ofNMT 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 ofNMT 30°C; 

Contacting under the Argon the WFI with L-Cysteine Hydrochloride, 

15 Monohydrate, USP (L-Cysteine) for NL T about 15 mins; 

20 

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 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 follcnving 

25 specific ernbodirnents: 

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; 
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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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

5 pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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; 

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

15 

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 1 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 

20 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 Aluminum is present in 

an amount from about 1.0 ppb to about 160 ppb. 

25 7. The composition of embodiment 1, 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 

30 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 

5 ppb to about 10 ppb. 

12. The composition of embodiment 1, 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 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 

10 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 

15 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. 

20 17. The composition of embodiment 1, 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 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 amount from about 0.10 ppm to about 

2.0 ppm. 

25 19. The composition of embodiment 1, 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 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 or less. 

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. 

5 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, 

10 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 container is an internally coated glass container. 

15 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 SiO2. 

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. 

20 28. 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 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, 

25 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 months or 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 

30 the L-cysteine, and from aboutl. 0 ppb to about 20 ppb of Aluminum from the water. 
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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 months or less, said Aluminum comprising, from about 0 ppb to about 100 

5 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 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 

10 composition in an amount not more than 200 ppb after storage at ambient temperature for 

a period of 9 months or 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. 

15 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 months or 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 

20 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 wt¾ relative to L-cysteine after storage at ambient 

25 temperature for a period of 9 months or less. 

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 wt¾ relative to L-cysteine after storage at ambient 

temperature for a period of 9 months or less. 
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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 wt¾ relative to L-cysteine after storage at ambient 

temperature for a period of 9 months or less. 

5 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 wt¾ 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, 

10 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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 

15 composition in an amount not more than 1 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

39. 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 0.5 wt¾ relative to L-cysteine after storage at 

20 ambient temperature for a period of 9 months or less. 

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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

25 41. 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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

42. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

30 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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 

5 oxygen in an amount of less than 1.0%. 

44. 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 amount of 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, 

10 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace 

oxygen in an amount of 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 amount of less than 0.6%. 

15 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 amount of 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 

20 oxygen in an amount of 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 about 2.0. 

50. A stable composition from about 100 mL to about 1000 mL for administration via 

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

of a composition ofL-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 ofL-Cysteine comprising one or more amino acids selected from the group consisting 
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of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine, 

tryptophan, alanine, arginine, glycine, praline, 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. 

5 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 

10 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 

compnsmg a sugar. 

56. The stable composition for injection of embodiment 50, 51, 52, 53, 54 or 55, 

wherein the sugar is dextrose. 

15 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 

20 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%. 

25 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 wt¾ to about 2.0 wt¾ relative to L-

30 cysteine; and 
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pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ 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, 

5 methionine, tryptophan, alanine, arginine, glycine, praline, 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. 

10 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 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 

15 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 

20 composition results in a daily dosage of Aluminum from about 1 mcg/kg/day to about 4 

mcg/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 intravenous fluid is a member 

selected from the group consisting of: isotonic saline, glucose solution, glucose saline, 

25 dextrose solution, crystalline amino acid solution, and combinations thereof. 

64. The method of embodiment 61, 62 or 63, wherein administering is performed via 

intravenous infusion. 

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 

30 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 

5 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 

10 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 months or less. 

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 

15 regimen. 

20 

72. A method of preparing the composition of any above embodiment, comprising 

stirring Water for Injection, USP (WFI) in a vessel at a temperature ofNMT 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 ofNMT 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 

25 N Sodium Hydroxide, NF; 

Mixing for a minimum of about 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. 

\Vith this in mind, the following examples are intended to illustrate, but not limit, 

various aspects of the compositions and methods described herein. 

Examples 

Example 1 

Compounding L-Cysteine Hydrochloride Injection, USP, 50 mg/mL, 10 mL Vial 

10 Compounding was initiated with the addition of 40 ± 1. 0 kg of Water for Injection, 

USP (WFI) was added 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 

15 the mixing bag was allowed to cool to a temperature ofNMT 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 NL T 15 minutes or until complete dissolution was observed. 

The dissolved oxygen content was measured and recorded prior to the addition of L-

20 Cysteine, immediately following the addition of L-Cysteine, and following the NL T 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 

continues until the dissolved oxygen was NMT 1 ppm. 

With continuous mixing and Argon overlaying, the solution's pH was adjusted to a 

25 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 
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minutes, and then the pH was verified and adjusted as needed with the Hydrochloric 

Acid, NF and/orN 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 

5 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 was fully inflated with 

Argon and capped, and the solution was transferred from the mixing bag to the solution 

holding bag. 

10 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 

15 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. 

20 Table 6. Aluminum Levels 

6 Months 
Lot# Release 25°C/60% RH 40°C/75% RH 

XMHH1609 212 ppb 569 ppb 1.306 ppb 

XMHH1610 199 ppb 748 ppb 1,374 ppb 

XMHH1611 230 ppb 726 ppb 1,044 ppb 

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 of cyclic 

olefin copolymer (COC). The product was put on stability and was monitored for 

5 impurities, particulates, and Aluminum. The product was not stable beyond 1 month at 

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* 

XMHG 1700/ 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 

10 However, the product showed acceptable aluminum content. The data for aluminum levels 

are shown below. 

Table 8. Aluminum Levels 

Time Point Lot XMHG 1700 Lot XMHG 1701 Lot XMHG 1702 

Time Zero lJmh ~ lJmh 

Aluminum at additional time points was not measured because the product was abandoned 

15 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 

5 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, OP4 l 59, for Head Space reduction. 

In addition, empty vials were also placed into the lyo for Head Space reduction as part of 

the study. 

10 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 

15 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 

20 critical process parameters on its predetermined critical quality attribute. 

Table 9: Sampling and Testing Methodology 

Operation 
Sample Testing Acceptance 

Location/Quantity Requirements Criteria 
The bulk solution was mixed under 
Argon overlaying. Measure and record 
final solution weight, solution 

Dissolved 
Compounding 

temperature, solution pH, and dissolved Dissolved 
Oxygen< 1 

oxygen. Oxygen 
ppm 

Measure and record the final dissolved 
oxygen. 
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For Load A [Trays 1 - 4, 17 - 20] use 
forceps to remove four ( 4) filled vials 

Dissolved 
Filling 

from each tray as it is filled Fully seat Dissolved 
Oxygen 

the stoppers of the removed filled vials Oxygen 
=Report Value 

immediately after removal and then 
label vials appropriately 
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 
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 Value 
appropriate 

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 seat 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 
Oxygen 

Oxygen 
the Lyo, fully seat the stoppers of the =Report Value 
vials, and label appropriately 

Following headspace reduction and 
immediately prior to loading each tray Dissolved 
into the RAB for capping, use forceps to Dissolved Oxygen 
remove four ( 4) filled vials from each Oxygen =Report Value 
tray. Place a mark on each of the 

Capping 
removed vials for identification 
purposes and place the marked vials 
back into the tray. Load the tray into the Head Space Head Space Gas 

RAB for capping. Following the Gas Analysis Analysis 

capping of each tray, remove the 
=Report Value 

marked vials from the tray and label 
appropriately. 
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Dissolved 

Following headspace reduction and 
Dissolved Oxygen 

Capping capping, remove the eighteen (18) vials 
Oxygen =Report Value 

Fill Hold marked "Fill Hold" from Tray 21 for 
Head Space 

Head Space Gas 
testing. 

Gas Analysis 
Analysis 

=Report Value 

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 (%); 

5 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 

10 increase of 6.65 ppm from the average of 5.12 ppm measured live time after 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 measured after filling using the liquid calibration. Starting 

Tray 21 of the Post Filling - Pre HSR step, the calibration was corrected to a liquid 

15 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. 

Tnty Nttml:!eF 
Pest Filling PFe HSR 
~ 

Pest Filling Daring 
Leading ef Lye (j!pm) 

Pest HSR Capping Filled 
Vials (ppm) 

4 -l-±.-44-l- ~ 0-499-

fl ~ ~ MBt 
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-18 ~ ~ Q.,'.7Q.'.7 

W- ~ -9:-+±9 M% 

~ ~ ~ M44 

u .:µm. -9:-&44 M4-l 

JS ¼Q4 ~ ~ 

&;ijr,igi ~;~~t ~;P,~~ ~~!:~~ ❖ 
8+D +m 9,J-9. 9,.-l-l rn~~" ~~;t ~ ~1~~ ❖ 

Tray Number 
Post Fillini:; -Pre HSR Post Fillini:; - Durini:; Post HSR -Cam!ini:; - Filled 

lllli!.!ll Loadini:; of Lyo (1mm) Vials (1mm) 

1 11. 932 10.179 0.480 

.2 11.228 9.925 0.470 

l 11.486 10.577 0.508 

1 12.441 10.370 0.409 

17 6.808 9.893 0.525 

18 6.628 9.859 0.707 

19 5.860 9.854 0.486 

20 6.343 9.720 0.495 

21 5.641 10.329 0.735 

22 5.374 10.308 0.546 

23 5.190 10.149 0.481 

24 7.073 9.844 0.541 

37 4.328 9.544 0.403 

38 3.604 9.251 0.378 

39 4.559 9.265 0.390 

40 5.173 9.577 0.369 

Averai:;e 5.117 9.915 0.495 
STD 1.03 0.39 0.11 

¾RSD 20.1 3.9 21.3 

Table 11. Filled Vials Head Space Oxygen. 

TFity Nttml:!eF 
Pest HSR Cappiag Filled Vials 

(% Oxygea) 
Pest Cappiag Empty Vials 

(% Oxygea) 

~ H-9-9- -l:--l-l-6 

i ~ ~ r 
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4 ~ 

1-8 ~ 

;w ~ 

~ ~ 

;w. H4& 

.JS 0-:&-1-l-

40 ~ 

S+D ~ ~ 

11m R gr 

TraI Number 
Post HSR -Cam!ini:; - Filled Vials Post Cam!ini:; - EmutI Vials 

(% Oxrgen) (¾Oxrgen) 

1 1.147 0.981 

l 1.399 1.116 

3 1.551 0.980 

.1. 0.950 1.139 

17 1.382 1.156 

18 1.766 1.236 

19 1.154 1.224 

20 1.265 1.180 

21 1.844 1.221 

22 1.365 1.169 

23 0.890 1.295 

24 1.148 1.114 

37 0.880 1.300 

38 0.871 1.151 

39 0.850 1.097 

40 0.889 1.042 

Average 1.209 1.150 

STD 0.32 0.10 

¾RSD 26.7 8.3 

Table 12. Held vials dissolved oxygen (ppm) and head space oxygen content(%). 
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.Ho:il.d Vials:- , D-~=,lre.il llit1!:~ Dis~·ed _?'--a;~en Head Sp-_a~e-~rg,en % 
·······.h···•,1 •,·.r·····,•~1 ......... tM.§i .. iiim;. .. ;:it!GMq.d ....... .F.mffi!l: .. M\\ii;;.w.,, ........... 1/m.H§.ijl .. q;:aqg.;; ...... . 

·························•:Sid§td!l!.·«=································································•·i, ,e:;f, .·.·········································································•,/:J~·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· .•. ,J:!I!!,.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.-.-.. 

............ ii"',_~,J ................................................................................... ,MJ7 ......................................... i.tol .. 

································ ~l\9 ············································································-t,Ll ··················································································llaH. ····················································································..;,M.·.·· 

Held Vials- Dissolved Oxygen Post Dissolved Oxygen Post Head Suace Oxygen % Post 
TraI 1 / TraI Filling - Loading of LIO HSR- Cauuing- Filled HSR- Cauuing - Filled Vials 

21 il!l!!!ll Vials (Irnm} till. 

Samule 1 10.685 0.578 1.563 

Samule 2 10.467 0.588 1.390 

Samule 3 - 0.565 1.522 

Samule 4 - 0.550 1.447 

Averai:;e 10.576 0.570 1.481 

STD 0.15 0.02 0.08 

¾RSD 1.5 2.9 5.2 

Table 13. Comparison of Post Head Space Dissolved Oxygen (ppm) and Head Space 

Oxygen Content (% ) . 

................................................. . 'Pr'iiitsR't:Piiili'i .......... ·'PuiH!'SK:'.{_i,ipmJ ...................................... ll't:iitsR\Wf ········. 

~1-1111111111111111111111111111111•1111111111 
fR 91 ·~·~· &tsffr . ·.·.·.·.·.·.:-r;ii¥.{Y~4.:;;:~~~:k·.·.· .. . ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.•.t>,H_!!t .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·"'- .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.'1-:ttll .. •. 

~\\\\.,llll\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1 
.... ?tifuWV:;~\!fr ...................... ::~.* ............................... j~f ........................................................... , ~~ ... . 

........ ls.sc.lffliff>!llt1'!lll: ............................ . ................................. l!Uiili .......................................................... t~ .. . 

Dissolved Oxnen Dissolved Oxnen Head Suace Oxnen % 
Pre HSR (Irnm} Post HSR- (Irnm} Post HSR (%} 

PROT-000055 StudI - - 1.150 
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Emuty Vials Avg. 

PROT-000055 Study 
9.915 0.495 1.209 

Filled Vials Avg. 

2018-RD-022 Study 
0.49 - -

Emuty Vials Avg. - -

2018-RD-022 Study 
7.14 2.55 1.27 

Filled Vials A vi:;. 

Lot XMHJl 705 - 0.637 2.28 

Lot XMHJl 706 - 0.391 1.92 

Lot XMHJl 707 - 1.585 1.94 

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 

5 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 

10 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 was observed prior to 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 

15 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 both filled 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 

20 average % 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 

5 increase in dissolved oxygen level from 0.36 ppm recorded during compounding, to 5.64 

ppm measured after 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 % for the filled regular vials. This indicated that the HSR cycle 

10 was effective in achieving comparable DO and Headspace oxygen results 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 ofL-Cysteine Hydrochloride Injection, USP (50 mg/mL) has been 

shown to be effective for the control of reduced and consistent oxygen levels, and is 

15 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 usmg an automated filling 

equipment that can handle high speed filling, in contrast to slow or low volume operation 

20 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. Each pulse is 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 of the filler such 

25 that no product is 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 number of fill heads 

used. 
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A 50 L batch was prepared utilizing the current compounding procedure described 

above in Example 1. The filler was set up to fill and reduce head space oxygen as per the 

process shown in 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 I-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% for all vials filled, including empty vials 

10 during start up. Vials tested after I-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 I-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-speed filler than the lyophilizer process. 

Table 14. Headspace Oxygen Levels at Time Zero for High-Speed Filler 

PRO:r ggg;n~ :riR1e ~er:e 

:J:Fay 0•10rall 0•,orall 
~ A¥orago 

~ l:ew WigR 

l=leaelspaee o~~ ~ ~ ~ Q.A.gQ ~ 

PROT-000213-Time Zero 

Tray 5 
Tray Overall Overall 

Average 
10 Low High 

Heads~ace 02 (%} 0.473 0.378 0.243 0.490 0.372 -- -- -- -- --

Table 15. Headspace Oxygen Levels at I Month for High-Speed Filler 
20 

iii PRO:r ggg;u~ 1 MeRtl=I 

:rr:ay Ne. § I :rr:ay Ne. 1Q 

l:ew I WiffR I Ai.•er:age l:ew I WigR I iO.i.•er:age 
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PROT-000213-1 Month 

Tra~ No. 5 Tra~ No. 10 

Low High Average Low High Average 

Heads~ace 02 (%} 0.412 1.518 0.995 0.98 1.454 1.262 -- -- -- -- -- --

Table 16. Comparison ofHeadspace 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) 

2.3 % Oxygen 
1.9 % 1.9 % 

Average Oxygen Oxygen 0.4 ¾Oxygen 
Low NIA 0.2%Oxygen 
High NIA NIA NIA 0.5%Oxygen 

NIA NIA 
1 Month Room 0.9 % Oxygen 

2.8% 1.2 % 1.1 ¾Oxygen 
Temperature Oxygen Oxygen (0.4 % to 1.5 %) 

NIA- 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 was utilized for lots 

XMHJI 705, XMHJI 706, and XMHJI 707 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 measured at 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 XMHJI 705, 

XMHJI 706, and XMHJI 707 used Argon Headspace Analysis, QCTM-000014. 

In addition to the head space oxygen levels, dissolved oxygen levels were also 

measured. Data are shown in 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 1 month 

Stwely ;L MeRtl=I 

::S:i:atf Ne, a ::S:i:atf Ne, ;i,g 

iaFRple iaFRple iaFRple iaFRple iaFRple iaFRple iaFRple 
¼ a i 4 ¼ a i 

l=leaelspac;e o~ 
~ 

M-7-e ~ M±& ~ Q,.gg -1-:4§4. ~ 

Qissel1i1eel o~ 
~ 

~ ~ ~ bQ4J. ~ ~ b±4Q. 

Stud~ - 1 Month 

Tra~ No. 5 Tra~ No.10 

Sam~le Sam~le Sam~le Sam~le Sam~le Sam~le Sam~le 
1 2 3 4 1 2 3 

Heads~ace 02 
0.576 0.412 1.518 1.475 0.98 1.454 1.352 

(%) -- -- -- -- -- -- --

Dissolved 02 
0.545 0.706 2.328 2.042 2.173 2.372 2.149 

.lEm!!tl 

Example 6 

Purity Profile and Long-Term Stability ofL-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 Plus glass, internally coated with silicon dioxide. 

10 The composition was subjected to stability testing to evaluate the stability of the 

composition over time. Table 18 shows various 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. 

15 Table 18. Characterization ofL-Cysteine Composition for Injection 

I Test XMHJ1705 XMHJ1706 XMHJ1707 
Up Up Up 
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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 (l)0.13ppm (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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Example 7 

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 

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 marked effects 

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 ofHeadspace and Dissolved Oxygen Control on Product Purity 

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 

Evaluation of Anions in L-Cysteine Product 

Inorganic anionic leachables were determined using validated potentiometric 

15 methods utilizing ion selective electrodes. Fluoride and Iodide were evaluated for this drug 

product. The leachables testing results are listed in Tables 20 and 21 below. 
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Table 20. Leachable Iodide Results for L-Cysteine HCl Injection 
[I"] (ppb) 

XMHJ1705 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 28.1 27.4 27.1 25.2 24.9 

2 25.9 26.3 25.9 24.0 24.1 

3 28.1 25.3 25.3 24.0 22.3 

Average 27.4 26.3 26.1 24.4 23.7 

SD 1.3 1.0 0.9 0.7 1.3 

¾RSD 4.7 3.9 3.6 2.7 5.6 

XMHJ1706 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 81.7 80.3 82.8 80.3 82.0 

2 83.1 81.7 81.5 82.5 82.3 

3 81.7 81.7 81.8 78.1 81.9 

Average 82.2 81.2 82.0 80.3 82.1 

SD 0.8 0.8 0.7 2.2 0.2 

¾RSD 0.9 1.0 0.9 2.7 0.2 

XMHJ1707 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 53.5 52.3 53.1 51.7 51.4 

2 52.5 54.0 53.7 51.8 52.0 

3 54.4 52.8 52.8 53.8 53.6 

Average 53.5 53.0 53.2 52.4 52.3 

SD 1.0 0.9 0.4 1.2 1.1 

¾RSD 1.8 1.7 0.8 2.2 2.1 

Table 21. Leachable Iodide Results for L-Cysteine HCl Injection 
[I"] (ppb) 

Inverted 

24.7 

24.1 

21.6 

23.5 

1.6 

7.0 

Inverted 

81.8 

81.3 

82.8 

82.0 

0.7 

0.9 

Inverted 

50.8 

53.5 

52.6 

52.3 

1.4 

2.6 

XMHL1702A XMHL1702B 
25 °C/60 ¾RH 40 °C/75 ¾RH 25 °C/60 ¾RH 40 °C/75 ¾RH 

6 month 6 month 6 month 6 month 
Iodide (ppb) 29 24 24 19 
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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 amount including vial orientation or temperature dependence was observed. 

Example 9 

Elemental Leachables 

Elemental leachables were evaluated using a validated inductively coupled plasma 

10 mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and 

other literature 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. 

15 Table 22. Elemental Impurity Leachables Results for L-Cysteine HCl Injection 

[X] (ppb) 

XMHJ1705 XMHJ1705 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) Time point (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 

Iron 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 1 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 5 3.90 0.1 <0.5 6 3.79 

Gold 969 5 3 9.76 0.3 3 4 1.76 

Antimony 872 1 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 HCl Injection 
[X] (ppb) 

XMHJ1705 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.5 

Zinc 12598 7 5 3 

Iron 12598 9 157 637 

Chromium 10660 1 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 775 <QL 1 <QL 

Nickel 194 14 14 15 

Arsenic 174 0.3 0.3 0.2 

Aluminum 120 
(4) (19) (5) 

<QL <QL <QL 

Vanadium 97 <QL <QL <QL 

Silver 97 <QL <QL <QL 

Ruthenium 97 <QL <QL <QL 

Rhodium 97 0.01 0.01 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 HCl Injection 
[X] (ppb) 

XMHJ1706 XMHJ1706 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (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 

Iron 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 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 
<QL 

<QL <QL <QL <QL <QL 
(2) 

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 

Iridium 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 5.53 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 HCl Injection 
[X] (ppb) 

XMHJ1706 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 3 6 8 

Iron 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 775 0.4 <QL 0.4 

Nickel 194 14 14 14 

Arsenic 174 0.8 0.5 0.4 

Aluminum 120 
(5) (6) (1) 

<QL <QL <QL 

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 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 0.004 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1707 XMHJ1707 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (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 775 <0.5 <QL <QL 0.1 <0.5 2 <QL 

Nickel 194 11 8 7.71 7.4 10 8 7.82 

Arsenic 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 

Iridium 97 <0.5 6 5.95 <QL <0.5 7 5.94 

Thallium 78 <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 <0.5 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 HCl Injection 
[X] (ppb) 

XMHJ1707 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 7 4 6 

Iron 12598 8 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 775 0.4 <QL <QL 

Nickel 194 14 14 14 

Arsenic 174 0.6 0.6 0.6 

Aluminum 120 
(5) (26) (39) 

<QL <QL <QL 

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 HCl Injection 
[X] (ppb) 

XMHJ1702A 
25 °C/60 %RH 

Element 
AEC Time point 
(ppb) (months) 

9 9 
INV UP 

Molybdenum 14537 1 0.5 

Zinc 12598 17 17 

Iron 12598 5 59 

Chromium 10660 5 1 

Barium 6784 1 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 775 <QL <QL 

Nickel 194 11 15 

Arsenic 174 0.3 0.1 

Aluminum 120 
(9) (5) 

<QL <QL 

Vanadium 97 3 <QL 

Silver 97 2 <QL 

Ruthenium 97 0.9 <QL 

Rhodium 97 8 0.01 

Platinum 97 2 <QL 

Palladium 97 1 0.1 

Osmium 97 0.8 <QL 

Iridium 97 10 0.04 

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 HCl Injection 
[X] (ppb) 

XMHJ1702A XMHJ1702A 

AEC 
25 °Cl60 %RH 40 °C/75 %RH 

Element 
(ppb) 

Time point (months) 

0 1 2 3 6 0 1 2 3 6 

Molybdenum 14537 2 NIA NIA 1.34 0.5 2 2 <0.5 1 0.4 

Zinc 12598 42 NIA NIA 3.90 34.3 42 37 2 4 22.1 

Iron 12598 284 NIA NIA 15.31 7 284 27 <QL 35 11.2 

Chromium 10660 14 NIA NIA <QL 2.1 14 4 <0.5 <QL 2.1 

Barium 6784 2 NIA NIA <QL <QL 2 2 <QL <QL <QL 

Tin 5815 3 NIA NIA 1.82 3.8 3 3 2 2 1 

Copper 2907 4 NIA NIA <QL 123.1 4 2 <QL <QL 0.1 

Manganese 2423 5 NIA NIA <QL 0.1 5 1 <0.5 <QL 0.3 

Lithium 2423 6 NIA NIA 3.92 0.2 6 6 <QL 4 0.2 

Gold 969 7 NIA NIA 3.45 0.1 7 4 5 4 0.1 

Antimony 872 2 NIA NIA 1.08 <QL 2 2 1 1 <QL 

Selenium 775 4 NIA NIA <QL 0.4 4 2 <QL <QL <QL 

Nickel 194 11 NIA NIA 8.93 8 11 9 4 8 8.1 

Arsenic 174 2 NIA NIA <QL 0.3 2 1 <QL <QL 0.3 

Aluminum 120 <0.5 NIA NIA <QL <QL <QL 
(3) (8) (7) 

<QL 
<QL <QL <QL 

Vanadium 97 4 NIA NIA <QL <QL 4 3 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 

Ruthenium 97 2 NIA NIA 0.76 <QL 2 2 <0.5 1 <QL 

Rhodium 97 8 NIA NIA 4.30 <QL 8 8 9 4 <QL 

Platinum 97 1 NIA NIA <QL 0.1 1 1 <0.5 <0.5 0.1 

Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 

Iridium 97 7 NIA NIA 5.98 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 3.59 <QL 5 5 6 4 <QL 

Cobalt 48 <0.5 NIA NIA <QL <QL <0.5 <0.5 <QL <0.5 <QL 

Lead 48 6 NIA NIA 5.01 1.6 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 0.81 1 2 1 1 1 1.1 

Cadmium 19 2 NIA NIA 1.37 <QL 2 2 1 1 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1702B XMHJ1702B 

Element 
AEC 25 °Cl60 %RH 40 °C/75 %RH 
(ppb) Time point (months) 

0 1 2 3 6 0 1 2 3 6 
Molvbdenum 14537 2 NIA NIA 1 0.5 2 2 <QL 1 0.4 

Zinc 12598 38 NIA NIA 71 23.5 38 39 <QL 7 23.1 
Iron 12598 166 NIA NIA 31 7.9 166 35 <QL 16 12.3 

Chromium 10660 9 NIA NIA <QL 2.1 9 6 <QL <QL 1.9 
Barium 6784 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Tin 5815 3 NIA NIA 21 1.5 3 4 3 3 1.3 
Copper 2907 2 NIA NIA <QL <QL 2 2 <QL <QL 0.3 

Manganese 2423 3 NIA NIA <QL 0.1 3 1 <QL <QL 0.3 
Lithium 2423 6 NIA NIA 4 0.2 6 6 <QL 4 0.2 

Gold 969 5 NIA NIA 3 0.1 5 4 5 3 0.1 
Antimony 872 2 NIA NIA 1 <QL 2 2 1 1 <QL 
Selenium 775 3 NIA NIA <QL 0.1 3 2 <QL <QL <QL 

Nickel 194 10 NIA NIA 9 8.2 10 8 4 8 8.2 
Arsenic 174 2 NIA NIA <QL 0.3 2 2 <QL <QL 0.1 

Aluminum 120 <QL NIA NIA (6) 
<QL <QL 

(10) (25) (6) 
<QL 

<QL <QL <QL <QL 
Vanadium 97 4 NIA NIA <QL <QL 4 4 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 
Ruthenium 97 2 NIA NIA 1 <QL 2 2 <0.5 1 <QL 
Rhodium 97 8 NIA NIA 4 <QL 8 8 9 4 <QL 
Platinum 97 1 NIA NIA <0.5 0.1 1 1 <0.5 <0.5 0.1 
Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 
Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 
Iridium 97 7 NIA NIA 6 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 4 <QL 5 5 6 4 <QL 
Cobalt 48 <0.5 NIA NIA <0.5 <QL <0.5 <0.5 <QL <0.5 <QL 
Lead 48 6 NIA NIA 5 1.5 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 1 0.5 2 1 1 1 0.4 
Cadmium 19 2 NIA NIA 1 <QL 2 2 1 1 <QL 

Example 10 

Visual Inspection of Filled Vials 

The L-Cysteine product that was manufactured by the two methods (i.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 

I I PROT-000213 I XMHJ1705 I XMHJ1706 I XMHJ1707 I 
Total Vials 1918 3473 3473 3497 
White PM 36 120 31 32 
Overall% 1.88% 3.46% 0.89% 0.92% 

As the data show, no confirmed degradation was observed by either method 

5 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, 

10 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. 

15 

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 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 

20 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 

25 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 

5 therewith. Furthermore, the term "about," as used herein when referring to a measurable 

value such as an amount of a compound or agent of this invention, dose, time, temperature, 

and the like, is meant to encompass variations 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 

10 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 format is used merely for 

convenience and brevity and thus should be interpreted flexibly to include not only the 

15 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 

20 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. 

25 Having thus described in detail preferred embodiments of the present invention, it 

is to be understood that the invention defined by the above paragraphs is 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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STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF 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 periods of time. 

BACKGROUND 

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

IO 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 

15 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 

20 supplementation can be desirable. 

25 

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: 

I 
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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 (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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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, 

15 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 

20 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

25 pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

5 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 

10 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 amino acids selected from the group 

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

15 methionine, tryptophan, alanine, arginine, glycine, praline, 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: 

20 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

25 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, praline, 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 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 

5 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 

10 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 

15 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. 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 

20 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 

25 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 

4 

Eton Ex. 1002 
231 of 436



SUBSTITUTE SPECIFICATION -CLEAN Atty. Ref. No. 066859/509450 

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 

5 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 

10 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 shows data for the process of Example 4. The plot shows comparison of 

oxygen headspace control between the lyophilizer chamber headspace control method 

15 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 

20 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 

25 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 

5 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 

IO 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 I month to I year 

15 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 

20 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. 

25 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 

5 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 As such, 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 

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

Additional efforts to identify the root cause for the product failure 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 some cases in less than 1-2 months. See Example 3. This finding 

15 was also 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 dangerous in 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 

20 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 

25 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. 

7 

Eton Ex. 1002 
234 of 436



SUBSTITUTE SPECIFICATION -CLEAN Atty. Ref. No. 066859/509450 

Some subjects that would be rece1vmg 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 

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

cases, it 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 

IO 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 because the patient population 

exposed to the drug may be not as vulnerable as in the case ofL-Cysteine, or the dosing of 

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

15 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 

20 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 eliminating heat in the process, and in consideration of 

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

excipients, individually or in combination(s ), resulted in achieving a safe, stable 

composition ofL-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 component of a nutritional 

supplement regimen referred 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, 

5 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). 

10 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, 

15 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 Formula I: 

(I) 

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

precursor for antioxidants, such as glutathione and taurine, 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 

25 as structural proteins in connective tissue. 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. 

Known pharmaceutical compositions that contain L-cysteine can typically contain 

5 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 

10 levels over time. For all 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. 

15 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 

20 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 human error) 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 

25 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 thanl0 ppb, or less than 5 ppb, or less than 1.0 ppb. Thus, 

30 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 

micrograms per kilogram per day (µg/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 

5 micrograms/kg/cl, 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 

10 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-known risk factor for renal 

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

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

15 weakened GI protective 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 

20 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 (measured as a base, i.e., not 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 

25 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 

5 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 

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

Commercially available amino acid product labeling for example indicates that 25 

10 mcg/L of Aluminum is contributed from the product itself 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 volume to 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 

15 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 

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

20 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 

µg/kg/day (range 12 - 162 µg/kg/day) of Aluminum coming from various sources. Even 

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

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

highlights the need to systematically reduce the amount of Aluminum in 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 ofL-Cysteine with an eye to 

keep the Aluminum administration to below or at a certain amount is 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 

5 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 I shows a 

streamlined approach to categorize the potential patient population and their proposed daily 

IO doses of L-Cysteine. 

Table 1. Daily Dosage of L-Cysteine 

L-Cysteine 

Protein3 Dosage 

Requirement L-Cysteine Dosage (mg 
Age (g/kg/day)1 (mg cysteine/g AA) cysteine/kg/day) 

Preterm and term infants less than 1 month 3 to 4 15 45 to 60 
of age 

Pediatric patients 1 month to less than 1 2 to 3 15 30 to 45 
year of age 

Pediatric patients 1 year to 11 years of age 1 to 2 15 15 to 30 

Pediatric patients 12 years to 17 years of 0.8 to 1.5 5 4 to 7.5 
age 

Adults: Stable Patients 0.8 to 1 5 4 to 5 

Adults: Critically Ill Patients 1.5 to 2 5 7.5 to 10 
"Protem 1s provided as ammo acids. When mfused mtravenously, ammo acids are metaboltzed and uttltzed as the bmldmg 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 

15 however of how 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/mg of 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 

5 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 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 administered to the patient from the final admixture 

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

10 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 

15 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 bone toxicity. Tissue loading may occur at even 

20 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 Aluminum levels of 5,000 ppb or even the 900 ppb associated with these 

25 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 nnb product product 

mg/kg/day mL/kg/day mcg/kg/day mcg/kg/day mcg/kg/day 
Preterm and 45 to 60 1.31 to l.18to 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 0.79to 1.17 4.35 to 6.52 0.1 to 0.157 
patients 1 1.31 
month to less 
than 1 yr 
Pediatric 15 to 30 0.44 to 0.40 to 0.79 2.18to4.35 0.053 to 0.1 
patients 1 yr 0.87 
to 11 yrs 
Pediatric 4 to 7.5 0.18 to 0.11 to 0.20 0.58 to 1.09 0.022 to 
patients 12 yrs 0.22 0.026 
tol7yrs 
Adults: Stable 4 to 5 0.18to 0.11 to 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 Dose at Aluminum Aluminum Aluminum 
(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 mcg/kg/day mcg/kg/day mcg/kg/day 
Preterm and 120to 160 3.48 to 3.13to4.17 17.39 to 23.19 0.42 to 0.56 
term infants less 4.64 
than 1 month 
Pediatric 80 to 120 2.32 to 2.09to 3.13 11.59 to 17.39 0.28 to 0.42 
patients 1 month 3.48 
to less than 1 yr 
Pediatric 40 to 80 1.16 to 1.05 to 2.09 5.79 to 11.59 0.14 to 0.28 
patients 1 yr to 2.32 
11 yrs 
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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 
tol7yrs 
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 

If the preterm infants are given the high dose ofL-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 

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

0.12 mcg 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 

10 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). 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 

15 are likely to be deemed unsafe 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 ppb as illustrations, 

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. 

20 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 
Dose at Contribution 
15mg/g AA from 20 ppb 

roduct 
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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 1 0.026 0.065 0.195 
month to 
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 
yrto 11 yrs 
Pediatric 4 to 7.5 0.004 0.009 to 0.022 to 0.027 to 
patients 12 0.01 0.026 0.033 
yrstol7 
yrs 
Adults: 4 to 5 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-Cysteine compositions provide about 35 

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

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

5 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 ofL-Cysteine 

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

mcg/kg/day of Aluminum. 

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

mg/mL ofL-Cysteine to deliver 4 to 7.5 mg/kg/day ofL-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 

15 embodiments, parenteral L-Cysteine compositions provide about 35 mg/mL ofL-Cysteine 
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to deliver 7 to 10 mg/kg/day ofL-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-

5 Cysteine composition that delivers 45 to 60 mg/kg/day ofL-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 ofL-Cysteine and from about 0.01 

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

15 

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

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

20 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 ofL-Cysteine and from about 0.004 

25 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 as illustrations, 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-Cysteine Aluminum Aluminum Aluminum Aluminum 
Dose at 40 Contribution Contribution Contribution Contribution 
mg/gAA 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 

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 1 
month 
Pediatric 80 to 120 0.047 to 0.117to 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 
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 
yrstol7 
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 ofL-Cysteine to deliver 120 to 160 mg/kg/day ofL-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 ofL-Cysteine to deliver 80 to 120 mg/kg/day ofL­

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

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

to deliver 40 to 80 mg/kg/day ofL-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-

5 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 ofL-Cysteine 

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

mcg/kg/day of Aluminum. 

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

10 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 

15 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 ofL-Cysteine and from about 0.01 

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

25 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-
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Cysteine composition that delivers 18 to 28 mg/kg/day ofL-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 

5 Aluminum toxicity. 

I. Definitions 

As used 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 

10 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 

months or three to 24 months. 

15 As used herein, the term "dissolved oxygen" refers to oxygen that is found in the 

aqueous carrier 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 volume of the sealed container comprising the composition. 

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

20 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 

25 symptoms of 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 

5 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 

IO 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 of skill in the art would have 

experience with such administrations. 

As used herein, "effective amount" refers to an amount of an ingredient, such as 

15 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 known to be effective or providing nutritional value to prevent effects of 

20 malnutrition. It is understood that various biological factors may affect 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 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. 

25 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 known in the art, it is recognized that individual variation 

30 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 to the complete or nearly 

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

5 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 

IO 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 component that the effect would be the same 

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

15 "substantially free of' an ingredient or element may still 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 

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

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

purposes of this 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, 

25 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 disorder is 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 

5 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. 

10 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 

15 container holding a drug product in a sterile environment that 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, 

20 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 administer its 

contents to more than one subject in need thereof. 

As used herein, the term "mixing" refers to admixing, contacting, blending, stirring 

25 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. 

11. Com positions 

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 

10 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

15 cysteine; 

a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

20 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-

25 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

5 a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

10 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 

15 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 

20 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 are at a ratio of from about 

25 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 are at 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 (i.e., about 700,000 units of L-
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Cysteine to I unit of Aluminum). In some embodiments the L-Cysteine and Aluminum 

are at a ratio of about 300,000: I (i.e., about 300,000 units of L-Cysteine to I unit of 

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

230,000: I (i.e., about 230,000 units of L-Cysteine to I unit of Aluminum). In some 

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

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

and Aluminum are at a ratio of about 140,000: I (i.e., about 140,000 units ofL-Cysteine to 

I unit of Aluminum). 

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

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

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

some embodiments the L-Cysteine and Aluminum are at a ratio of from about 4 million: I 

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

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

15 Cysteine and Aluminum are at a ratio of from about 1.8 million:! (i.e., about 1.8 million 

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

of L-Cysteine to I 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 ofL-Cysteine 

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

20 unit of Aluminum). In some embodiments the L-Cysteine and Aluminum are at a ratio of 

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

about 230,000: I (i.e., about 230,000 units of L-Cysteine to I unit of Aluminum). In some 

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

about 230,000 units ofL-Cysteine to I unit of Aluminum) to about 170,000:1 (i.e., about 

25 170,000 units of L-Cysteine to I unit of Aluminum). Thus, in some embodiments the L­

Cysteine and Aluminum are at a ratio of from about 170,000: I (i.e., about 170,000 units of 

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

Cysteine to I 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 

30 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 nanograms of L­

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

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

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

5 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. 

10 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 

15 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 

20 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 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 

25 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 I month from time zero. 

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

provide similar dissolved oxygen levels. 

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 some cases, the dissolved oxygen content in the carrier can be 

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

In some additional 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 

15 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 

20 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 as set forth in Example 4. 

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

25 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 

30 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 

5 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, 

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

amount of the 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 

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

about 300 mgto about400 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 

20 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. 

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 

25 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. In still 

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 

5 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 

10 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. 

15 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 manner as described 

20 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 known in 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 

25 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 
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that such pouching extends the shelf life of the product by at least I 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 I Plus USP glass. The general thickness of 

5 the coating is presumed to be at least I 00-200 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 

IO about I 00 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 I ppb to about 150 ppb, from about I ppb to about 120 

ppb, from about I ppb to about I 00 ppb, from about I ppb to about 80 ppb, from about I 

15 ppb to about 60 ppb, from about I ppb to about 50 ppb, from about I ppb to about 40 ppb, 

from about I ppb to about 30 ppb, from about I ppb to about 25 ppb, from about I ppb to 

about 20 ppb, from about I ppb to about 15 ppb, from about I ppb to about IO ppb, from 

about I 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 

20 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 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 

25 example of a specific coated stopper is supplied by West Pharma and is called VI 0-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. 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 product but also for their minimal 

contribution to Aluminum levels in the drug product. 

5 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, 

10 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. 

15 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 1 

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

20 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. 

25 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 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 

10 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 

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

present in the composition in an amount not more than 2.0 wt¾ 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 wt¾ relative to L-cysteine 

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

20 cystine is present in the composition in an amount not more than 0.5 wt¾ 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 wt¾ 

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 

25 wt¾ 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 wt¾ 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 wt¾ relative to L-cysteine after storage at ambient temperature for a period 

of 6 months. 

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

composition, but in an amount not more than 2.0 wt¾ relative to L-cysteine after storage 

5 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 wt¾ 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 wt¾ to about 2.0 wt¾ relative to the amount of L-cysteine present in the 

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

in an amount from about 0.005 wt¾ to about 0.5 wt¾ relative to the amount ofL-cysteine 

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

composition in an amount from about 0.05 wt¾ to about 1.0 wt¾ relative to the amount of 

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

15 but in an amount that 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. 

When present, pyruvic acid is typically present in a relatively small amount compared to 

20 L-cysteine. In certain embodiments, pyruvic acid is present in the composition in an 

amount not more than 2.0 wt¾ 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 wt¾ relative to L-cysteine after storage at ambient 

temperature for a period of 6 months. In certain embodiments, pyruvic acid is present in 

25 the composition in an amount not more than 0.5 wt¾ 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 wt¾ 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 wt¾ relative to L-

30 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 

wt¾ 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 wt¾ relative to L-cysteine after storage at ambient temperature for a 

5 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 wt¾ 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 wt¾ relative 

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

10 embodiments, pyruvic acid can be present in the L-cysteine composition in an amount from 

about 0.001 wt¾ to about 2.0 wt¾ 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 wt¾ to about 0.5 wt¾ relative to the amount 

of L-cysteine present in the composition. In some embodiments, pyruvic acid can be 

15 present in the L-cysteine composition in an amount from about 0.05 wt¾ to about 1.0 wt¾ 

relative to the amount of L-cysteine present in the composition. In some embodiments, 

pyruvic acid can be present, but in an amount that 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. 

20 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 

25 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-

5 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 

10 or less. The L-Cysteine compositions provided herein show Iodide concentrations of less 

20 ppm and Fluoride concentrations of less than 30 ppm 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. In some embodiments, the 

L-Cysteine compositions provide from about 1.0 ppm to 20 ppm of Iodide; in some 

15 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 

20 1.0 ppm to about 5 ppm. Methods for 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 

25 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/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 

30 allowable limit for some elements are relatively high, whereas for other elements they are 
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relatively very low. For example, Molybdynum has the 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. 

5 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 

10 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. 

15 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 

20 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, 

25 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 O .1 ppb to about 15 ppb; in some embodiments, from about O .1 

5 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 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 Arsenic, Mercury, Lead and other elements may be 

extracted from the container or from the stopper. In one specific embodiment, the extracted 

10 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 stopper is 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 

15 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 

20 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 

25 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 of clarity 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 I month from time zero. 

Additional time points beyond the I-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 

5 space oxygen levels within a sealed container ofL-Cysteine compositions described herein 

may reach an equilibrium at some time point during its 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 

IO 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 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 may fall within that range at some other 

time point (e.g., 30 day time point, or later). Therefore, in some aspects, the ranges, 

15 subranges, and specific data points disclosed and discussed herein are valid and suitable 

for time points beyond the time zero and I-month time points. In one aspect, the time points 

could be extended to 2-months, 3-months, 6-months, 9-months, 12-months, IS-months, 18-

months, and 24 months. 

In some aspects, the total amount of oxygen in the sealed container may be an 

20 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 amount of dissolved oxygen in the carrier and the amount of 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 

25 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 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 may be 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 may start first with vacuum operation followed by inert gas overlay followed by 

5 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 seconds or from five to fifteen seconds when conducted by 

10 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 

15 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-cysteine compositions described herein can be admixed with amino acid 

solutions, such as crystalline amino acid injection, for example, commercially available 

20 TRA V ASOL ® and TRA V ASOL E®. 

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 

25 essentially free of L-Cysteine comprising one or more amino acids selected from the group 

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

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

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

TPN composition for infusion, comprising: 

30 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 amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L-

cysteine; 

5 one or more amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

arginine, glycine, praline, serine, and tyrosine; 

a pharmaceutically acceptable carrier, comprising water, 

wherein, the amounts are from about 100 mL to about 1,000 mL and the total 

10 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 

15 amino acids selected from the group consisting of leucine, isoleucine, lysine, valine, 

phenylalanine, histidine, threonine, methionine, tryptophan, alanine, arginine, glycine, 

praline, serine, and tyrosine. In certain embodiments, the composition includes all of these. 

In certain embodiments, 500 mg of L-Cysteine is admixed with 12.5 gram of crystalline 

amino acid injection, such as that present in 250 mL of 5% crystalline amino acid injection. 

20 In some aspects, 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-Cysteine per gram of amino acids. See, for example, Tables 1-2 

25 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 added to the 

compositions specifically as an antioxidant. Naturally occurring antioxidants may still 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 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. 

10 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 

15 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-

20 cysteine composition for injection as L-cysteine hydrochloride monohydrate. 

25 

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, and is stable for 9 months or less. 

43 

Eton Ex. 1002 
270 of 436



SUBSTITUTE SPECIFICATION -CLEAN Atty. Ref. No. 066859/509450 

In certain embodiments, the stable, safe L-cysteine composition can consist 

essentially of L-cysteine, water, Aluminum in an amount of less than 200 ppb, cystine in 

an amount from about 0.001 wt¾ to about 2 wt¾ relative to L-cysteine, pyruvic acid in an 

amount from about 0.001 wt¾ to about 2 wt¾ to L-cysteine, headspace oxygen that is less 

5 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 

m a variety of ways depending upon the method used for administering the drug. 

10 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 

15 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 

20 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 pharmaceutical arts, 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 

25 levels are NMT 120 ppb is 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, 

30 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 convey that 

5 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 those situations where the levels are below quantitation 

IO 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 

15 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 of art in the 

pharmaceutical industry. Those in the industry do not assume these terms necessarily 

20 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 

understood in light of this custom and practice in the art. 

25 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) 16th 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 

5 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 recommend a tonicity 

outside of the ranges recited herein under certain circumstances. 

10 III. 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 

intravenous fluid to prepare a diluted L-cysteine composition for infusion. The methods 

15 can further include parenterally administering the diluted L-cysteine composition to 

provide a therapeutically effective dose ofL-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 

20 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 wt¾ to about 2.0 wt¾ relative to L-

25 cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ 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, praline, serine, and tyrosine; and 

a pharmaceutically acceptable carrier, comprising water, 

5 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, 

10 compnsmg: 

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 

15 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-

20 cysteine, comprising: 

25 

administering to a subject a composition compnsmg 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 wt¾ to about 2.0 wt¾ relative to L-cysteine; 

pyruvic acid in an amount from about 0.01 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

one or more amino acids selected from the group consisting of: leucine, isoleucine, 

lysine, valine, phenylalanine, histidine, threonine, methionine, tryptophan, alanine, 

30 arginine, glycine, praline, 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, 

Atty. Ref. No. 066859/509450 

wherein the Aluminum administered to said subject 1s reduced compared to 

administration of a standard parenteral composition comprising L-cysteine and Aluminum 

5 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 can be up to 90%, up to 80%, up to 70%, up to 60%, up to 

10 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 

15 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 

20 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 

25 as, crystalline amino acid injection. In this aspect, the methods comprise diluting with an 

intravenous fluid 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 

48 

Eton Ex. 1002 
275 of 436



SUBSTITUTE SPECIFICATION -CLEAN 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 when enteral therapy is not 

possible; other disease states or conditions in which oral or enteral feeding are not an 

5 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, 

IO 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 

15 until about 6 months of age. As presented in Tables I and 2 above, the subjects can be 

from a pre-term infant to an adult that is in need ofL-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. 

20 In certain embodiments, the intravenous fluid 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. 

In certain embodiments, the diluted L-cysteine composition for infusion is typically 

25 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 ofL-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, 

5 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 

10 mcg/kg/day. For adults, i.e., stable patients, the therapeutically effective dose is 4 to 5 

mcg/kg/day. For adults that are critically ill, the therapeutically effective dose is 7.5 to 10 

mcg/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 

15 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 µg/kg/d of 

Aluminum. In still further examples, the therapeutically effective dosing regimen can 

20 provide less than or equal to 4 µg/kg/d of Aluminum, or less than or equal to 3 µg/kg/d of 

Aluminum. In certain embodiments, the methods result in a daily dosage of Aluminum 

from the composition of from about 2 µg/kg/d to not more than 5 µg/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 

25 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 

30 distress syndrome (ARDS), diabetes (e.g. type 2 diabetes), the like, or a combination 
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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 ofNMT 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 ofNMT 30°C; 

Contacting under the Argon the WFI with L-Cysteine Hydrochloride, 

Monohydrate, USP (L-Cysteine) for NL T 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 oxygen in the container is about 0.1 ppm to about 5 ppm. 

The subject rnatter described herein includes, but is not iirnited 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 (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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 
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a pharmaceutically acceptable carrier, comprising water; 

headspace 02 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 

5 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 

10 an antioxidant. 

3. The composition of embodiment 1 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. 

15 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 Aluminum is present in 

an amount from about 1.0 ppb to about 160 ppb. 

7. The composition of embodiment 1, 2, 3, 4, 5 or 6, wherein said Aluminum is present 

20 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. 

25 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 embodiment 1, 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 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 

5 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 

10 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. 

15 17. The composition of embodiment 1, 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 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 amount from about 0.10 ppm to about 

2.0 ppm. 

20 19. The composition of embodiment 1, 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. 

25 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 or less. 

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, 

30 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 

5 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 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, 

10 17, 18, 19, 20, 21, 22, 23, 24 or 25, wherein said internally coated glass container is coated 

with SiO2. 

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 embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

15 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 

20 composition in an amount not more than 200 ppb after storage at ambient temperature for 

a period of 3 months or 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 aboutl. 0 ppb to about 20 ppb of Aluminum from the water. 

25 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 months or less, said Aluminum comprising, from about O 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 

5 composition in an amount not more than 200 ppb after storage at ambient temperature for 

a period of 9 months or 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. 

10 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 months or 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 

15 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 wt¾ relative to L-cysteine after storage at ambient 

20 temperature for a period of 9 months or less. 

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 wt¾ relative to L-cysteine after storage at ambient 

temperature for a period of 9 months or less. 

25 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 wt¾ relative to L-cysteine after storage at ambient 

temperature for a period of 9 months or less. 

36. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

30 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 wt¾ 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 

5 composition in an amount not more than 2 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 wt¾ relative to L-cysteine after storage at 

10 ambient temperature for a period of 9 months or less. 

39. 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 0.5 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

15 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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

41. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

20 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 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 

25 composition in an amount not more than 0.1 wt¾ relative to L-cysteine after storage at 

ambient temperature for a period of 9 months or less. 

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 amount of less than 1.0%. 
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44. 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 amount of 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, 

5 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, further comprising in the vial, headspace 

oxygen in an amount of 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 amount of less than 0.6%. 

10 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 amount of 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 

15 oxygen in an amount of 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 about 2.0. 

50. A stable composition from about 100 mL to about 1000 mL for administration via 

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

of a composition ofL-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 ofL-Cysteine comprising one or more amino acids selected from the group consisting 

25 of: leucine, isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine, 

tryptophan, alanine, arginine, glycine, praline, 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 

30 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. 

5 55. The stable composition for injection of embodiment 50, 51, 52, 53 or 54, further 

compnsmg 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 

10 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. 

15 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 

20 regimen comprising L-cysteine, the method comprising, mixing a composition comprising 

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

25 

30 

Aluminum in an amount from about 10 parts per billion (ppb) to about 80 ppb; 

L-cystine in an amount from about 0.001 wt¾ to about 2.0 wt¾ relative to L­

cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ 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, praline, serine, and tyrosine; and 

a pharmaceutically acceptable carrier, comprising water, 

58 

Eton Ex. 1002 
285 of 436



SUBSTITUTE SPECIFICATION -CLEAN Atty. Ref. No. 066859/509450 

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 

5 to L-cysteine administration, comprising: 

diluting a stable L-cysteine composition of embodiments 50, 51, 52, 53, 54, 55 or 

56, 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 

10 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 1 mcg/kg/day to about 4 

15 mcg/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 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. 

20 64. The method of embodiment 61, 62 or 63, wherein administering is performed via 

intravenous infusion. 

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. 

25 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 

30 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). 

5 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 months or less. 

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. 

10 72. A method of preparing the composition of any above embodiment, comprising 

stirring Water for Injection, USP (WFI) in a vessel at a temperature ofNMT 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 ofNMT 30°C; 

15 Contacting under the Argon the WFI with L-Cysteine Hydrochloride, 

20 

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, 

25 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 

5 Compounding was initiated with the addition of 40 ± 1.0 kg of Water for Injection, 

USP (WFI) was added 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 

10 the mixing bag was allowed to cool to a temperature ofNMT 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 NL T 15 minutes or until complete dissolution was observed. 

The dissolved oxygen content was measured and recorded prior to the addition of L-

15 Cysteine, immediately following the addition ofL-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 

continues until the dissolved oxygen was NMT 1 ppm. 

With continuous mixing and Argon overlaying, the solution's pH was adjusted to a 

20 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 was verified and adjusted as needed with the Hydrochloric 

Acid, NF and/orN Sodium Hydroxide, NF. Then, the solution's weight, adjusted pH and 

dissolved oxygen was measured and recorded. 

25 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 was fully 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 

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. 

15 

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 

XMHH1609 212 ppb 569 ppb 1.306 ppb 

XMHH1610 199 ppb 748 ppb 1,374 ppb 

XMHH1611 230 ppb 726 ppb 1,044 ppb 

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 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* 

XMHG 1700/ 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 

5 However, the product showed acceptable aluminum content. The data for aluminum levels 

are shown below. 

Table 8. Aluminum Levels 

Time Point Lot XMHG 1700 Lot XMHG 1701 Lot XMHG 1702 

Time Zero lJmh ~ lJmh 

Aluminum at additional time points was not measured because the product was abandoned 

10 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 

15 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) 1 part per million (PPM). Vials were 

filled and placed in the VirTis Benchmark Lyophilizer, OP4 l 59, 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 

10 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 

15 critical process parameters on its predetermined critical quality attribute. 

Table 9: Sampling and Testing Methodology 

Operation 
Sample Testing Acceptance 

Location/Quantitv Reauirements Criteria 
The bulk solution was mixed under 
Argon overlaying. Measure and record 
final solution weight, solution 

Dissolved 
Compounding 

temperature, solution pH, and dissolved Dissolved 
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 
Filling 

from each tray as it is filled Fully seat Dissolved 
Oxygen 

the stoppers of the removed filled vials Oxygen 
=Report Value 

immediately after removal and then 
label vials appropriately 
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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 
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 Value 
appropriate 

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 seat 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 
Oxygen 

Oxygen 
the Lyo, fully seat the stoppers of the =Report Value 
vials, and label appropriately 

Following headspace reduction and 
immediately prior to loading each tray Dissolved 
into the RAB for capping, use forceps to Dissolved Oxygen 
remove four ( 4) filled vials from each Oxygen =Report Value 
tray. Place a mark on each of the 

Capping 
removed vials for identification 
purposes and place the marked vials 
back into the tray. Load the tray into the Head Space Head Space Gas 

RAB for capping. Following the Gas Analysis Analysis 

capping of each tray, remove the 
=Report Value 

marked vials from the tray and label 
appropriately. 

Dissolved 

Following headspace reduction and 
Dissolved Oxygen 

Capping capping, remove the eighteen (18) vials 
Oxygen =Report Value 

Fill Hold marked "Fill Hold" from Tray 21 for 
Head Space 

Head Space Gas 
testing. Analysis 

Gas 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 

5 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 from the average of 5.12 ppm measured live time after filling using 

10 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 measured after 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 

15 process is provided in Figures 1 and 2. 

Table 10. Dissolved Oxygen Levels. 

Tray Number 
Post Filling -Pre HSR Post Filling - During Post HSR -Capping - Filled 

(ppm) Loading of Lyo (ppm) Vials (ppm) 

1 11. 932 10.179 0.480 

2 11.228 9.925 0.470 

3 11.486 10.577 0.508 

4 12.441 10.370 0.409 

17 6.808 9.893 0.525 

18 6.628 9.859 0.707 

19 5.860 9.854 0.486 

20 6.343 9.720 0.495 

21 5.641 10.329 0.735 

22 5.374 10.308 0.546 

23 5.190 10.149 0.481 

24 7.073 9.844 0.541 

37 4.328 9.544 0.403 

38 3.604 9.251 0.378 

39 4.559 9.265 0.390 

40 5.173 9.577 0.369 

Average 5.117 9.915 0.495 
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STD 1.03 0.39 0.11 

¾RSD 20.1 3.9 21.3 

Table 11. Filled Vials Head Space Oxygen. 

Tray Number 
Post HSR -Capping - Filled Vials Post Capping - Empty Vials 

(% Oxygen) (% Oxygen) 

1 1.147 0.981 

2 1.399 1.116 

3 1.551 0.980 

4 0.950 1.139 

17 1.382 1.156 

18 1.766 1.236 

19 1.154 1.224 

20 1.265 1.180 

21 1.844 1.221 

22 1.365 1.169 

23 0.890 1.295 

24 1.148 1.114 

37 0.880 1.300 

38 0.871 1.151 

39 0.850 1.097 

40 0.889 1.042 

Average 1.209 1.150 

STD 0.32 0.10 

¾RSD 26.7 8.3 

Table 12. Held vials dissolved oxygen (ppm) and head space oxygen content(%). 

Held Vials- Dissolved Oxygen Post Dissolved Oxygen Post Head Space Oxygen % Post 
Tray 1 / Tray Filling - Loading of Lyo HSR- Capping- Filled HSR- Capping - Filled Vials 

21 (ppm) Vials (ppm) (%) 

Sample 1 10.685 0.578 1.563 

Sample 2 10.467 0.588 1.390 

Sample 3 - 0.565 1.522 

Sample 4 - 0.550 1.447 

Average 10.576 0.570 1.481 

STD 0.15 0.02 0.08 

¾RSD 1.5 2.9 5.2 

5 
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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 - - 1.150 Empty Vials Avg. 

PROT-000055 Study 
9.915 0.495 1.209 

Filled Vials Avg. 

2018-RD-022 Study - - 0.49 
Empty Vials Avg. 

2018-RD-022 Study 
7.14 2.55 1.27 

Filled Vials Avg. 

Lot XMHJl 705 - 0.637 2.28 

Lot XMHJl 706 - 0.391 1.92 

Lot XMHJl 707 - 1.585 1.94 

The results from these experiments demonstrate the effectiveness of the 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 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 

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 

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 was observed 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 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 both filled and empty vials taken from 

20 designated locations in selected trays. Percent(%) Oxygen results achieved across the trays 
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showed a relatively uniform head space reduction process throughout the chamber. The 

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 

5 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 measured after filling, a further increase to an average of 10.58 ppm while loading the 

10 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 % for the filled regular vials. This indicated that the HSR cycle 

was effective in achieving comparable DO and Headspace oxygen results irrespective of 

the maximum fill time exposure (approximately 7 hours; represented by the Fill Hold 

15 Vials) and has no impact on the quality of the product. The use of the Lyophilizer, in the 

Head Space Reduction ofL-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. 

20 Example 5 

Head space oxygen reduction was accomplished usmg an automated filling 

equipment that can handle high speed filling, in contrast to slow or low volume operation 

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 

25 oxygen. Each pulse is 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 of the filler such 

that no product is 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 number of fill heads 

used. 

A 50 L batch was prepared utilizing the current compounding procedure described 

above in Example 1. The filler was set up to fill and reduce head space oxygen as per the 

5 process shown in 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 I-month time point. The 

data are shown below. 

The evaluation of the filler's performance demonstrated that the headspace oxygen 

IO control was comparable to or better than the current process for L-Cysteine. Headspace 

oxygen values obtained ranged from 0.2% to 0.5% for all vials filled, including empty vials 

during start up. Vials tested after I-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 I-month stability testing. Also included below is a comparison 

15 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 

Tray 5 
Tray Overall Overall 

Average 
10 Low High 

Headspace 02 (%) 0.473 0.378 0.243 0.490 0.372 

20 Table 15. Headspace Oxygen Levels at I Month for High-Speed Filler 

PROT-000213-1 Month 

Tray No. 5 Tray No. 10 

Low High Average Low High Average 

Headspace 02 (%) 0.412 1.518 0.995 0.98 1.454 1.262 
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Table 16. Comparison ofHeadspace 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) 

2.3 % Oxygen 
1.9 % 1.9 % 

Average Oxygen Oxygen 0.4 ¾Oxygen 
Low NIA 0.2%Oxygen 
High NIA NIA NIA 0.5%Oxygen 

NIA NIA 
1 Month Room 0.9 % Oxygen 

2.8% 1.2 % 1.1 ¾Oxygen 
Temperature Oxygen Oxygen (0.4 % to 1.5 %) 

NIA- 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 was utilized for lots 

10 XMHJI 705, XMHJI 706, and XMHJI 707 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 measured at 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 XMHJI 705, 

15 XMHJI 706, and XMHJI 707 used Argon Headspace Analysis, QCTM-000014. 

In addition to the head space oxygen levels, dissolved oxygen levels were also 

measured. Data are shown in Figure 5. 

The dissolved oxygen levels and head space oxygen levels were measured again at 

1 month stability time point at room temperature conditions: 

20 Table 17. Headspace and Dissolved Oxygen Data Comparison at 1 month 

Study - 1 Month 

Tray No. 5 Tray No.10 

Sample Sample Sample Sample Sample Sample Sample 
1 2 3 4 1 2 3 
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Headspace 02 
0.576 0.412 1.518 1.475 0.98 1.454 1.352 

(%) 

Dissolved 02 
0.545 0.706 2.328 2.042 2.173 2.372 2.149 

(ppm) 

Example 6 

Purity Profile and Long-Term Stability ofL-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 Plus glass, internally coated with silicon dioxide. 

The composition was subjected to stability testing to evaluate the stability of the 

composition over time. Table 18 shows various stability 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 ofL-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 (l)0.13ppm (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 

15 
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Example 7 

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 

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 marked effects 

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 ofHeadspace and Dissolved Oxygen Control on Product Purity 

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 

Evaluation of Anions in L-Cysteine Product 

Inorganic anionic leachables were determined using validated potentiometric 

15 methods utilizing ion selective electrodes. Fluoride and Iodide were evaluated for this drug 

product. The leachables testing results are listed in Tables 20 and 21 below. 
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Table 20. Leachable Iodide Results for L-Cysteine HCl Injection 
[I"] (ppb) 

XMHJ1705 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 28.1 27.4 27.1 25.2 24.9 

2 25.9 26.3 25.9 24.0 24.1 

3 28.1 25.3 25.3 24.0 22.3 

Average 27.4 26.3 26.1 24.4 23.7 

SD 1.3 1.0 0.9 0.7 1.3 

¾RSD 4.7 3.9 3.6 2.7 5.6 

XMHJ1706 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 81.7 80.3 82.8 80.3 82.0 

2 83.1 81.7 81.5 82.5 82.3 

3 81.7 81.7 81.8 78.1 81.9 

Average 82.2 81.2 82.0 80.3 82.1 

SD 0.8 0.8 0.7 2.2 0.2 

¾RSD 0.9 1.0 0.9 2.7 0.2 

XMHJ1707 

25°C/60% RH 40°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal 

1 53.5 52.3 53.1 51.7 51.4 

2 52.5 54.0 53.7 51.8 52.0 

3 54.4 52.8 52.8 53.8 53.6 

Average 53.5 53.0 53.2 52.4 52.3 

SD 1.0 0.9 0.4 1.2 1.1 

¾RSD 1.8 1.7 0.8 2.2 2.1 

5 Table 21. Leachable Iodide Results for L-Cysteine HCl Injection 
[I"] (ppb) 

Inverted 

24.7 

24.1 

21.6 

23.5 

1.6 

7.0 

Inverted 

81.8 

81.3 

82.8 

82.0 

0.7 

0.9 

Inverted 

50.8 

53.5 

52.6 

52.3 

1.4 

2.6 

XMHL1702A XMHL1702B 
25 °C/60 ¾RH 40 °C/75 ¾RH 25 °C/60 ¾RH 40 °C/75 ¾RH 

6 month 6 month 6 month 6 month 
Iodide (ppb) 29 24 24 19 
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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 amount including vial orientation or temperature dependence was observed. 

Example 9 

Elemental Leachables 

Elemental leachables were evaluated using a validated inductively coupled plasma 

10 mass spectrometric (ICP-MS) method. ICP-MS method is described in detail in USP and 

other literature 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. 

15 Table 22. Elemental Impurity Leachables Results for L-Cysteine HCl Injection 

[X] (ppb) 

XMHJ1705 XMHJ1705 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) Time point (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 

Iron 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 1 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 5 3.90 0.1 <0.5 6 3.79 

Gold 969 5 3 9.76 0.3 3 4 1.76 

Antimony 872 1 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 HCl Injection 
[X] (ppb) 

XMHJ1705 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.5 

Zinc 12598 7 5 3 

Iron 12598 9 157 637 

Chromium 10660 1 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 775 <QL 1 <QL 

Nickel 194 14 14 15 

Arsenic 174 0.3 0.3 0.2 

Aluminum 120 
(4) (19) (5) 

<QL <QL <QL 

Vanadium 97 <QL <QL <QL 

Silver 97 <QL <QL <QL 

Ruthenium 97 <QL <QL <QL 

Rhodium 97 0.01 0.01 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 HCl Injection 
[X] (ppb) 

XMHJ1706 XMHJ1706 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (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 

Iron 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 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 
<QL 

<QL <QL <QL <QL <QL 
(2) 

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 

Iridium 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 5.53 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 HCl Injection 
[X] (ppb) 

XMHJ1706 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 3 6 8 

Iron 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 775 0.4 <QL 0.4 

Nickel 194 14 14 14 

Arsenic 174 0.8 0.5 0.4 

Aluminum 120 
(5) (6) (1) 

<QL <QL <QL 

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 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 0.004 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1707 XMHJ1707 

AEC 25 °C/60 %RH 40 °C/75 %RH 
Element 

(ppb) 
Time point (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 775 <0.5 <QL <QL 0.1 <0.5 2 <QL 

Nickel 194 11 8 7.71 7.4 10 8 7.82 

Arsenic 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 

Iridium 97 <0.5 6 5.95 <QL <0.5 7 5.94 

Thallium 78 <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 <0.5 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 HCl Injection 
[X] (ppb) 

XMHJ1707 
25 °C/60 %RH 

AEC 
Element 

(ppb) Time point (months) 
12 12 12 

INV HOR UP 
Molybdenum 14537 0.4 0.4 0.4 

Zinc 12598 7 4 6 

Iron 12598 8 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 775 0.4 <QL <QL 

Nickel 194 14 14 14 

Arsenic 174 0.6 0.6 0.6 

Aluminum 120 
(5) (26) (39) 

<QL <QL <QL 

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 HCl Injection 
[X] (ppb) 

XMHJ1702A 
25 °C/60 %RH 

Element 
AEC Time point 
(ppb) (months) 

9 9 
INV UP 

Molybdenum 14537 1 0.5 

Zinc 12598 17 17 

Iron 12598 5 59 

Chromium 10660 5 1 

Barium 6784 1 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 775 <QL <QL 

Nickel 194 11 15 

Arsenic 174 0.3 0.1 

Aluminum 120 
(9) (5) 

<QL <QL 

Vanadium 97 3 <QL 

Silver 97 2 <QL 

Ruthenium 97 0.9 <QL 

Rhodium 97 8 0.01 

Platinum 97 2 <QL 

Palladium 97 1 0.1 

Osmium 97 0.8 <QL 

Iridium 97 10 0.04 

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 HCl Injection 
[X] (ppb) 

XMHJ1702A XMHJ1702A 

AEC 
25 °Cl60 %RH 40 °C/75 %RH 

Element 
(ppb) 

Time point (months) 

0 1 2 3 6 0 1 2 3 6 

Molybdenum 14537 2 NIA NIA 1.34 0.5 2 2 <0.5 1 0.4 

Zinc 12598 42 NIA NIA 3.90 34.3 42 37 2 4 22.1 

Iron 12598 284 NIA NIA 15.31 7 284 27 <QL 35 11.2 

Chromium 10660 14 NIA NIA <QL 2.1 14 4 <0.5 <QL 2.1 

Barium 6784 2 NIA NIA <QL <QL 2 2 <QL <QL <QL 

Tin 5815 3 NIA NIA 1.82 3.8 3 3 2 2 1 

Copper 2907 4 NIA NIA <QL 123.1 4 2 <QL <QL 0.1 

Manganese 2423 5 NIA NIA <QL 0.1 5 1 <0.5 <QL 0.3 

Lithium 2423 6 NIA NIA 3.92 0.2 6 6 <QL 4 0.2 

Gold 969 7 NIA NIA 3.45 0.1 7 4 5 4 0.1 

Antimony 872 2 NIA NIA 1.08 <QL 2 2 1 1 <QL 

Selenium 775 4 NIA NIA <QL 0.4 4 2 <QL <QL <QL 

Nickel 194 11 NIA NIA 8.93 8 11 9 4 8 8.1 

Arsenic 174 2 NIA NIA <QL 0.3 2 1 <QL <QL 0.3 

Aluminum 120 <0.5 NIA NIA <QL <QL <QL 
(3) (8) (7) 

<QL 
<QL <QL <QL 

Vanadium 97 4 NIA NIA <QL <QL 4 3 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 

Ruthenium 97 2 NIA NIA 0.76 <QL 2 2 <0.5 1 <QL 

Rhodium 97 8 NIA NIA 4.30 <QL 8 8 9 4 <QL 

Platinum 97 1 NIA NIA <QL 0.1 1 1 <0.5 <0.5 0.1 

Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 

Iridium 97 7 NIA NIA 5.98 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 3.59 <QL 5 5 6 4 <QL 

Cobalt 48 <0.5 NIA NIA <QL <QL <0.5 <0.5 <QL <0.5 <QL 

Lead 48 6 NIA NIA 5.01 1.6 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 0.81 1 2 1 1 1 1.1 

Cadmium 19 2 NIA NIA 1.37 <QL 2 2 1 1 <QL 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1702B XMHJ1702B 

Element 
AEC 25 °Cl60 %RH 40 °C/75 %RH 
(ppb) Time point (months) 

0 1 2 3 6 0 1 2 3 6 
Molvbdenum 14537 2 NIA NIA 1 0.5 2 2 <QL 1 0.4 

Zinc 12598 38 NIA NIA 71 23.5 38 39 <QL 7 23.1 
Iron 12598 166 NIA NIA 31 7.9 166 35 <QL 16 12.3 

Chromium 10660 9 NIA NIA <QL 2.1 9 6 <QL <QL 1.9 
Barium 6784 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 

Tin 5815 3 NIA NIA 21 1.5 3 4 3 3 1.3 
Copper 2907 2 NIA NIA <QL <QL 2 2 <QL <QL 0.3 

Manganese 2423 3 NIA NIA <QL 0.1 3 1 <QL <QL 0.3 
Lithium 2423 6 NIA NIA 4 0.2 6 6 <QL 4 0.2 

Gold 969 5 NIA NIA 3 0.1 5 4 5 3 0.1 
Antimony 872 2 NIA NIA 1 <QL 2 2 1 1 <QL 
Selenium 775 3 NIA NIA <QL 0.1 3 2 <QL <QL <QL 

Nickel 194 10 NIA NIA 9 8.2 10 8 4 8 8.2 
Arsenic 174 2 NIA NIA <QL 0.3 2 2 <QL <QL 0.1 

Aluminum 120 <QL NIA NIA (6) 
<QL <QL 

(10) (25) (6) 
<QL 

<QL <QL <QL <QL 
Vanadium 97 4 NIA NIA <QL <QL 4 4 <QL <QL <QL 

Silver 97 17 NIA NIA <QL <QL 17 17 17 <QL <QL 
Ruthenium 97 2 NIA NIA 1 <QL 2 2 <0.5 1 <QL 
Rhodium 97 8 NIA NIA 4 <QL 8 8 9 4 <QL 
Platinum 97 1 NIA NIA <0.5 0.1 1 1 <0.5 <0.5 0.1 
Palladium 97 1 NIA NIA <QL <QL 1 1 <QL <QL <QL 
Osmium 97 1 NIA NIA <QL <QL 1 1 1 <QL <QL 
Iridium 97 7 NIA NIA 6 <QL 7 7 9 6 <QL 

Thallium 78 5 NIA NIA 4 <QL 5 5 6 4 <QL 
Cobalt 48 <0.5 NIA NIA <0.5 <QL <0.5 <0.5 <QL <0.5 <QL 
Lead 48 6 NIA NIA 5 1.5 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 1 0.5 2 1 1 1 0.4 
Cadmium 19 2 NIA NIA 1 <QL 2 2 1 1 <QL 

Example 10 

Visual Inspection of Filled Vials 

The L-Cysteine product that was manufactured by the two methods (i.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 

I I PROT-000213 I XMHJ1705 I XMHJ1706 I XMHJ1707 I 
Total Vials 1918 3473 3473 3497 
White PM 36 120 31 32 
Overall% 1.88% 3.46% 0.89% 0.92% 

As the data show, no confirmed degradation was observed by either method 

5 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, 

10 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. 

15 

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 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 

20 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 

25 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 

5 therewith. Furthermore, the term "about," as used herein when referring to a measurable 

value such as an amount of a compound or agent of this invention, dose, time, temperature, 

and the like, is meant to encompass variations 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 

10 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 format is used merely for 

convenience and brevity and thus should be interpreted flexibly to include not only the 

15 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 

20 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. 

25 Having thus described in detail preferred embodiments of the present invention, it 

is to be understood that the invention defined by the above paragraphs is 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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1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication 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/903 indicating 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/248,460 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 100 = 200 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1920 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 
~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L 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 SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D 

16/248,460 01/15/2019 1615 

826 
ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

2080 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

066859/509450 22 3 
CONFIRMATION NO. 6641 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!IUU~!ll 11111111111111111111111 

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 must include 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. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. 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 processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

John Maloney, Salisbury, NC; 
Aruna Koganti, Lenoir, NC; 
Phanesh Koneru, Waxhaw, NC; 

Exela Pharma Sciences, LLC, Lenoir, NC 

Power of 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 Sheet in 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 be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in 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 number of your priority application, to be used for filing 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 throughout the 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-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate 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 accordance with its 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 made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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 deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
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://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (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 issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations 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 indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen 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 themselves of 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, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing 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 foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, 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 ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations 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://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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APPLICATION NO. FILING DATE 

16/248,460 01/15/2019 

826 7590 03/15/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

FIRST NAMED INVENTOR 

John Maloney 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

066859/509450 

CONFIRMATION NO. 

6641 

EXAMINER 

ART UNIT PAPER NUMBER 

1615 

NOTIFICATION DATE DELIVERY MODE 

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 

PTOL-90A (Rev. 04/07) 
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Decision Granting Request for 
Prioritized Examination (Track I) 

Application No. 
16/248,460 

Examiner 

CHERYL P GIBSON 
BAYLOR 

1. THE REQUEST FILED 15 January 2019 IS GRANTED. 

Applicant(s) 

Maloney et al. 

Art Unit 
OPET 

The above-identified application has met the requirements for prioritized examination 
A. ~ for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

AIA (First Inventor 
to File) Status 
Yes 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

filing a petition for extension of time to extend the time period for filing a reply; 

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 

abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at (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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Electronic Acknowledgement Receipt 

EFSID: 35966115 

Application Number: 16248460 

International Application Number: 

Confirmation Number: 6641 

Title of Invention: 
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 
METHODS OF USE 

First Named Inventor/Applicant Name: John Maloney 

Customer Number: 826 

Filer: Bryan Lee Skelton/Laura Tremont 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/509450 

Receipt Date: 1 0-MAY-2019 

Filing Date: 15-JAN-2019 

Time Stamp: 10:51:09 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

2337431 

1 Non Patent Literature 061-EI-Shenawy_2016.PDF no 8 
53e90b76fb3055606b3557043576c99edc6 

SefbS 

Warnings: 
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Information: 

125399 

2 Non Patent Literature 062-Fewtrell_201 l .pdf no 6 
05808d5a2932bb3667339ff340e9f8e4e25f 

8ae7 

Warnings: 

Information: 

805423 

3 Non Patent Literature 063-Flora_201 0.pdf no 44 
0a 1489 5 ee683 786a2 7c979d62 92b23cfee8 

a3c7d 

Warnings: 

Information: 

99566 

4 Non Patent Literature 064-Fortenberry_2017.pdf no 6 
542eba0e2fe 7464692833a61353984Sfdc5~ 

5Sf6 

Warnings: 

Information: 

409218 

5 Non Patent Literature 065-Frey_2015.PDF no 5 
8658ca 1 d60c1 78Sc82758e4cffc73dbd 11 Sf 

a265 

Warnings: 

Information: 

1234285 

6 Non Patent Literature 066-Furst_ 1967.pdf no 11 
bfa64da0ac625abde0Sd0ca7cc5b881360a 

49b33 

Warnings: 

Information: 

1738089 

7 Non Patent Literature 067-Fusch_2009.pdf no 23 
372da8a8623 3 eS 6cc06Sd ed eda 71 ac96bfb 

f635 

Warnings: 

Information: 

192679 

8 Non Patent Literature 068-Ghirri_2014.pdf no 9 
28f996d46d3fee 7 e4a0a85 e614d 9c4092d c 

b81Sb 

Warnings: 

Information: 
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161339 

9 Non Patent Literature 069-Gura_201 0.pdf no 10 
OccS b9 5 b63 OSccO 196ae5 cd ed6b0f8e4 3 71 

3Sd3a 

Warnings: 

Information: 

168750 

10 Non Patent Literature 070-Gura_2006.pdf no 8 
711658aefb0d066d9be12cc9950Sba441 bd 

b8488 

Warnings: 

Information: 

216767 

11 Non Patent Literature 071-Hardy_2009.pdf no 10 
d7d6a76fc427d3Sd91 el 03eda4d43506c4d 

21510 

Warnings: 

Information: 

222056 

12 Non Patent Literature 072-Hardy _Abstract_ 1993.pdf no 1 
840d cS 99bcff1 5 9afc54a0e9 b0704 b630cd 9 

3421 

Warnings: 

Information: 

1461600 

13 Non Patent Literature 073-Harman_ 1984.pdf no 7 
71 d41 Sdeb98ee036241 050dc098e89dfa93 

5824f 

Warnings: 

Information: 

2208076 

14 Non Patent Literature 074-Heird_ 1988.pdf no 12 
e 7f4da48198bac23c60af06c64b29c3af3a8 

32eb 

Warnings: 

Information: 

144873 

15 Non Patent Literature 075-Hellstrom_2014.pdf no 1 
22bd926fb31Sf039b2ce348e98b0c1793cd 

d8Sb6 

Warnings: 

Information: 
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111326 

16 Non Patent Literature 076-Helms_ 1999.pdf no 4 
9e1 c301d64e87fac1280196398840bedd01 

e6c6d 

Warnings: 

Information: 

330818 

17 Non Patent Literature 
077-Hernandez-Sanchez_2013. 

no 9 
pdf 

cf72 7 c2c44f1 466fdf2b9644 5 25034a50ac3 t 
3da 

Warnings: 

Information: 

440602 

18 Non Patent Literature 078-Heyman_ 1986.pdf no 2 
d57a0c01 e 75f6c089e0Sa63fbec3221 e31 f2 

683e 

Warnings: 

Information: 

261570 

19 Non Patent Literature 079-Ho_2016.pdf no 6 
cefcaae84e81 fd4d 3f1 6a3 b2ff5a90a 1 09a52 

a85 

Warnings: 

Information: 

967649 

20 Non Patent Literature 080-Hu_2015.pdf no 6 
Sfbfe21 cl a4d9f9016dda724664987bfa4bb 

3400 

Warnings: 

Information: 

3575703 

21 Non Patent Literature 081-Hulst_2014.pdf no 44 
fe 11 e36e44e52d2ee6d 1 c827d3ae5a46bab 

b4c0a 

Warnings: 

Information: 

450148 

22 Non Patent Literature 082-Huston_2015.PDF no 12 
fOS da8fef5ac35 1403 0 bfabb00 b209 Sd 5301 

6906 

Warnings: 

Information: 
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106007 

23 Non Patent Literature 083-Huston_2017.pdf no 6 
bfc6e244da53eff1 d2489f604d 139df4e7ba 

14b 

Warnings: 

Information: 

193792 

24 Non Patent Literature 084-Huston_2014.PDF no 6 
65Sbeaf369a6c0178190b70fec1af11 d82df 

a2d6 

Warnings: 

Information: 

1151484 

25 Non Patent Literature 085-lshii_ 1993.pdf no 5 
ad2de59afb6151f6f59bd6e06674f3721 c23 

0659 

Warnings: 

Information: 

4283209 

26 Non Patent Literature 086-lshii_201 0.pdf no 11 
3dafd51 df4b2e6112647d51e055041 bb7dt 

1a624 

Warnings: 

Information: 

184906 

27 Non Patent Literature 087-Jadhav_2007.pdf no 11 
Sb7fe3169fe502249cad 1 a562d 1649c5ef1 3 

2d89 

Warnings: 

Information: 

215258 

28 Non Patent Literature 088-Janaky _2000.pdf no 9 
c5ae43598aae8f902b6aaf4ecee5aa4e5a8d 

Se9d 

Warnings: 

Information: 

1326354 

29 Non Patent Literature 089-Ji 2015.PDF no 8 -
1 a 9f4 b265 7 4 72 4a5 adf3 d 14df04ce9b63 e3 E 

8302 

Warnings: 

Information: 
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228308 

30 Non Patent Literature 090-John_2017.pdf no 2 
541643f4 797728da92ae8Sbdc8f3291056b 

076d8 

Warnings: 

Information: 

597005 

31 Non Patent Literature 091-Kartal_2008.pdf no 8 
f931 d427e848531d8f2dc79f0ef5870112c5 

8027 

Warnings: 

Information: 

366139 

32 Non Patent Literature 092-Kartal_2007.pdf no 6 
5 cb2b3 8a4044a546beec03 3 e34 71 b0094d 

772a5f 

Warnings: 

Information: 

319884 

33 Non Patent Literature 093-Kartal-Hodzic_2012.pdf no 60 
841053a841cfba914f344cc063158b83ea44 

ca41 

Warnings: 

Information: 

2440008 

34 Non Patent Literature 094-Klein_ 1989.pdf no 4 
eOd 5 e6be540 b4 78973 e99 b97 5 772 442d 6e 

c07fe2 

Warnings: 

Information: 

1315427 

35 Non Patent Literature 095-Klein_ 1989.pdf no 155 
57d7cc300ee36f1 0b7ecd841 0d056e5f2f34 

3754 

Warnings: 

Information: 

336831 

36 Non Patent Literature 096-Kolaric_2006.pdf no 7 
3b3eb3dc3b5Sa6d 128d42777372c24e3fa2 

21a63 

Warnings: 

Information: 

Eton Ex. 1002 
329 of 436



78316 

37 Non Patent Literature 097-Koletzko_2005.pdf no 7 
bbd 27 6aba6856a9 bd e6b4 7 dd a 7 b 1 d bffe 1 

9cb9e5 

Warnings: 

Information: 

1168701 

38 Non Patent Literature 098-Komura_ 1993.pdf no 5 
cdce467e67a 1 cd79912bb7a21876edc68d~ 

26f9d 

Warnings: 

Information: 

1358398 

39 Non Patent Literature 099-Koo_ 1986.pdf no 7 
b8b0d7279dd3ea57b61 eaa4bb536c6b0c2 

d3d2c0 

Warnings: 

Information: 

2155910 

40 Non Patent Literature 100-Laine_ 1991.pdf no 3 
4cce 1658d3f94587a8f14c0970fd01 54490e 

ease 

Warnings: 

Information: 

1511314 

41 Non Patent Literature 101-Lapillonne_2013.pdf no 8 
080d7ef622bc2a79237adb60e3fa4451906 

10b72 

Warnings: 

Information: 

830003 

42 Non Patent Literature 102-Larchet_ 1990.pdf no 5 
e80a73f2a6Se2b0245466487c04834f334b! 

b986 

Warnings: 

Information: 

353226 

43 Non Patent Literature 103-Lee_201 l .pdf no 23 
16f8ddef601 a0fa8eb6489ba02f49adf5899t 

a1f 

Warnings: 

Information: 
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732138 

44 Non Patent Literature 104-Lee_2012.pdf no 3 
104b10827eccc93b8af2d3be3d87e1 52c01 

e4479 

Warnings: 

Information: 

488869 

45 Non Patent Literature 105-Leung_2014.pdf no 14 
77a56e040f5a9889990ea4bd899594cdb52 

74039 

Warnings: 

Information: 

759860 

46 Non Patent Literature 106-Leyden_ 1967.pdf no 4 
b5288713c1 0cb904ef28Sf3af569f0278f899 

201 

Warnings: 

Information: 

297659 

47 Non Patent Literature 107-Li_2015.pdf no 6 
e4de5bccd87fcf26b698cb7fa8403c52f0cd( 

2d8 

Warnings: 

Information: 

160612 

48 Non Patent Literature 108-Look_2000.pdf no 7 
3a9cb211c5790d22e2b01 Sccc518ee0dda5 

22746 

Warnings: 

Information: 

240918 

49 Non Patent Literature 109-MacKay_2014.pdf no 5 
437c5f53ce4f8777743862426438682a5833 

d7de 

Warnings: 

Information: 

1014025 

50 Non Patent Literature 110-MacKay_ 1996.pdf no 4 
a0d5035030c2a21 d912e208f380Sb 13e 755 

ce6e8 

Warnings: 

Information: 
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1603871 

51 Non Patent Literature 111-Malloy_l 983.pdf no 4 
f1 8bc8d 169317651 856c6ed8943e21316c0 

c82ae 

Warnings: 

Information: 

131721 

52 Non Patent Literature 112-Malloy_l 982.pdf no 1 
3cb4bde9f43786749f0030df1 ac04a22a7ab 

e214 

Warnings: 

Information: 

7544367 

53 Non Patent Literature 113-Malloy_l 984.pdf no 5 
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ALSTON & BIRD LLP 

Bank of America Plaza 
101 South Tryon Street, Suite 4000 
Charlotte, NC 28280-4000 
Tel Research Triangle Area Office (919) 862-2200 
Fax Research Triangle Area Office (919) 862-2260 

Respectfully submitted, 

/bryan 1. skelton/ 

Bryan L. Skelton 
Registration No. 50,893 
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BENJAMIN J PACKARD 
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1612 
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7) ~ Claim(s) 1-22 is/are rejected. 

8) O Claim(s) __ is/are objected to. 

9) O Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

b)O Some** c)O None of the: a)O All 

1.0 Certified copies of the priority documents have been received. 

2.0 

3.0 

Certified copies of the priority documents have been received in Application No. __ . 

Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 16/248,460 
Art Unit: 1612 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Claim Rejections - 35 USC§ 112 - Enablement 

The following is a quotation of the first paragraph of 35 U.S.C. 112(a): 

(a) IN GENERAL-The specification shall contain a written description of the invention, and 

of the manner and process of making and using it, in such full, clear, concise, and exact terms as to 

enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to 

make and use the same, and shall set forth the best mode contemplated by the inventor or joint 

inventor of carrying out the invention. 

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and 

process of making and using it, in such full, clear, concise, and exact terms as to enable any person 

skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the 

same, and shall set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 1-22 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first paragraph, as 

failing to comply with the enablement requirement. The claim(s) contains subject matter which was not 

described in the specification in such a way as to enable one skilled in the art to which it pertains, or 

with which it is most nearly connected, to make and/or use the invention. 

To be enabling, the specification of the patent must teach those skilled in the art how to make 

and use the full scope of the claimed invention without undue experimentation. In re Wright, 999 F.2d 

1557, 1561 (Fed. Cir. 1993). Explaining what is meant by "undue experimentation," the Federal Circuit 

has stated: 

The test is not merely quantitative, since a considerable amount of experimentation is 

permissible, if it is merely routine, or if the specification in question provides a 
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reasonable amount of guidance with respect to the direction in which the 

experimentation should proceed to enable the determination of how to practice a 

desired embodiment of the claimed invention. PPG v. Guardian. 75 F.3d 1558, 1564 

(Fed. Cir. 1996).1 

Page 3 

The factors that may be considered in determining whether a disclosure would require undue 

experimentation are set forth by In re Wands, 8 USPQ2d 1400 (CAFC 1988) at 1404 where the court set 

forth the eight factors to consider when assessing if a disclosure would have required undue 

experimentation. Citing Ex pa rte Forman. 230 USPQ 546 (BdApls 1986) at 547 the court recited eight 

factors: 

1) the quantity of experimentation necessary, 

2) the amount of direction or guidance provided, 

3) the presence or absence of working examples, 

4) the nature of the invention, 

5) the state of the prior art, 

6) the relative skill of those in the art, 

7) the predictability of the art, and 

8) the breadth of the claims. 

These factors are always applied against the background understanding that scope of 

enablement varies inversely with the degree of unpredictability involved. In re Fisher, 57 CCPA 1099, 

1108, 427 F.2d 833, 839, 166 USPQ 18, 24 (1970). Keeping that in mind, the Wands factors are relevant 

to the instant fact situation for the following reasons: 

1. The nature of the invention, state and predictability of the art. and relative 

skill level 

The invention relates to chemical synthesis and purification. The relative skill of those in the art 

is high, that of an MD or PHO. That factor is outweighed, however, by the unpredictable nature of the 

1 As pointed out by the court in In re Angstadt, 537 F.2d 498 at 504 (CCPA 1976), the key word is "undue", not 
"experimentation". 
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art. As illustrative of the state of the art, the examiner cites Lima-Rogel et al ((2016), Aluminum 

Page 4 

Contamination in Parenteral Nutrition Admixtures for Low-Birth-Weight Preterm Infants in Mexico. 

Journal of Parenteral and Enteral Nutrition, 40: 1014-1020) and Hintz, et al ((2008), Aluminum Exposure 

From Pediatric Parenteral Nutrition: Meeting the New FDA Regulation. JPEN J Parenter Enteral Nutr, 32: 

242-246) which disclose while aluminum contamination is a known problem, it is unknown how to 

reduce the aluminum content of formulations. 

2. The breadth of the claims 

The claims are broadly drawn to a composition having claimed properties, but with no 

disclosure or limitations as to how those properties are achieved. 

3. The amount of direction or guidance provided and the presence or absence of working 

examples 

The specification provides no direction or guidance for practicing the claimed invention in its 

"full scope". No reasonably specific guidance is provided concerning useful protocols for carrying out the 

invention as claimed, other than the prophetic process at pg 51, which does not provide an explanation 

or evidence that the contamination content will be lower than already commonly present. The latter is 

corroborated by the working examples. 

4. The quantity of experimentation necessary 

Because of the known unpredictability of the art, and in the absence of experimental evidence, 

no one skilled in the art would accept the assertion that the instantly claimed agents could be 

predictably used as inferred by the claim and contemplated by the specification. Accordingly, the instant 
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Page 5 

claims do not comply with the enablement requirement of §112, since to practice the claimed invention 

in its "full scope" a person of ordinary skill in the art would have to engage in undue experimentation, 

with no reasonable expectation of success. Specifically, the only disclosure appears to be mixing L-

cysteine with minimum contaminates (see ex claim 22) but there is no disclosure how the compound is 

made pure or avoid impurities known in the art. Instant claim 21 suggests using reduced head space 

oxygen, but it is unclear how that will reduce contaminates already present. 

Claim Rejections - 35 USC§ 103 

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 

and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory 

basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and 

the rationale supporting the rejection, would be the same under either status. 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections 

set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is 

not identically disclosed as set forth in section 102, if the differences between the claimed invention 

and the prior art are such that the claimed invention as a whole would have been obvious before the 

effective filing date of the claimed invention to a person having ordinary skill in the art to which the 

claimed invention pertains. Patentability shall not be negated by the manner in which the invention 

was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ459 (1966), 

that are applied for establishing a background for determining obviousness under 35 U.S.C. 103 are 

summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 
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4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

Page 6 

While it is unclear how the invention is enabled as discussed above, it appears the two clear 

limitations are L-cysteine and low oxygen head space. As such, the following rejection is made of record 

to further prosection. 

Claims 1-13 and 15-22 is/are rejected under 35 U.S.C. 103 as being unpatentable over Sigma­

Aldrich product information, L-cysteine hydrochloride mononyhdrate (05/06) in view of Whiting et al 

(Journal of Food Protection, Vol. 55, No. 1, Pages 23-27, January 1992). 

Sigma-Aldrich discloses L-cysteine is soluble in water at 100 mg/ml. 

Whiting et al discloses it was known that oxygen in the headspace can allow outgrowth and 

toxin production. 

It would have been obvious to one of ordinary skill in the art to store the solution of Sigma-

Aldrich in an oxygen reduced atmosphere to reduce the chances of undesired reactions causing side 

products. 

While the references do not disclose the impurity content, given the disclosure is for the 

compound per se, it is reasonably expected that the impurity content is below the claimed amount 

where the disclosures above suggest the impurities come from combination products. 

With regards to the steps of claim 21, where the end result is reduced oxygen exposure, it would 

have been obvious to use an alternate gas when mixing to reduce the oxygen absorption during 

formulation. 

Claims 1 and 14 is/are rejected under 35 U.S.C. 103 as being unpatentable over Jalilehvand et al 

(lnorg. Chem., 2015, 54 (5), pp 2160-2170). 

Jalilehvand et al discloses lead in aqueous solution with L-cysteine (abstract). 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

Page 7 

should be directed to BENJAMIN J PACKARD whose telephone number is (571)270-3440. The examiner 

can normally be reached on Mon and Wed-Fri (8am-6pm). 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Frederick Krass can be reached on (571)272-0580. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained 

from either Private PAIR or Public PAIR. Status information for unpublished applications is available 

through Private PAIR only. For more information about the PAIR system, see http:/ /pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a US PTO Customer 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 
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RESPONSE TO OFFICE ACTION UNDER 37 C.F.R. 1.111 

In response to the Office Action dated June 19, 2019 ("Office Action"), Applicant 
respectfully submits: 

A Listing of the Claims beginning on page 2 of this paper; and 

Remarks beginning on page 7 of this paper. 
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Listing of the Claims: 

1. (Original) 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 wt¾ to about 2.0 wt¾ relative to L-cysteine; 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ 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 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. (Original) The composition of claim 1, wherein the composition is essentially free of an 

antioxidant. 

3. (Original) The composition of claim 1, wherein said Aluminum is present in an 

amount from about 1.0 ppb to about 200 ppb. 

4. (Original) The composition of claim 1, wherein said Aluminum is present in an 

amount from about 1.0 ppb to about 150 ppb. 

5. (Original) The composition of claim 1, wherein said Aluminum is present in an 

amount from about 1.0 ppb to about 100 ppb. 
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Arndt. dated September 6, 2019 
Reply to Office Action of June 19, 2019 

6. (Original) The composition of claim 1, wherein said Aluminum is present in an 

amount from about 1.0 ppb to about 50 ppb. 

7. (Original) The composition of claim 1, wherein said Aluminum is present in an 

amount from about 1.0 ppb to about 20 ppb. 

8. (Original) 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 from about 4.0 ppb to about 250 ppb. 

9. (Original) 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 20 mg/mL to about 70 mg/mL. 

10. (Original) 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. (Original) The composition of claim 1, wherein said L-cysteine or a 

pharmaceutically acceptable salt thereof and/or hydrate thereof is present in an amount of about 

37.5 mg/mL. 

12. (Original) The composition of claim 1, wherein said headspace oxygen is from about 

2.0% v/v to about 4.0% v/v. 

13. (Original) The composition of claim 1, wherein said headspace oxygen is from about 

3.0% v/v to about 4.0% v/v. 
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Appl. No.: 16/248,460 
Arndt. dated September 6, 2019 
Reply to Office Action of June 19, 2019 

14. (Original) The composition of claim 1, further comprising one or more heavy metals 

selected from the group consisting of Lead, Nickel, Arsenic and Mercury. 

15. (Original) 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-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 10 ppb to about 80 ppb; 

L-cystine in an amount from about 0.0.1 wt¾ to about 2.0 wt¾ relative to L­

cysteine; 

pyruvic acid in an amount from about 0.0.1 wt¾ to about 2.0 wt¾ 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 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, 

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, 

praline, serine, and tyrosine. 

16. (Original) The composition of claim 15, where said L-cysteine composition and said 

amino acid composition are present in the admixture at a ratio of from about 1 :50 to 1: 1000. 

17. (Original) 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; 
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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, praline, serine, and tyrosine; and 

Aluminum (Al) in an amount from about 10 parts per billion (ppb) to about 80 ppb. 

18. (Original) 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. (Original) The composition of claim 17, wherein said L-cysteine is present at about 

40 mg/g of total amino acid content. 

20. (Original) 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. (Currently amended) A method of preparing the composition of claim 1, comprising: 

Stirring Water for Injection, USP (WFI) in a vessel at a temperature ofNMT 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 ofNMT 30°C; 

Contacting under the Argon the WFI with L-Cysteine Hydrochloride, Monohydrate, USP 

(L-Cysteine) for [[NTL]] NL T 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 mixture into containers of use; 

Reducing head space oxygen in said containers of use; and 

Sealing said containers of use, wherein the dissolved oxygen in said containers of use is 

about 0.1 ppm to about 5 ppm. 
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Reply to Office Action of June 19, 2019 

22. (Original) A method of preparing a reduced Aluminum composition for 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 wt¾ to about 2.0 wt¾ relative to L­

cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ to about 2.0 wt¾ 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, praline, 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. 
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Appl. No.: 16/248,460 
Arndt. dated September 6, 2019 
Reply to Office Action of June 19, 2019 

REMARKS/ARGUMENTS 

Upon entry of the foregoing amendments, Claims 1-22 are pending and under examination 

in this application. 

Claim 21 is being amended to correct a minor clerical error where two letters were 

inadvertently transposed. The term "NTL" has been replaced with the term "NLT," which is a 

term of art used as an abbreviation for "not less than." No new matter is being added by this 

amendment. Applicant respectfully requests its entry. 

Based on the following remarks, Applicant submits that all of the claims are in condition 

for allowance. Accordingly, Applicant respectfully requests favorable reconsideration and 

issuance of a Notice of Allowance. 

I. Statement of the Substance of the Interview 

A web-based interview was conducted on August 28, 2019, in which Examiner Benjamin 

Packard, co-inventors Drs. Phanesh Koneru, John Maloney and Aruna Koganti, and Applicant's 

undersigned attorney Bryan Skelton participated. Applicant sincerely thanks Examiner Packard 

for taking time to discuss the issues. During the interview, the rejections set forth in the Office 

Action dated June 19, 2019, and the pending claims were discussed. Applicant explained some of 

the unexpected technical hurdles that it had to overcome, including the reduction of Aluminum 

levels, and having reached acceptable Aluminum levels, the identification of the problems of 

oxygen-susceptibility and stability. Applicant described the support for the claims as provided in 

the present specification, including the Examples. Examiner Packard and Applicant discussed the 

cited art and its reporting of the problem of Aluminum levels in known L-cysteine products. 

Examiner Packard and Applicant discussed potential allowability of the subject matter of the 

present claims after Applicant herein files its formal response to the Office Action. 

II. Response to Rejections Under§ l 12(a) 

Claims 1-22 stand rejected for allegedly failing to comply with the enablement 

requirement. Office Action, page 2. In the Office Action, several Wands factors are discussed. 

Office Action, beginning at page 3. Applicant respectfully traverses the rejection for the following 

reasons. 

The Office Action cites several art references and avers that while "aluminum 

contamination is a known problem, it is unknown how to reduce the aluminum content of the 
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formulations." Id at page 4. In this aspect, during the interview, Applicant discussed with 

Examiner Packard that the cited art reports on the problem at hand, which after many years was 

still unsolved prior to the present inventors' solution as described in the present application. 

However, turning to the text throughout the present specification, it sets forth that the present 

inventors addressed many variables and describes the factors that the present inventors used to 

overcome the Aluminum safety issues at hand, for example: "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 . 

Specification, page 6, lines 25-28. 

" Present 

The Office Action alleges that there is no disclosure or guidance to arrive at the claimed 

compositions. See, Office Action, pages 4-5, Items, 2, 3 and 4. The Office Action alleges that 

there is only "the prophetic process at pg 51, which does not provide an explanation or evidence 

that the contamination content will be lower than already commonly present." Office Action, page 

4. The Office Action alleges that experimental evidence is absent. Id, at page 4. 

Turning again to the present specification, the variables to be addressed and the factors 

used are described, inter alia, in the Examples beginning on page 61. Here, it is described to the 

person of ordinary skill how to make the claimed compositions as well as how unexpected 

technical issues and product failures were overcome. The Examples disclose at the very least: how 

to compound and fill representative L-cysteine compositions (Example 1, page 61); how lack of 

control for Aluminum leaching ultimately results in Aluminum levels that while lower than known 

products, are still deemed unacceptably high (levels that are outside the scope of the present 

claims)(Example 2, page 62); how plastic vials while achieving exceedingly low Aluminum levels 

unexpectedly result in unacceptable precipitate formation within one month (Example 3, pages 62-

63); and how to accomplish head space oxygen reduction using a lyophilizer (Example 4, pages 

63-68) or automated filling equipment (Example 5, pages 69-72). Further, in Example 6, the 

present specification provides additional experimental evidence in Table 18 on page 72, in the 

form of test data for purity and long-term stability of three batches compounded and filled by the 

processes taught in the present specification. The data in Table 18 and the Figures show that 

controlling for Aluminum and oxygen by the processes described in the present specification result 

in the lowest impurity profile obtained for the claimed compositions. 
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Having set forth how to make the claimed compositions through processes described in 

the present specification, Applicant has met the burden for enablement-whether any 

experimentation needed to practice the invention would be undue or unreasonable. In re Wands, 

858 F.2d 731, 737 (Fed. Cir. 1988); M.P.E.P. § 2164.01. In the present case, Applicant has done 

more than is required by actually performing the described processes and providing data, inter alia, 

in the Examples and Figures evincing the reduction to practice of the resulting compositions. As 

such, all of the present claims are enabled. Accordingly, Applicant respectfully requests withdrawal 

of the rejection. 

III. Response to Rejections Under§ 103(a) 

1. Claims 1-13 and 15-22 

Claims 1-13 and 15-22 stand rejected as allegedly being obvious over "Sigma-Aldrich 

product information" in view of Whiting, et al., Journal of Food Protection, 55, 1, pp. 23-27 

(January 1992). Office Action, page 6. Applicant respectfully traverses the rejection for the 

following reasons. 

The Office Action acknowledges that "the references do not disclose the impurity content 

... " and avers that "it is reasonably expected that the impurity content is below the claimed amount 

where the disclosures above suggest the impurities come from the combination products." Office 

Action, page 6. At the outset, Applicant respectfully disagrees that combining L-cysteine reagent 

grade as disclosed in Sigma-Aldrich product information with the teachings of Whiting, which 

discloses the effects of oxygen on formation of Clostridium botulinum toxin in a soy broth, would 

suggest ( or even implicitly disclose) a reasonably reliable or reproducible impurity content, let 

alone, each element of the present claims. Moreover, there is no evidence that prior to the present 

application, the person of ordinary skill would have looked at the Office Action's combination of 

references to achieve the claimed invention described, let alone, with a reasonable expectation of 

success. As discussed above in Section II, and for brevity not repeated entirely here, it was only 

after the present inventors addressed and overcame the problem of Aluminum that they were 

confronted with the problems of stability and precipitate formation. Put another way, the art did 

not know about the additional problems. As set forth in the present specification, the present 

inventors addressed and overcame those problems as well to arrive at the presently claimed subject 

matter. 
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For at least this reason a prima facie case of obviousness has not been established. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of the rejection. 

11. Claims 1 and 14 

Claims 1 and 14 stand rejected as allegedly being obvious over Jalilehvand, et al., Inorg. 

Chem., 54, 5, pp. 2160-2170 (2015). Office Action, page 6. Applicant respectfully traverses the 

rejection for the following reasons. 

The Office Action states that "Jalilehvand et al discloses lead in aqueous solution with L­

cysteine." Office Action, page 6. Applicant respectfully points out that according to MPEP § 

2143.03: "All claim limitations must be considered in judging the patentability of that claim 

against the prior art." (citing In re Wilson, 424 F.2d 1382, 1385 (CCPA 1970)). No evidence has 

been provided that the composition of Jalilehvand et al describes or suggests the pharmaceutically 

acceptable L-cysteine compositions presently claimed. 

For at least this reason a prima facie case of obviousness has not been established. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of the rejection. 

CONCLUSION 

For all the reasons above, each of the presently pending claims is in condition for 

allowance. Applicant respectfully requests favorable reconsideration. Should there be any issue 

that impedes allowance of a claim, the Examiner is invited to telephone the undersigned attorney 

so that the issue can be expeditiously resolved. 

It is not believed that extensions of time or fees for net addition of claims are required, 

beyond those that may otherwise be provided for in documents accompanying this paper. 

However, in the event that additional extensions of time are necessary to allow consideration of 

this paper, such extensions are hereby petitioned under 37 CFR § l.136(a), and any fee required 

therefor (including fees for net addition of claims) is hereby authorized to be charged to Deposit 

Account No. 16-0605. 
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(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

• APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3 

CLAIMS HIGHEST 

09/06/2019 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY z AMENDMENT PAID FOR w 
::iii: Total * 22 Minus ** 22 =0 X $ 100 = 0 C 137 CFR 1.16"ill 

z Independent *3 Minus *** 3 =0 X $460 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
AFTER PREVIOUSLY 

I- AMENDMENT PAID FOR z w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z /37 CFR 1.16/hll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( 

lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. SLIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /APRILL. WALKER/ 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the 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 FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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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 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

826 7590 10/03/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

APPLICATION NO. FILING DATE 

16/248,460 01/15/2019 

FIRST NAMED INVENTOR 

John Maloney 

EXAMINER 

PACKARD, BENJAMIN J 

ART UNIT 

1612 

DATEMAILED: 10/03/2019 

PAPER NUMBER 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

066859/509450 6641 

TITLE OF INVENTION: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 01/03/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

826 7590 10/03/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

APPLICATION NO. FILING DATE 

16/248,460 01/15/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

John Maloney 066859/509450 6641 

TITLE OF INVENTION: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

PACKARD, BENJAMIN J 1612 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

424-621000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 01/03/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: • Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. FILING DATE 

16/248,460 01/15/2019 

826 7590 10/03/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

FIRST NAMED INVENTOR 

John Maloney 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

066859/509450 6641 

EXAMINER 

PACKARD, BENJAMIN J 

ART UNIT 

1612 

DATEMAILED: 10/03/2019 

PAPER NUMBER 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the 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, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

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 may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information 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 whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in 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). 

5. 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. 

6. A record in this system of records may be 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)). 

7. A record from this system of records may be disclosed, 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 improvements in records management practices 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 any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, 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 be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in 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. 

9. 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 of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/248,460 
Examiner 
BENJAMIN J PACKARD 

Applicant(s) 
Maloney et al. 

Art Unit I AIA (FITF) Status 
1612 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to response filed 9/6/19. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. • Other __ 
of Biological Material . 

4.~ Interview Summary (PTO-413), 
Paper No./Mail Date. 1 pg (attached). 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190928 

Eton Ex. 1002 
419 of 436



Application/Control Number: 16/248,460 
Art Unit: 1612 

Reasons for Allowance 

Page 2 

The following is an examiner's statement of reasons for allowance: 

As noted by Applicants, while compositions with L-cysteine have been known in the art, the 

contaminant of aluminum hinders the further use of the product, especially for certain patient 

populations where the contaminant is beyond what is allowable for FDA approval. As such, Applicants 

have used multiple means disclosed in the specification and in the claims to achieve a composition 

which is far below the FDA demand, filling an unmet need which has been present for quite a number of 

years. Because each step taken independently did not demonstrate the desired result and there was no 

obvious reason to combine the steps actually taken, the product as claimed cannot be viewed as 

obvious. Instead the unexpected result is due to the Applicants unexpected findings resulting from 

testing combinations of theories with no expectation of success. 

Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to BENJAMIN J PACKARD whose telephone number is (571)270-3440. The examiner 

can normally be reached on Mon and Wed-Fri (8am-6pm). 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

Eton Ex. 1002 
420 of 436



Application/Control Number: 16/248,460 
Art Unit: 1612 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Frederick Krass can be reached on (571)272-0580. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained 

from either Private PAIR or Public PAIR. Status information for unpublished applications is available 

through Private PAIR only. For more information about the PAIR system, see http:/ /pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a US PTO Customer 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 
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Applicant-Initiated Interview Summary 

Application No. 
16/248,460 

Examiner 
BENJAMIN J 
PACKARD 

All participants (applicant, applicants representative, PTO personnel): 

(3) John Maloney. 

Applicant( s) 
Maloney et al. 

Art Unit 
1612 

AIA (FITF) Status 
Yes 

(1) BENJAMIN J. PACKARD. 

(2) Bryan Skelton. (4) Aruna Koganti and Phanesh Konery. 

Date of Interview: 28 August 2019. 

Type: D Telephonic ~ Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: ~ Yes D No. 
If Yes, brief description: Showed slides of the development process. 

Issues Discussed • 101 • 112 • 102 ~103 • Others 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-22. 

Identification of prior art discussed: art of record. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

We discussed the criticality of the aluminum impurity and what was required to lower the amount to the claimed range. 
We also discussed which steps were expected to reduce the contaminate, yet didn't, leading to unpredicatbility in the 
art .. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20190928 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 
132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any 
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out 
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of 
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior 
to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the 
Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
- Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
- An indication whether or not an exhibit was shown or a demonstration conducted 
- An identification of the specific prior art discussed 

An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless 
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the 
interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted,-
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on 

the Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed 

by the examiner. 
Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate, 

the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement 
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording 
the substance of the interview along with the date and the examiners initials. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

826 7590 10/03/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

APPLICATION NO. FILING DATE 

16/248,460 01/15/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

Bryan L. Skelton (Typed or printed name) 

/bryan I. skelton/ (Signature) 

October 4, 2019 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

John Maloney 066859/509450 6641 

TITLE OF INVENTION: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

PACKARD, BENJAMIN J 1612 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

424-621000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 01/03/2020 

1Alston & Bird LLP 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Exela Pharma Sciences, LLC 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Lenoir, NC 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual~ Corporation or other private group entity O Government 

4a. Fees submitted: ~Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

~ Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PT0-2038) 

~ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 16-0605 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /bryan I. Skelton/ 

Typed or printed name ~B~ry~a~n~L~. ~S~k~e~lt~o~n~-------------
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Page 2 of3 

0MB 0651-0033 
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Electronic Patent Application Fee Transmittal 
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Filing Date: 15-Jan-2019 
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STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF USE 

First Named Inventor/Applicant Name: John Maloney 

Filer: Bryan Lee Skelton/Laura Tremont 

Attorney Docket Number: 066859/509450 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 
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Sub-Total in 

USO($) 

Basic Filing: 
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Miscellaneous: 

Total in USO($) 1000 

Eton Ex. 1002 
433 of 436



Electronic Acknowledgement Receipt 

EFSID: 37365858 

Application Number: 16248460 

International Application Number: 

Confirmation Number: 6641 

Title of Invention: 
STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 
METHODS OF USE 

First Named Inventor/Applicant Name: John Maloney 

Customer Number: 826 

Filer: Bryan Lee Skelton/Laura Tremont 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/509450 

Receipt Date: 04-OCT-2019 

Filing Date: 15-JAN-2019 

Time Stamp: 10:51:11 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1000 

RAM confirmation Number E201904A53212644 

Deposit Account 160605 

Authorized User Laura Tremont 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

118893 

1 Issue Fee Payment (PTO-85B) 
509450_Issue_Fee_ Transmittal. 

no 1 
pdf 

Sa 161 e7ec9d5e7454f3caa447190633cdc6l 
b6d2 

Warnings: 
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30329 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
78de0ca5f6aad7129ba9808231 54ebc3eb0 

987a8 

Warnings: 

Information: 

Total Files Size (in bytes) 149222 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a 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 shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication 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/903 indicating 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/248,460 11/19/2019 

826 7590 10/30/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 

PATENT NO. 

10478453 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

066859/509450 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

6641 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

John Maloney, Salisbury, NC; 
Exela Pharma Sciences, LLC, Lenoir, NC 
Aruna Koganti, Lenoir, NC; 
Phanesh Koneru, Waxhaw, NC; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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