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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. Fl 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. 11 1(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, QC the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 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 nonprovisional 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). 

Signature/bryan I. Skelton/ Date October 28, 2019 

~~~~ voed) Bryan L. Skelton Practitioner 50893 
Reaistration 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. • 

0 •Total of 1 
fonns 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. 



Eton Ex. 1083 
4 of 220

PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork ReductK>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I STABLE, HIGHL y PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~ohn I l',1aloney I El 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City ~alisbury I State/Province I t,Jc I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 p/o Exela Pharma Sciences, LLC 

Address 2 1245 Blowing Rock Blvd 

City 11--enoir I State/Province I ~c 
Postal Code I ~8645 I Countryi I 1us 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El J\runa I t<oganti I El 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City ~enoir I State/Province I t,Jc I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 b/o Exela Pharma Sciences, LLC 

Address 2 1245 Blowing Rock Blvd 

City I ~enoir I State/Province I ~c 
Postal Code I ~8645 I Countryi I 1us 

Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B i=>hanesh I l<oneru I B 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

EFS Web 2.2.13 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

City I Jlvaxhaw I State/Province I ~ Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 b/o Exela Pharma Sciences, LLC 

Address 2 1245 Blowing Rock Blvd 

City I1-enoir I State/Province I ~c 
Postal Code I ~8645 I Countryi I Ius 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number )0826 

Email Address I I Add Email I I Remove Email I 

Application Information: 

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

Attorney Docket Number P66859/539011 I Small Entity Status Claimed • 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I~ I Suggested Figure for Publication (if any) 11 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

I 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

11 11 

Publication Information: 

• Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Pub I ish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

EFS Web 2.2.13 

.. 
.. 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~0826 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status tending I· I Remove I 
Application Number Continuity Type Prior Application Number 

Filing or 371 (c) Date 
(YYYY-MM-DD) 

I ~ontinualion of I· 16248460 ~019-01-15 

Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119{b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program {PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55{i){1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g){1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

EFS Web 2.2.13 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.13 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

066859/539011 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.13 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Applicant 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. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
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 Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I 

Person who shows sufficient proprietary interest 

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

H 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~xela Pharma Sciences, LLC 

Mailing Address Information For Applicant: 

Address 1 ~245 Blowing Rock Blvd 

Address 2 

City enoir State/Province NC 

Country I t-Js Postal Code 28645 

Phone Number Fax Number 

Email Address 

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

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 

I 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducttc>n 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Assignee ~ 
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. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. • 
Prefix Given Name Middle Name Family Name Suffix 

I I· I I I I I· 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 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. I Add I 

Signature: I Remove 

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 INITIAL filing of the application and either box A or B is not checked 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 must be 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, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO 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 ltbryan I. skelton/ Date (YYYY-MM-DD) 12019-10-28 

First Name ~ryan L. I Last Name I ~kelton Registration Number ~0893 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

EFS Web 2.2.13 
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PTO/AIAf14 (02-18) 
Approved for use through 11130/2020. 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 066859/539011 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I 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. 

EFS Web 2.2.13 
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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 pursuantto the Atomic Energy Act (42 U.S.C. 21 S(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 appl ication 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 USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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ST ABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF USE 

CROSS-REFERENCE TO RELATED APPLICA TION(S) 

This application is a continuation of US. Application No. 16/248,460, filed 

5 January 15, 2019, which is incorporated herein in its entirety by reference. 

10 

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 oftime. 

BACKGROUND 

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

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

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

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

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

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

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

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

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

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

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

supplementation can be desirable. 

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

providing L-cysteine compositions that facilitate the desired supplementation but 

25 with an exceptional safety, purity and stability profile. 

1 
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BRIEF SUMMARY 

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 

5 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 wt% to about 2.0 wt% relative to L

cysteine; 

10 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 0 2 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; 

15 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 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 10 mL to about 100 mL. 

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

cysteine composition for parenteral administration, comprising: 

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

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

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

25 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; 

2 
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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, 

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

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

about 0.1 ppb to 10 ppb, and Mercury from about 0.2 ppb to about 5.0 ppb; 

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

from about 10 mL to about 100 mL. 

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

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

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

15 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, 

methionine, tryptophan, alanine, arginine, glycine, proli ne, serine, and tyrosine. 

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

20 reducing Aluminum administration from a total parenteral nutrition regimen comprising 

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

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising: 

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

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

25 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, 

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

3 
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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. 

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

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

administration, comprising: 

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

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

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

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

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

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

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

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 preterm 

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

20 0.5 kilos to about 2.0 ki los. In another aspect, the subject is a pediatric patient that is of 

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

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

nutrition. 

25 

These and other aspects are more fu lly described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

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

demonstrate the effectiveness of the Head Space Reduction (HSR) cyc]e 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 

4 
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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. This demonstrates the specific phase of manufacturing at which and to the 

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

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

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

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

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

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

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

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

reduction. 

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

15 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 

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 

20 of vials from the batches. 

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

Example 4. 

DETAILED DESCRIPTION 

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

25 However, many modifications and other embodiments of the presently di sclosed subject 

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

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

5 
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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 

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, 

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

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

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

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

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

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

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

in their entirety. 

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

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

15 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 I year 

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

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

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

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

whereby the compositions unexpectedly comprise exceedingly low levels of Aluminum 

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

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

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

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

cystine generated by the manufacturing processes described herein. 

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

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 

6 
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oxygen in the headspace as wel l as certain heavy metals and certain ions that may leach or 

be extracted out of the container closure. 

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 

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

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

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

specifications for certain components. Products having such Aluminum levels would 

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

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

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

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

Additional efforts to identify the root cause for the product failure led to the finding 

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

15 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 

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, 

20 in addition to the stability issue to the product. 

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

smce Aluminum in solution may have a stabilizing effect. Consequently, removing 

Aluminum may have the unintended consequence of increased precipitation and product 

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

25 unexpected. 

Additionally, control ling heat in the process including during the compounding 

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

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

7 
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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. 

Some subjects that would be receiving L-Cysteine supplementation are, as 

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

5 infants that may be full term and are not underweight but are still candidates for treatment, 

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

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

cases, 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 

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

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

of these are introduced into drug products through manufacturing processes, 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 

15 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 

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 

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

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

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

and the drug substance as described herein fill that need. 

Thus, in summary, as desc,ibed herein, reducing aluminum drastically to extremely 

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

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

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

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

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

8 
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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. 

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 

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

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

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

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

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

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

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

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

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

in minimizing the Aluminum levels coming from L-Cysteine compositions so that when 

15 admixed with other ingredients ofTPN admixtures, the overall Aluminum levels could be 

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

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

levels determined to be safe. 

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

20 acid having a structure according to Formula I: 

(I) 

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 

25 fatty acids and faci litate production of cell membranes and protective covers of nerve 
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endings. Additionally, L-cysteine can be an important precursor for many proteins, such 

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

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

categorization of L-cysteine as a conditionally essential amino acid. Additionally, 

5 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 

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 

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

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

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

levels overtime. 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 

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

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

pyruvic acid within predetermined levels over time. 

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

compositions. Aluminum contamination and associated Aluminum toxicity can lead to a 

20 number of adverse conditions such as metabolic bone di sease, neurodevelopmental delay, 

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

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

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

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

25 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 

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 

10 
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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 than 10 ppb, or less than 5 ppb, or less than 1.0 ppb. Thus, 

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

5 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 

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

10 administration. 

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

nutrition include the following: Renal Insuffi ciency and lnfants: Renal elimination is a 

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

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

15 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 

weakened GI protective barrier. 

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

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

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

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

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

25 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 HCI 

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

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

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

11 
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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. 

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

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

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

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

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

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

10 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 

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 

15 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 

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. 

20 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. 

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 

25 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 

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 
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highlights the need to systemati cally reduce the amount of Al uminum in each product that 

will be incorporated into a TPN admixture. The current efforts are di rected to providing L

Cysteine compositions that offer exceedingly low Aluminum levels. 

One of the difficulti es with establishing dosing levels of L-Cysteine with an eye to 

5 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 termi nology has been used often blurring the boundaries among the patient 

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

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

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

minimizes AJuminum exposure during a TPN regi men. Following Table 1 shows a 

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

doses ofL-Cysteine. 

Table 1. Daily Dosage ofL-Cysteine 

L-Cystcine 

Protein• Dosage 

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

Preterm and term infants less Uian l monU1 3to 4 15 45 to 60 
ofage 

Pediatric patients 1 monU1 to less Uian 1 2 to 3 IS 30 to 45 
year of age 

Pediatric patients I year to 11 year s of age lto 2 IS 15 to 30 

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

Adults: Stable Patients 0.8 to l 5 4 to 5 

Adults: Critically Ill Patients 1.5 to 2 s 7.5 to 10 
' Protem ,s provided as ammo acids. When mfused mtrnvenously, ammo acids arc mernbolized and 111:IIIzed as the b111Jdmg blocks of 
protein. 

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

15 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 
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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. 

L-Cysteine Injection as presented herein in some embodiments contains no more 

5 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 

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 

10 (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 finaJ admixture 

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

However, with prolonged parenteral administration in patients with renal 

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

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

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

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

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

up to 24 weeks. 

20 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 

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 

25 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 

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 
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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 

show the Aluminum contribution from an L-Cysteine product as described herein and 

having a level of 120 ppb. 

5 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 Aluminwn 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 
Pretenn and 45 to 60 1.31 to 1.18 to 1.57 6.53 to 8.70 0.157 to 
term infants 1.74 0.209 
less than I 
month 
Pediatric 30 to 45 0.87 to 0.79to l.l7 4.35 to 6.52 0.1 to 0. 157 
patients l 1.31 
month to less 
than I yr 
Pediatric 15 to 30 0.44 to 0.40 to 0.79 2.18 to 4.35 0.053 to 0.1 
patients l yr 0.87 
to 11 yrs 
Pediatric 4 to 7.5 0.18 to 0.l l to0.20 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 to0.14 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) 
10 from an L-Cysteine Product with 900 ppb, 5,000 ppb, or 120 ppb of Aluminum 

Age 

Pretenn and 
tern, infants less 
than l month 

LEGAL02/39342004v l 

L-Cysteine Dose at 
(40 mg/ g AA) 

m /k /da mL/k /dav 
120 to 160 3.48 to 

4.64 

Aluminum 
Contribution 
from 900 

15 



Eton Ex. 1083 
28 of 220

Atty. Ref No. 066859/539011 

Pediatric 80 to 120 2.32 to 2.09to 3. l3 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 I 1.59 0.14 to 0.28 
patients 1 yr to 2.32 
11 yrs 
Pediatric l0.66 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 l0.66 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 0.49to0.70 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-Cystei.ne 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 l 0 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 
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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 
ISmg/gAA from 20 ppb from 50 ppb from 120 ppb from ISO ppb 

oroduct oroduct oroduct 
mg/kg/day mcg/kg/dav mcg/kg/day mcg/k:g/day mcg/kg/day 

Preterm 45 to 60 0.026 to 0.065 to 0. 157 to 0.I95to 
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 
vr 
Pediatric 15 to 30 0.009 to 0.022 to 0.053 to 0.066 to 
patients I 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 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 

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 

10 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. 

17 
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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-

5 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 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 

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

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

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

In some embodiments, a method of safe administration of L-Cyste1ne comprises 

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

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

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

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

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

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

20 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 ofL-Cysteine and from about 0.003 to about 

0.04 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 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-

18 
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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. 

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 

5 mg/mL L-Cysteine product when being dosed at 40 mg/g of Amino Acids. 

10 

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-Cysteiue Aluminum Aluminum Aluminum Aluminum 
Dose at 40 Contribution Contribution Contribution Contribution 
mg/gAA from 20 ppb from SO ppb from 120 ppb from 150 ppb 

product product product 
mg/lrn:/day mcg/kg/day mcg/kg/day mcg/kg/day mcg/kg/dav 

Preterm 120 to 160 0.07 to 0.09 0. 175 to 0.42 to 0.56 0.525 to 0.7 
and tem1 0.233 
infants less 
than I 
month 
Pediatric 80 to 120 0.047 to 0.117 to 0.28 to 0.42 0.35 to 
patients I 0.07 0. 175 0.525 
month to 
less than 1 
vr 
Pediatric 40 to 80 0.023 to 0.058 to 0.14to0.28 0.175 to 
patients I 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 0.017to 0.04 to 0.05 to 
Stable 13.33 0.008 0.02 0 047 0.059 
Patients 
Adults: 18.7 to 0.01 l 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. ln some embodiments, parenteral L-Cysteine 
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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 

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

5 of Aluminum. 

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

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

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

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

10 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 

15 administering to preterm and term infants of less than I 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 

20 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 

25 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 

20 
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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 

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

Cysteine composition that delivers 18 to 28 mg/kg/day of L-Cysteine and from about 0.01 

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

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

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

10 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 

15 wi ll 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. 

20 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 

25 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. 

21 
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The term "prophylaxis" or "prophylactic" refers to the continued absence of 

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 

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

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

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

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

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

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

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

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

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

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

15 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 

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

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

20 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 

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 

25 "therapeutically or nutritionally effective amount" may be dependent in some instances 

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

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

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

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

22 
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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 

and response to treatments may make the achievement of therapeutic or nutritional effects 

5 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, 

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

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

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

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

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

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

15 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 

"substantially free of' an ingredient or element may still actually contain such component 

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

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

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

The terms " treat" and " treatment" refer to both therapeutic treatment and 

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

25 (lessen) an undesi red 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, 

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

The term "pharmaceutically acceptable salts" denotes salts which are not 

biologically or otherwise undesirable. Pharmaceutically acceptable salts include both acid 

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

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

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

10 The phrase "pharmaceutically acceptable salt," as used herein, refers to pharmaceutically 

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

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

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

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

15 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 

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

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

hours. It should be recognized that the single-use container is generally preservative-free 

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

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

25 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 

or allowing to admix, mix, blend, stir and the like. 
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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 

5 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. 

1 o n. Compositions 

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

cysteine composition for parenteral administration, comprising: 

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

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

15 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; 

20 a pharmaceutically acceptable carrier, comprising water; 

headspace 0 2 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 

25 manufacture when stored at room temperature; 

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

from about l O 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: 
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L-cysteine or a pharmaceuticaJly 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-

S 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 0 2 that is from about 0.5% to 4.0% from the time of manufacture to 

10 about 1 month from manufacture when stored at room temperature; 

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

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

manufacture when stored at room temperature; 

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

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

from about 0.1 ppb to 10 ppb, and Mercury from about 0.2 ppb to about 5.0 ppb; 

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

from about 10 mL to about 100 mL. 

The Aluminum in a composition can be determined using any known 

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

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

in the compositions is present in an amount from about 1 0 ppb to about 250 ppb, or from 

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

ppb to about 160 ppb, or from about l .0 ppb to about 150 ppb, or from about 1.0 ppb to 

25 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 

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

1.8 million units of L-Cysteine to l 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 

5 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 

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

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

10 and Aluminum are at a ratio of about 140,000:1 (i.e., about 140,000 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 35 million:1 (i.e., about 35 million units of L-Cysteine to 1 unit of Aluminum) to 

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

15 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., 

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

Cysteine and Aluminum are at a ratio of from about l.8 million: l (i.e., about 1.8 million 

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

20 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:l (i.e. , about 700,000 units ofL-Cysteine 

to I 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 

25 about 230,000:1 (i.e., about 230,000 units ofL-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 I unit of Aluminum) to about 170,000: l (i.e., about 

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 
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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 

measure is nanograms. For example, in some embodiments the L-Cysteine and Aluminum 

5 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:] nanograms (i .e., about 1.8 

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

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

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

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

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

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

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

In certain embodiments, the compositions comprise Aluminum in an amount not 

15 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 AJumjnum from the 

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

from about l.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 

20 compositions comprise Aluminum in an amount not more than 200 ppb after storage at 

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

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

100 ppb of Aluminum from a cap of the container, from about 1. 0 ppb to about 100 ppm 

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

25 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 
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cap of the container, from about 1.0 ppb to about 100 ppm of Aluminum from the L

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

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

0. 1 ppm to about 5.0 ppm, or from about 0.10 ppm to about 4.0 ppm, or from about 0. I 0 

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 1 month from time zero. 

10 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 I 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 ofL-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 ofL-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 

about300 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 li fe 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 l 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 VI0-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 ofUV rays and heat. Because it is a spray-on coating applied to molded closures 

before the trimming process, B2-Coating can be applied at various levels on the bottom 

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 

10 contribution to Aluminum levels in the drug product. 

In certain embodiments the Aluminum contribution from the stopper may range 

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

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

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

15 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 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 1 

25 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 l ppb to 

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

about 1 ppb to 5 ppb. In certain embodiments, the contribution could be in subranges within 
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the above ranges, for example, from about 35 to 55 ppb, or from about 75 to about 140 

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

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

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

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

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

ppb, from about 1 ppb to about 4 ppb, from about 1 ppb to about 3 ppb, from about 1 ppb 

to about 2.5 ppb, from about 1 ppb to about 2 ppb, from about 1 ppb to about l .5 ppb. In 

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

10 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 

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

Advantageously, in certain embodiments, the compositions maintain cystine levels 

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

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

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

20 an undissolved particle. 

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

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

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

storage at ambient temperature for a period of6 months. In certain embodiments, cystine 

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

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

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

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

embodiments, cystine is present in the composition in an amount not more than 0.4 wt% 
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relative to L-cysteine after storage at ambient temperature for a period of 6 months. In 

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

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

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

5 0.2 wt% relative to L-cysteine after storage at ambient temperature for a period of 6 

months. In certain embodiments, cystine is present in the composition in an amount not 

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

of6 months. 

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

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

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

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

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

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

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

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

in an amount from about 0.005 wt% to about 0.5 wt% relative to the amount 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 wt% to about 1.0 wt% relative to the amount of 

20 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 

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. 

25 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 

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 
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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 

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 

5 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 

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. 

10 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 of6 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 of3 months. In certain embodiments, pyruvic acid can 

15 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 

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 

20 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 

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 

25 a limit of quantitation using a standard testing procedure, such as a validated test method 

for detecting pyruvic acid. 

As di scussed 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-
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Cysteine for potentially longer periods, and their main source of L-Cysteine is through 

parenteral administration, careful consideration should be given to exposure to other 

potentially unsafe compounds that may leach out of the container or stopper in amounts 

greater than what are considered safe limits. Examples include certain volatile compounds, 

5 certain heavy elements, and certain anions. 

Daily acceptable limits are known for these potentially unsafe compounds. 

However, because the L-Cysteine Injection is used to infuse into preterm and term infants 

and those elderly that are critically ill will compromised renal functions, and sometimes 

for periods that exceed more than a few days, just meeting the daily acceptable limits may 

10 not be sufficient. Every effort must be made to reduce the levels to as low as practicable. 

15 

The L-Cysteine compositions presented herein provide in some embodiments about one

half of the daily acceptable limits; in some embodiments, about one-fourth of the daily 

acceptable limits; in some embodiments, about one-fifth of the daily acceptable limits; in 

some embodiments, about one-sixth of the daily acceptable limits. 

The anions that are desirable to control are: Iodide and Fluoride. The acceptable 

limit for Iodide is about 20 ppm or less. The acceptable limit for Fluoride is about 30 ppm 

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

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 

20 24 months, when stored under Room Temperature Conditions. In some embodiments, the 

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

embodiments, from about 1.0 ppm to about 15 ppm; in some embodiments, from about 1.0 

ppm to about 10 ppm; and in some embodiments, from about 1.0 ppm to about 5 ppm. In 

some embodiments, the L-Cysteine compositions provide from about 1.0 ppm to 20 ppm 

25 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 

Example 8. 
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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 

5 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 

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

10 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. 

Therefore, in one aspect, the L-Cysteine compositions presented herein have further 

15 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 forNickel, and 174 ppb for Arsenic. 

The L-Cysteine compositions described herein provide from about l ppb to 10 ppb 

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

20 from about l 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. 

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

25 from about 0.1 ppb to IO 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-li fe of 6 months, or 12 months, or 18 months, or 24 

months, when stored under Room Temperature Conditions. 
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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, 

5 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 

10 about 50 ppb; in some embodiments, from about 0.1 ppb to about 40 ppb; in some 

embodiments, from about 0.1 ppb to about 30 ppb; in some embodiments, from about 0.1 

ppb to about 25 ppb; or in some embodiments from about 0.1 ppb to about 20 ppb; in some 

embodiments, from about 0.1 ppb to about 15 ppb; in some embodiments, from about 0.1 

ppb to about lO ppb; or in some embodiments, from about 0.1 ppb to about 5.0 ppb, when 

15 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 

out amount of Arsenic, Mercury, Lead, and Nickel combined from the stopper is 100 ppb 

20 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 

Quantitation (LOQ). In those instances, for purposes of this disclosure and claims made 

25 herein, the compositions may be considered to contain the lowest level described in the 

preceding paragraphs. For example, when Arsenic is determined to be below the LOQ, the 

Arsenic amount may be considered to be at 0.1 ppb. Therefore, all such instances where 

the compositions show amounts below the LOQ are within the contemplation of this 

disclosure. 
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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 

5 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 

10 manufacture ("tine zero" data point), or during and up to 1 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 

space oxygen levels within a sealed container ofL-Cysteine compositions described herein 

15 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 

I eve! s may t1 uctuate from one ti me point to another in terms of absolute numbers. However, 

20 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, 

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

25 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, 15-months, 18-

months, and 24 months. 

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

appropriate measure to evaluate the stability of the L-Cysteine compositions herein. For 
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example, the totaJ 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 

5 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 a n inert gas. In 

10 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 

15 gas overlay and vacuum operation) is considered one pulse when both steps are used 

together. A typicaJ 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 

20 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 detai l in Examples 1 and 

4. Alternatively, a more automated process that was developed by the current inventors is 

25 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 

TRA V ASOL ® and TRA V ASOL E ®. 
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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 

5 essentially free ofL-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, proline, serine, and tyrosine. 

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

TPN composition for infusion, comprising: 

10 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 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; 

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

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

arginine, glycine, proline, serine, and tyrosine; 

a pharmaceutically acceptable carrier, comprising water, 

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

20 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 

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

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

proline, serine, and tyrosine. In certain embodiments, the composition 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. 
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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 

5 ranges of 15-40 mg of L-Cysteine per gram of amino acids. See, for example, Tables 1-2 

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

dosed and administered in a fashion, i.e., amounts, concentrations, schedules, course, and 

vehicles, consistent with good medical practice. The "therapeutically and nutritionally 

effective amount" of the compound to be administered will be governed by such 

10 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. 

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

ammo acids are essentially free of dextrose. However, in certajn 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. 

20 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 

25 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 
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combination thereof. In some specific examples, L-cysteine can be included in the L

cysteine composition for injection as L-cysteine hydrochloride monohydrate. 

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

L-cysteine composition for injection, comprising: 

5 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 

10 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 

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 

15 than 4.0% and dissolved oxygen from about 0.1 ppm to about l ppm. Other trace 

components or excipients do not materially affect the basic and novel characteristics of 

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

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

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

20 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 specifical ly about the 

25 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 
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label, the labeling associated with the L-Cysteine product may have the same description 

of AJuminum. 

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 

5 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 AJuminum 

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 AJuminum 

content of a TPN preparation using that specific L-Cysteine vial that the Aluminum levels 

10 are at 120 ppb so that, even if the actual amount is lower than the 120 ppb in the product, 

they err on the conservative side. This is the custom in the pharmaceutical industry 

developed and practiced to safeguard the health of patients. If indeed the label is intended 

to convey with certainty that the actual Aluminum level is zero ppb, the label then would 

state that fact or indicate that the product is free of Aluminum. 

15 Similarly, any numerical value expressed as "less than" is intended to convey that 

the value is below that certain numerical value, including, as the case may be zero. For 

example, when it is stated herein that Aluminum levels are less than about 20 ppb, it is 

understood that in some embodiments the Aluminum can be, but not necessarily in all 

cases, anywhere from zero to about 19 ppb. It is also understood that this may, but not 

20 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 AJuminum (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 

10 (for AJuminum) or 0.001 (for Cystine or Pyruvic acid), or 1.0 ppb (for elements) or 1.0 

25 ppm (for iodide or fluoride). Unless an actual analysis is made of the product and a specific 

number is determined, there is no certainty of the actual value. The US FDA does not 

require this precision in the labeling on a product-by-product or even batch-by-batch 

because that is impracticable in a commercial supply chain setting for drug products. 
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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 

Aluminum amounts for purposes of preparing parenteral nutrition products the artisan 

5 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. 

As mentioned above, the L-cysteine compositions for infusion may optionally be 

mixed with pharmaceutically acceptable excipients, also described in Remington's 

IO 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 wi ll typically be overseen by a 

15 licensed medical professional, who may recommend a pH outside of the ranges recited 

herein under certain circumstances. Additionally, the diluted L-cysteine composition for 

infusion can typically have a tonicity of from about 250 milliosmoles/liter (mOsmol/L) to 

about 1,000 mOsmol/L, or more, or of from about 350 mOsmol/L to about 4 75 mOsmol/L. 

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

20 typicall y be overseen by a licensed medical professional, who may recommend a tonicity 

outside of the ranges recited herein under certain circumstances. 

ill. Methods 

The subject matter described herein is directed to methods of treating a subject 

having an adverse health condition that is responsive to L-cysteine administration. The 

25 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 

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

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

pharmaceutically acceptable salt thereof and/or hydrate thereof comprising: 

AJuminum 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-

10 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, 

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

20 

a pharmaceutically acceptable carrier, comprising water, 

to form a com position for infusion of about 1 00 mL to about l 000 mL, 

wherein the Aluminum provided in said parenteral nutrition regimen is from about 

1-2 to about 4-5 micrograms/kg/day. 

In certain aspects, the compositions and methods described herein are directed to 

methods of administering L-Cysteine together with a composition for parenteral nutrition, 

comprising: 

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

parenteral nutrition composition to form a mixture; and 

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

therapeutically and/or nutritionally effective dose. In one aspect, the subject is a neonatal 

weighing less than 2 kilos. In another aspect, the subject is a pediatric patient that is from 

about 0.2 kilos to about 20 ki los. In another aspect, the subject is an adult requiring 

parenteral nutrition. 
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In certain embodiments, the subject matter described herein is directed to a method 

of reducing Aluminum administration from a parenteral nutrition regimen comprising L

cysteine, comprising: 

administering to a subject a composition comprising L-cysteine or a 

5 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 wt% relative to L-

10 cysteine; 

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

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

arginine, glycine, proline, serine, and tyrosine, 

a pharmaceutically acceptable carrier, comprising water, 

15 wherein, the amounts are about 100 mL to about 1,000 mL, 

wherein the Aluminum administered to said subject is reduced compared to 

administration ofa standard parenteral composition comprising L-cysteine and Aluminum 

at a range of from about 900 ppb to about 5,000 ppb. 

In certain embodiments, the methods provide that the reduction in the amount of 

20 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 AJuminum. The 

relative reduction in Aluminum can be up to 90%, up to 80%, up to 70%, up to 60%, up to 

50%, up to 40%, up to 30%, up to 20%, up to 10%, or up to 5%, as compared to the amount 

of Aluminum administered with a L-cysteine composition having more than 500 ppb 

25 Aluminum, or more than 250 ppb Aluminum. In certain embodiments, the reduction 

occurs over the span of a day, a week, a month or the duration of the TPN regimen. 

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

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

administration, comprising: 
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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 di luted L-cysteine composition for infusion to a subject to provide a 

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

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

In certain embodiments, the method of treating a subject having an adverse health 

condition that is responsive to L-cysteine administration further comprises, before the 

diluting step, admixing the stable L-cysteine composition with an amino acid solution, such 

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

10 intravenous fluid the stable L-cysteine composition admixed with an amino acid solution, 

wherein the fl uid comprises dextrose. 

In certain embodiments, the adverse health condition is the lack of a necessary 

enzyme in the trans-sulfuration pathway that converts methionine to L-cysteine. Other 

adverse health conditions include inadequate absorption resulting from short bowel 

15 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 feedi ng are not an 

option. 

For most preterm infants, the administration should be considered as a short-term 

20 bridge to provide nutritional support until full enteral nutrition can be provided. Such 

instances include: Immediately after bi rth, to provide essential nutrition as enteral feeds are 

commenced and advanced, and/or during periods of acute gastrointestinal malfunction ( eg, 

due to septic ileus or necrotizing enterocolitis). 

In certain embodiments, the administering is a single daily dose, or multiple daily 

25 doses, or is administered in accordance with a TPN regimen, for example, the dosing can 

be over a day, several days, a week or several weeks, a month or several months. 

In certain embodiments, the subject is an infant or pre-term infant from newborn 

until about 6 months of age. As presented in Tables l and 2 above, the subjects can be 
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from a pre-term infant to an adult that is in need of L-Cysteine supplementation. Thus, the 

subject can be a subject " in need of' the methods of described herein, for example, in need 

of the therapeutic effects or prophylactic benefits of the methods. In certain embodiments, 

the subject is a subject in need of a total parenteral nutrition (TPN) regimen. 

In certain embodiments, the intravenous fluid is selected from the group consisting 

of isotonic sal ine, 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 

10 administered via intravenous infusion. The selection of administration rate and site of 

infusion (i.e., via a peripheral or central vein) are within the ordinary skill in the art of 

medicine, pharmaceutical, nursing, and nutritional sciences. 

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

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

15 dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate thereof can 

be from about 0.01 mg to about 2.0 mg L-cysteine. Again, therapeutically effective doses 

can depend on whether the patient is a pediatric patient or an adult patient. For example, 

for preterm or term infants less than 1 month of age, the therapeutically effective dose is 

about 45 to 60 mcg/kg/day. For pediatric patients 1 month to less than 1 year of age, the 

20 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 

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

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

25 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 

dosing regimen can include daily administration of the diluted L-cysteine composition. In 
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other examples, the therapeutically effective dosing regimen can include twice-daily 

administration of the di luted 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 

5 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 

10 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 

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

thereof. 

20 

25 

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 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; 
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Filling said mixed liquid into individual single use containers; 

Reducing head space oxygen to about 5.0% to 0.5% and sealing said containers 

wherein the dissolved oxygen in the container is about 0.1 ppm to about 5 ppm. 

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

5 specific embodiments: 

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

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

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

AJuminum (Al) in an amount from about 1.0 parts per billion (ppb) to about 250 

10 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; 

15 a pharmaceutically acceptable carrier, comprising water; 

headspace 0 2 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 l month from 

20 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. 

25 3. The composition of embodiment l 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 AJuminum is present in an 

amount from about 1.0 ppb to about 180 ppb. 
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5. The composition of embodiment l, 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. 

5 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 

10 present in an amount from about 1 .0 ppb to about 100 ppb. 

10. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, wherein said 

Aluminum is present in an amount from about 1.0 ppb to about 50 ppb. 

11 . The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11 , wherein said 

Aluminum is present in an amount from about 1.0 ppb to about 20 ppb or from about 1.0 

15 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 

20 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 

25 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. 
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17. Thecompositionofembodimentl,2,3,4,5,6, 7,8, 9, 10, 11 , 12, 13, 14, 15orl6, 

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 

5 2.0 ppm. 

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, 

10 17, 18 or 19, wherein the composition has been stored at room temperature. 

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

17, 18, 19 or 20, wherein the storage is for 1 year 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. 

15 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 phannaceutical ly 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, 

20 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. 

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

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

with Si02. 

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

17, 18, 19, 20, 21, 22, 23, 24, 25 or 26, essentially free of cystine precipitate. 
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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. 

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

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the 

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

a period of 3 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 

10 from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from 

the L-cysteine, and from about I. 0 ppb to about 20 ppb of Aluminum from the water. 

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

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the 

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

15 a period of 6 months or less, said Aluminum comprising, from about 0 ppb to about 100 

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

from stopper for the container, from about 1.0 ppb to about 100 ppm of Aluminum from 

the L-cysteine, and from about 0 ppb to about 20 ppb of Aluminum from the water. 

31. The composition of 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 the Aluminum is present in the 

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

a period of 9 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 

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

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

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein the Aluminum is present in the 

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

a period of 12 months or less, said Aluminum comprising, from about 1.0 ppb to about l 00 

30 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 AJuminum 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 

5 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. 

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

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition 

in an amount not more than 1 wt% relative to L-cysteine after storage at ambient 

10 temperature for a period of 9 months or less. 

35. The composition of embodiment 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, II , 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. 

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

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28, wherein cystine is present in the composition 

in an amount of about 0.3 wt% relative to L-cysteine after storage at ambient temperature 

for a period of 9 about months. 

37. The composition of embodiment I , 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 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 

25 composition in an amount not more than 1 wt% relative to L-cysteine after storage at 

ambient temperature for a period of9 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 

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

5 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 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, 

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 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 

15 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, 

20 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%. 

25 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 v ial, headspace 

30 oxygen in an amount of less than 0.2%. 

57 
LEGAL02/39342004vl 



Eton Ex. 1083 
70 of 220

Atty . Ref No. 066859/539011 

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 

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

of a composition ofL-Cysteineofembodiments 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 , 12, 13, 14, 

15, 16, 17, 1~ 1~2~21 , 22, 23, 24, 25, 2~2~28, 29, 3~31 , 32, 33, 34, 35, 3~37, 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 

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

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

51 . The stable composition for infusion of embodiment 50, wherein the composition of 

L-Cysteine is the composition of embodiment 1, 12 or 28. 

52. The stable composition for injection of embodiment 50 or 51 , wherein the 

15 Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 100 ppb. 

53. The stable composition for injection of embodiment 50, 51 or 52, wherein the 

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 50.0 ppb. 

54. The stable composition for injection of embodiment 50, 51 , 52 or 53, wherein the 

Aluminum is present in an amount from about 1.0 parts per billion (ppb) to about 30.0 ppb. 

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

comprising a sugar. 

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

wherein the sugar is dextrose. 

57. A method of reducing Aluminum administration from a parenteral nutrition 

25 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. 
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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%. 

5 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-

10 cysteine; and 

pyruvic acid in an amount from about 0.001 wt¾ 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, 

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

a pharmaceutically acceptable carrier, comprising water, 

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

wherein the Aluminum provided in said parenteral nutrition regimen is from about 1-2 to 

about 4-5 micrograms/kg/day. 

20 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 

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 

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 

30 composition results in a daily dosage of Aluminum from about l mcg/kg/day to about 4 
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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, 

5 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 

10 from about 1 mL/min to about 10 ml/min. 

66. The method of embodiment 61, 62, 63, 64 or 65, wherein the therapeutically 

effective dose of L-cysteine or a pharmaceutically acceptable salt thereof and/or hydrate 

thereof is an amount from about 50 mg to about 1200 mg. 

67. The method of embodiment 61, 62, 63, 64, 65 or 66, wherein the therapeutically 

15 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 

20 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 

25 regimen. 

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

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

60°C; 

Contacting the stirring WFI with Argon until the dissolved oxygen is NMT I ppm; 
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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 di ssolved oxygen is NMT 1 ppm; 

5 Adjusting the pH to about 1.8 with concentrated Hydrochloric Acid, NF and/or 5.0 

10 

15 

N Sodium Hydroxide, NF; 

Nlixing 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 foHowing exarnples are intended to illustrate, but not limil, 

various aspects of the compositions and methods described herein. 

Examples 

Example 1 

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

Compounding 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 

20 water temperature ofNMT 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 di ssolved oxygen was NMT 1 ppm; then 

the mixing bag was allowed to cool to a temperature ofNMT 30°C. 
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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-

5 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 

10 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. 

15 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 

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

20 holding bag. 

Example2 

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 

25 Schott Type 1 USP glass. The glass was a standard glass of pharmaceutical quality but 

was uncoated. The product was put on stability and was monitored for impurities, 

particulates, and Aluminum. The product was quite stable for all the time points tested up 

to 12 months. There were no unacceptable particulate counts. 
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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 l.306 ppb 

XMHHl610 199 ppb 748ppb 1,374 ppb 

XMHH1611 230 ppb 726 ppb 1,04+ ppb 

Example 3 

L-Cysteine Injection in Plastic Vials 

L-Cysteine injection was compounded as per Example I. 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 

10 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* 

XMHG1700/ 10 mL COC Passing Failed Visual, Failed Visual, 
vial particulates oarti cul ates 
XMHGl 701/ 10 mL COC Passing Failed Visual , Failed Visual, 
vial particulates particulates 
XMHG1702/ 10 mL COC Passing Failed Visual , Failed Visual, 
vial particulates particulates 

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

are shown below. 
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Table 8. Aluminum Levels 

Time Point Lot XMHG 1700 Lot XMEIG 1701 Lot XMBG 1702 

Time Zero l.ru?h ~ l.ru?h 

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

due to unacceptably high particulate count. 

Example4 

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 detem1ine headspace oxygen reduction conditions. The product was 

10 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 Iyo for Head Space reduction as part of 

the study. 

15 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 

20 post head space reduction. Additionally, fill hold samples representing the maximum 

exposure during the fi lling step were analyzed for the dissolved oxygen and Head Space 

Oxygen Analysis. 
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The sampling and testing that was performed per the study is shown in Table 9. 

Samples were collected throughout the manufacturi ng process to determine the impact of 

critical process parameters on its predetennined critical quality attribute. 

Table 9: Sampling and Testing Methodology 

0 1ieration 
Sam1i lc Testing Accc11tancc 

Location/Qu:mtity Requirements Criteria 

The bulk solution was mixed under 
Argon overlaying. Measmc and record 
final solution weight, solution 

Dissolved 
Compounding 

temperature, solution pH, and dissolved Dissolved 
Oxygen < I 

oxygen. Oxygen 
ppm 

Measure and record the final dissolved 
OJ.'Vgen. 
For Load A [Trays I - 4, 17 - 20] use 
forceps to remove fom (4) filled vials 

Dissolved 
Filling 

from each tray as it is filled Fully seat Dissolved 
Oxygen 

the stoppers of tJ1e removed filled vials Oxygen 
immediately after removal and then 

=Report Value 

label vials appropriately 
As Tray l is loaded into the Lyo, using 
forceps, carefully remove 20 vials from 
the appropriate locations. Do not fully 
stopper U1c vials. Mark the vials ·'Fill 
Hold" 

Similarly, after Tray 2 1 has been 
completely filled and is being placed 

Dissolved 
Filling into the can, use forceps lo remove Dissolved 

Oxygen 
Hold twenty (20) filled vials from U1e Oxygen 

appropriate 
=Report Value 

As Tray 2 1 is being loaded into the 
Lyopl1ilizcr for Head Space Reduction. 
use forceps to remove two (2) of U1e 
vials marked "Fill Hold", fully seat the 
stoppers of U1e 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 O:,.')'gen Oxygen 
the Lyo. fully seat U1e stoppers of the =Report Value 
vials. and label appropriately 
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Following headspace reduction and 
inuuediately prior to loading each tray Dissolved 
into the RAB for capping. use forceps to Dissolved Oxygen 
remove four (4) filled vials from each Ox·ygen : Report Value 
tray. Place a mark on each of the 

Capping 
removed vials for identification 
purposes and place the marked vials 
back into the uay. Load tl1e tray into the Head Space Head Space Gas 

RAB for capping. Following Lhe Gas Analysis Analysis 

capping of each tray, remove the 
:Report Value 

marked vials from the tray and label 
appropriately. 

Dissolved 

Following headspace reduction imd 
Dissolved Ox')'gen 

Capping cappi11g, remove the e ighteen ( 18) vials 
Oxygen :Report Value 

Fill Hold marked "Fill Hold" from Tray 2 1 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; Fi1led 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 fi lling 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. 
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Table 10. Dissolved Oxygen Levels. 

Tray Number 
Post Filling -Pre HSR Post Filling- Du1ing Post HSR-Cap1,ing - Filled 

(ppm) Loading of Lyo (J>1>m) Vials (ppm) 

1 I 1.932 10.179 0.480 

2 11 ,228 9.925 0.470 

3 I J.486 10.577 0.508 

4 12.44 1 10.370 0.409 

l7 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 9.25 1 0.378 

39 4.559 9.265 0.390 

-io 5. 173 9.577 0,369 

Average 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. 

Tray Number 
Post HSR -Ca111iing - Filled Vials Post Capping - Em11ty Vials 

(¾Oxygen) (% Oxygen) 

1 1.147 0.981 

2 1.399 l.ll6 

3 1.551 0.980 

"' 0.950 I. 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 I.J48 I.I 14 

37 0.880 1.300 

38 0.87 1 1.15 1 

39 0.850 1.097 
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40 0.889 1.042 

Average 1.209 1.1 50 

STD 0.32 0. 10 

o/oRSD 26.7 8.3 

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

Held Vials- Dissolved Oxygen Post Dissolved Oxygen Po~1 Head Space Oxygen % Post 
Tray l / Tray Filling- Loading of L)'O HSR - Ca1>ping - Filled BSR-- Cap1>ing- Filled Vials 

21 (J>pm) Vials (11pm) (%) 

Sam1Jlc 1 10.685 0.578 1.563 

Sample 2 10.467 0.588 1.390 

Sam1>1e 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 

o/oRSD 1.5 2.9 5.2 

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

5 Oxygen Content(%). 

Dissolved Oxygen Dissolved Oxygen Head S1111ce Oxygen % 
Pre USR (1>1>m) Post BSR - (1>1>m) Po~1 BSR (%) 

P ROT--000055 Study 
E m1ity Vials Avi:. 

.. .. 1.150 

PROT--000055 Study 
9.915 0.495 1.209 

Filled Via ls Avg. 

2018--RD--022 Study 
Em1ity Vials A,,g. 

.. .. 0.49 

2018--RD--022 Study 
7.14 2.55 1.27 

Filled Vials Avg. 

Lot XMHJ1705 .. 0.637 2.28 

Lot XMHJl 706 .. 0.391 1.92 

Lot XMHJJ 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 
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in the fini shed drug product. The results showed a trend with an increase in djssolved 

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 

5 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 fi lled 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 

10 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 fi lled and empty vials taken from 

15 designated locations in selected trays. Percent(%) Oxygen results achieved across the trays 

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 

20 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 

25 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 fill ed regular vials. This indicated that the HSR cycle 

was effective in acrueving comparable DO and Headspace oxygen results irrespective of 

the maximum fi ll time exposure (approximately 7 hours; represented by the Fill Hold 
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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 

5 critical quality attributes. 

Example 5 

Head space oxygen reduction was accomplished using an automated filling 

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

such as through a lyophilizer as described in Examples 1 and 4. The high-speed filler is 

IO 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 

that no product is lost through back suction or through spillage and average speeds of from 

15 about 20 vials/minute to about 200 vials per minute, depending on the number of fill heads 

used. 

20 

A 50 L batch was prepared uti lizing 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 

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 

25 oxygen values obtained ranged from 0.2% to 0. 5% for all vials filled, including empty vials 

during start up. Vials tested after 1-month storage at ambient conditions also maintain 

headspace oxygen levels between 0.4 and 1.5%. The Tables below show a summary of the 
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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 ofL-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. 

5 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 0 2 (%) 0.473 0.378 0.243 0.490 0.372 

Table 15. Headspace Oxygen Levels at 1 Month for High-Speed Filler 

PROT-000213-1 Month 

Tray No. 5 Tray No.10 

Low High Average Low High Average 

Headspace 02 (%) 0.412 1.518 0.995 0.98 1.454 1.262 

10 Table 16. Comparison ofHeadspace Oxygen Levels between Lyophilizer and High-Speed 
Filler Operations 

15 

Batch XMHJ1705 
XMHJ1706 XMHJ1707 PROT-000213 

(Process) (Current Process) 
(Current (Current (High StJecd 
Process) Process) Filler) 

2.3 % Oxygen 
1.9% 1.9% 

Average Oxygen Oxygen 0.4 % Ox1'gen 
Low NIA 0.2% 0 xygen 
High NIA NIA NIA 0.5% 0 xygen 

NIA NIA 
1 Month Room 0.9 % Oxygen 

2.8% 1.2 % 1.1 % Oxygen 
Temperature Oxygen Oxygen (0.4 % to 1.5 %) 

NI A- Not Applicable 

Figure 4 shows the compari son of oxygen headspace control between the 

lyophilizer chamber headspace control method versus the high-speed fill er vacuum 

stoppering system. The lyophilizer chamber for headspace reduction was utilized for lots 

XMHJI 705, XMHJI 706, and XMHJl 707 ofL-Cysteine Hydrochloride injection. The time 
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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, 

5 XMHJI 706, and XMHJI 707 used Argon H eadspace 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: 

10 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 

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 
15 

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

1. The glass used was Schott Type l USP Plus glass, internally coated with si li con 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 

20 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. 
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Table 18. Characterization ofL-Cysteine Composition for Injection 

Test XMHJ1705 XMHJ1706 XMHJ1707 
Up Up Up 

L-Cysteine HCI 100.4% 101.3% 101.2% 
Related Compounds: 
L-Cystine 0.3% 0.3% 0.3% 
Pyruvic Acid Total 0.1% 0.2% 0.1% 
Specified RRT-1.98 0.2% 0.2% 0.2% 
Individual ND ND ND 
Unspecified 0.5% 0.7% 0.6% 
Total Impurities 
Dissolved Oxygen (1) 0.12 ppm (1) 0.13 ppm (1) 0.14 ppm 

(2) 0. 13 ppm (2) 0.14 ppm (2) 0.13 ppm 
Head-Space Oxygen (1)0.16% (J) 0.53% (1) 0.56% 

(2) 0.37% (2) 0.89% (2) 0.50% 
Aluminum Content 3.2 ppb 2.9 nob 5.6 nob 
Description Clear colorless Clear colorless Clear colorless 

solution solution solution 

Example 7 

5 Effect of Dissolved Oxygen and Headspace Oxygen on L-cysteine and Cystine Levels 

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

1. However, samples of exhibit batches were tested without head-space reduction and 

argon overlay during compounding, then filled, stoppered and capped. Samples were 

tested within one week of manufacturing date. Data in Table 19 show the marked effects 

10 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. 
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Table 19. Effect of lack ofHeadspace and Dissolved Oxygen Control on Product Purity 

Test Prior to Prior to Prior to Ave Values 
Read-Space Head-Space Head-Space for after 
Reduction Reduction Reduction completed 
Trav 1 Trav 19 Trav 23 Batch 

L-Cvsteine 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 

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. 

Table 20. Leachable Iodide Resul ts for L-Cysteine HCI Injection 
10 [I"] (ppb) 

XMHJ1705 

25°C/60% RB 40°C/75% RB 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

I 28.1 27,4 27.J 25.2 24.9 24.7 

2 25.9 26.3 25.9 24,0 24. 1 24.l 

3 28. 1 25.3 25.3 24.0 22.3 2 1.6 

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 

XMHJJ 706 

25°C/60% RB 40°C/75% RB 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

l 81.7 80.3 82.8 80.3 82.0 8 1.8 

2 83.1 81.7 8 1.5 82.5 82.3 81.3 
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3 81.7 81.7 81.8 78. 1 81.9 82.8 

Average 82.2 81.2 82.0 80.3 82. l 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 .io°C/75% RH 

Replicate Upright Horizontal Inverted Upright Horizontal Inverted 

I 53.5 523 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 HCI Injection 
[I"] (ppb) 

XMHL1702A XMHL1702B 
25 °C/60%RH 40°C/75 %RH 25 °C/60 %RH 40°C/75 %RH 

6 month 6 month 6 month 6 month 
Iodide (pob) 29 24 24 19 

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 

10 leachable amount including vial orientation or temperature dependence was observed. 

Example9 

Elemental Leachables 

15 Elemental leachables were evaluated using a validated inductively coupled plasma 

mass spectrometric (ICP-MS) method. JCP-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. 
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Table 22. Elemental Impurity Leachables Results for L-Cysteine HCI Injection 

[X] (ppb) 

XMHJ1705 XMHJ1705 

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

(1>1>b) Time 1>oint (months) 

J 3 6 9 J 3 6 

Molybdenum 14537 <0.5 2 1.75 0.6 <0.5 2 0.91 

Zinc 12598 14 2 13.84 23.4 11 38 <QL 

Tron 12598 25 21 50.52 19 16 60 5.73 

Chromium 10660 2 <QL <QL 3.2 2 6 <QL 

Barium 6784 2 <QL <QL <QL <0.5 2 <QL 

Tin 5815 1 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 1 I 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 

Arsenic 174 1 <QL <QL 0.2 J 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 0.72 <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 I <QL 

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

Iridium 97 <0.5 6 5.98 <QL <0.5 7 5.92 

ThaJLium 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 I 0.78 2 <0.5 I 1.10 

Cadmium 19 <0.5 l 1.31 <QL <0.5 2 1.30 

5 
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Table 22. (cont.) Elemental Impurity Leachables Results for L-Cysteine HCl Injection 
[X] (ppb) 

XMBJ1705 
25 °C/60 %RH 

AEC Element 
(1111b) Time 11oint (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 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 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 

Palladiwn 97 0.06 0.06 0.1 

Osmium 97 <QL <QL <QL 

Iridium 97 0.04 0,03 0.04 

Thalliwn 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 Resul ts for L-Cysteine HCl Injection 
[X] (ppb) 

XMHJ1706 XMHJ1706 

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

(ppb) 
Time 11oint (months) 

1 3 6 9 1 3 6 

Molybdenum 14537 <0.5 I 1.32 0.4 <0.5 2 1.33 

Zinc 12598 lO 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 l <QL 

Tin 5815 l 2 2.91 1.3 l 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 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 

Alum inum 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 l 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 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 I 1.1 1 1.5 <0.5 l 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 Resul ts for L-Cysteine HCl Injection 
[X] (ppb) 

XMBJ1706 
25 °C/60 %RH 

AEC Element 
(1111b) Time 11oint (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 l 

Barium 6784 0.4 0.6 0.4 

Tin 5815 1 2 2 

Copper 2907 l 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 

Palladiwn 97 0.04 0.02 0.03 

Osmium 97 <QL <QL <QL 

Iridium 97 0.03 0.03 0.03 

Thalliwn 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 °/4,RH 
E lement 

(p1lb) 
Time 1>0int (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 l <QL <QL 2.2 1 6 <QL 

Barium 6784 <0.5 <0.5 <QL <QL <0.5 l <QL 

Tiu 5815 l 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 I I 1.0 1 <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 l <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 l <QL 

Palladium 97 <0.5 <QL <QL <QL <0.5 l <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 

Mercuiy 29 <0.5 I 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) 

XMBJ1707 
25 °C/60 %RH 

AEC Element 
(1111b) Time 11oint (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 l 

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 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 

Palladiwn 97 <QL 0.02 0.02 

Osmium 97 <QL <QL <QL 

Iridium 97 0.03 0.03 0.03 

Thalliwn 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 Resul ts for L-Cysteine HCl Injection 
[X] (ppb) 

XMBJ1702A 
25 °C/60 %RH 

Element AEC Time 11oint 
(11pb) (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 

T in 5815 2 I 

Copper 2907 1 0.4 

Manganese 2423 2 1 

LiU1ium 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 

P latinum 97 2 <QL 
PaUadium 97 1 0.1 

Osmium 97 0.8 <QL 
Iridium 97 10 0.04 

Tha llium 78 7 <QL 
Cobalt 48 3 0.03 

Lead 48 8 2 

Mercury 29 1 0.6 
Cadmiwn 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 I 2 3 6 0 I 2 3 6 

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

Zinc 12598 42 NIA NIA 3.90 34.3 42 37 2 4 22.l 

lron 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 58 15 3 NIA NIA 1.82 3.8 3 3 2 2 1 

Coppe r 2907 4 NIA NIA <QL 123. 1 4 2 <QL <Q L 0. 1 

Manganese 2423 5 NIA NIA <QL 0. 1 5 I <0.5 <QL 0.3 

Litltitun 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 I I <QL 

Selc1timu 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 I <QL <QL 0.3 

Aluminum 120 <0.5 NIA NIA <QL <QL <QL 
(3) (8) (7) 

<QL 
<OL <QL <OL 

Vanadium 97 4 NIA NIA <QL <QL 4 3 <QL <QL <QL 

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

Rutl1eniu111 97 2 NIA NIA 0.76 <QL 2 2 <0.5 I <QL 

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

Platinum 97 1 NIA NIA <QL 0. 1 I I <0.5 <0.5 0 .1 

Palladium 97 I NIA NIA <QL <QL I I <QL <QL <QL 

Osmium 97 I NIA NIA <QL <QL I I I <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 

Coba lt 48 <0.5 NIA NIA <QL <QL <0.5 <0.5 <QL <0.5 <QL 

Lead 48 6 NIA NIA 5.0 1 1.6 6 6 6 5 1.5 

Mercury 29 2 NIA NIA 0,81 l 2 I l I l.l 

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

XMHJl702B XMHJl702B 

Eleme nt 
AEC 25°C/60 %RU .rn °cns %RU 
(11pb) Time 11oint (months) 

0 l 2 3 6 0 ] 2 3 6 
Molybdenum 14537 2 NIA NIA I 0.5 2 2 <QL I 0.4 

Zi nc 12598 38 NIA NIA 7 1 23,5 38 39 <QL 7 23 .l 
Lron 12598 166 NIA NIA 3 1 7,9 166 35 <QL 16 12 .3 

Chromium 10660 9 NIA NIA <OL 2,1 9 6 <OL <OL 1.9 
Barium 6784 I NIA NIA <OL <OL I l <OL <OL <OL 

Tin 581 5 3 NIA NIA 2 1 1.5 3 4 3 3 1.3 
Coooer 2907 2 NIA NIA <QL <QL 2 2 <QL <QL 0.3 

Manganese 2423 3 NIA NIA <QL 0 ,1 3 I <QL <QL 0.3 
Lithium 2423 6 NIA NIA 4 0 ,2 6 6 <OL 4 0.2 

Gold 969 5 NIA NIA 3 0 ,1 5 4 5 3 0.l 
Antimony 872 2 NIA NIA I <QL 2 2 I I <QL 
Selenium 775 3 NIA NIA <QL 0.l 3 2 <QL <QL <QL 

N icke l 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 
<OL <OL <OL <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 I <QL 2 2 <0.5 I <QL 
Rhodium 97 8 NIA NIA 4 <QL 8 8 9 4 <OL 
Platinum 97 I NIA NIA <0.5 0 , 1 I I <0.5 <0,5 0. 1 

Palladium 97 l NIA NIA <QL <QL l l <QL <QL <QL 
Osmium 97 I NIA NIA <QL <QL I I I <QL <OL 
Iridium 97 7 NIA NIA 6 <OL 7 7 9 6 <OL 

Thallium 78 5 NIA NIA 4 <OL 5 5 6 4 <OL 
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 I 0.5 2 I I I 0.4 
Cadmium 19 2 NIA NIA I <OL 2 2 I I <OL 

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 wi II form a disulfide covalent bond forming 

L-Cystine. L-Cystine has a lower solubility (0.112 mg/mL) than L-Cysteine (SO mg/mL), 

in some cases the degradant can be visually observed. 
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Table 23. Comparison of Particulate Matter 

PROT-000213 XMHJ1705 XMBJ1706 XMHJ1707 
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 

indicating that the head space oxygen reduction and dissolved oxygen levels achieved 

herein are successful in producing L-Cysteine injection of desirable quality attributes. 

Al l documents cited or referenced in the application cited documents, and all 

documents cited or referenced herein ("herein cited documents"), and all documents cited 

10 or referenced in herein cited documents, together with any manufacturer' s instructions, 

descriptions, product specifications, and product sheets for any products mentioned herein 

or in any document incorporated by reference herein, are hereby incorporated herein by 

reference, and may be employed in the practice of the invention. 

As used herein, " a," " an," or "the" can mean one or more than one. For example, 

15 "a" cell can mean a single cell o r a multi plicity 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 

20 compositions of this invention, means the composition can contain additional components 

as long as the additional components do not materially alter the composition. 

As used herein, the term "about" is used to provide flexibility to a numerical range 

endpoint by providing that a given value may be "a li ttle above" or "a little below" the 

endpoint. Unless otherwise stated, use of the term "about" in accordance w ith a specific 

25 number or numerical range should also be understood to provide support for such 
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numerical terms or range without the term "about". For example, for the sake of 

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 

5 support for actual numerical values is provided even when the term "about" is used 

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

value such as an amount of a 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 

10 aJI discrete values within that range, regardless of whether such discrete vaJues are 

explicitly specified and/or prefaced by "about." Equivalents permissible for such di screte 

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 

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

numerical values explicitly recited as the limits of the range, but also to include all the 

individual numerical values or sub-ranges encompassed within that range as if each 

numerical value and sub-range is explicitly recited. As an illustration, a numerical range 

of"about 1 to about 5" should be interpreted to include not only the explicitly recited values 

20 of about 1 to about 5, but also include individual values and sub-ranges within the indicated 

range. Thus, included in this numerical range are individual values such as 2, 3, and 4 and 

sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5, 

individuaJ ly. 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 

25 the breadth of the range or the characteristics being described. 

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

is to be understood that the invention defined by the above 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 method of treating a subject having an adverse health condition that is 

responsive to L-cysteine administration, said method comprising: 

parenterally administering to said subject a parenteral composition comprising a 

mixture of one or more amino acids, intravenous fluid, and a stable L-cysteine 

composition, wherein said stable L-cysteine composition contributes to said parenteral 

composition: 

a therapeutically effective amount ofL-cysteine or a pharmaceutically 

acceptable salt thereof and/or hydrate thereof; 

per Liter of said stable L-cysteine composition, from about 1.0 mcg to 

about 250 mcg of Aluminum; 

not more than about 2.0 wt% of cystine relative to L-cysteine; 

and, 

not more than about 2.0 wt% of pyruvic acid relative to L-cysteine. 

2. The method of claim 1, wherein said stable L-cysteine composition contributes 

Aluminum in an amount less than 200 mcg/L. 

3. The method of claim 1, wherein said stable L-cysteine composition contributes 

Aluminum in an amount less than 150 mcg/L. 

4. The method of claim 1, wherein said parenteral composition is a total parenteral 

nutrition (TPN) composition. 

5. The method of claim 1, wherein said intravenous fluid is selected from the group 

consisting of isotonic saline, glucose solution, glucose saline, dextrose solution, 

crystalline amino acid solution, and lipids, and combinations thereof. 
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6. The method of claim 1, wherein said intravenous fluid is selected from the group 

consisting of isotonic saline, dextrose solution, and crystalline amino acid solution, and 

combinations thereof 

7. The method of claim 1, wherein said parenteral composition further comprises 

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

valine, phenylalanine, hi stidine, threonine, methionine, tryptophan, alanine, arginine, 

glycine, proline, serine, and tyrosine. 

8. The method of claim 1, wherein said administering comprises administration once 

or twice dail y. 

9. The method of claim 8, wherein said parenterally administering delivers about 

120 mg/kg/day to about 160 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof. 

10. The method of claim 8, wherein said parenterally administering delivers about 80 

mg/kg/day to about 120 mg/kg/day L-cysteine, or a phannaceutically acceptable salt 

thereof and/or hydrate thereof 

11 . The method of claim 8, wherein said parenterally administering delivers about 40 

mg/kg/day to about 80 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof. 

12. The method of claim 8, wherein said parenterally admi ni stering delivers about 45 

mg/kg/day to about 60 mg/kg/day L-cysteine, or a phannaceutically acceptable salt 

thereof and/or hydrate thereof. 
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13. The method of claim 8, wherein said parenterally administering delivers about 30 

mg/kg/day to about 45 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof 

14. The method of claim 8, wherein said parenterally administering delivers about 15 

mg/kg/day to about 30 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof. 

15. The method of claim 8, wherein said parenterally administering delivers about 7 

mg/kg/day to about 10 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof. 

16. The method of claim 8, wherein said parenterally administering delivers about 4 

mg/kg/day to about 7.5 mg/kg/day L-cysteine, or a pharmaceutically acceptable salt 

thereof and/or hydrate thereof. 

17. The method of claim 1, wherein said subject is a preterm infant or less than about 

1 month of age. 

18. The method of claim 1, wherein said subject has an age of 1 month to 1 year. 

19. The method of claim 1, wherein said subject has an age of 1 year to 11 years. 

20. The method of claim I, wherein said subject has an age of 12 years to 17 years. 

21 The method of claim l , wherein said subject is an adult. 

22. The method of claim 17, wherein said administering delivers about 15mg of said 

L-cysteine per gram of said one or more amino acids, and said L-cysteine composition 

contributes not more than 0.21 mcg/kg/day of Aluminum. 
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23. The method of claim 1, wherein said adverse health condition results from the 

inability to convert methionine to L-cysteine. 

24. The method of claim 1, wherein said adverse health condition is the need for total 

parenteral nutrition (TPN). 

25. The method of claim l, wherein said adverse health condition is selected from the 

group consisting of short bowel syndrome, gastrointestinal fistula, bowel obstruction, 

prolonged bowel rest, severe malnutrition, significant weight loss and/or 

hypoproteinaemia, and a condition that precludes oral or enteral feeding. 

26. The method of claim 1, wherein said adverse health condition is selected from the 

group consisting of the need for total parenteral nutrition (TPN), osteoarthritis, 

rheumatoid arthritis, angina, chronic bronchitis, chronic obstructive pulmonary di sease 

(COPD), influenza, acute respiratory distress syndrome (ARDS), and diabetes. 

27. A method of treating a subject having an adverse health condition that is 

responsive to L-cysteine administration, said method comprising: 

parenterally administering to said subject a parenteral composition comprising a 

mixture comprising a stable L-cysteine composition, wherein said stable L-cysteine 

composition contributes to said parenteral composition: 

a therapeutically effective amount of L-cysteine or a pharmaceutically acceptable 

salt thereof and/or hydrate thereof; 

per Liter of said stable L-cysteine composition, not more than 150 mcg of 

Aluminum; 

cystine relative to L-cysteine not more than about 2.0 wt¾; 

and, 

pyruvic acid relative to L-cysteine not more than about 2.0 wt¾. 
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28. A total parenteral nutritional composition comprising a mixture of: 

a stable L-cysteine composition, wherein said stable L-cysteine 

composition contributes to said total parenteral nutritional composition: 

L-cysteine or a pharmaceutically acceptable salt thereof 

and/or hydrate thereof; 

per Liter of said stable L-cysteine composition, from about 

10 mcg to about 250 mcg of Aluminum; 

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; 

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

isoleucine, lysine, valine, phenylalanine, histidine, threonine, methionine, 

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

and, 

a pharmaceutically acceptable carrier, comprising water. 

29. The total parenteral nutritional composition of claim 28, wherein the amount of L-

Cysteine is from about 15 mg to about 40 mg per gram of said amino acids. 

30. The total parenteral nutritional composition of claim 28, comprising said L-

Cysteine from about 20 mg/mL to about 80 mg/mL of said parenteral nutritional 

composition. 
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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 10 mg/mL to about 100 mg/mL; Aluminum in an 

amount from about 1.0 parts per billion (ppb) to about 250 ppb; cystine in an amount 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 0 2 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 1 ppm, 

wherein the composition is enclosed in a single-use container having a volume of from 10 

mL to 100 mL. Also described are compositions for a total parenteral nutrition regimen 

and methods for their use. 
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PTQIAlMl1 {lk,"'-12} 
N>p,ov!!d for 'I»" tlUOllg,"> 1 l/3u.W20. OMS 065'1-0032 

IJ.$. ~tent ol<'i(l Trn;iaii1M< Olllco: U.S. OEPARThlEtff 01' COMMEH~. 
~inder ttl<l P;ipa,wort<. RMticm,1.-.\c[ cf ·199~, r.c P'11"$0l1S aro roqtslr<lcl l<l r<i:w<)nd lo a .oo{f,1dlon ,>f tnrmi-rmflill! unfl!t,s il <if.plays a va~u 0:\16 ,'l.>illf~! ,1tm1har. 

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

Tltte-of 
lmnmtlon 

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

As the below· named invilntor, t hereby der,iare that 

Ti1is declaration 
is direct~d to; • Tho attached applk:ation, or 

ii1 United States appilcatiori cir PCT !nte.matkmal application number 
161248,460·····················--········· !!!J 

fl!e<I on Janua!x.:1_. 5_" ._2_0_1_9 _____ . 

The above•identified application was ma<te or ~lifMrized to be made by me. 

l believe that l arn the <:Jrl{Jinal inventor or an original joint inventor of a C!,.}!rned l1Mmtkm in !he application. 

I hemDY ,~dv1ow!edgedhat -any wll!ful fal'5e stalermml mads in this qecfamtkm is punishable under 18 U .. S.C. '1001 
l:ly fine or imprisonment of not rnore than frm (5) years, or both. 

WARNING: 
Petifo)nerfapptkant is cautioned to avoid s1.1bmltting pe!'SOrtal information in documents filed in a patent applicalion that may 
c-0ntribute to identity theft. PersoM! informatio.1 sttch as social security numbers, bani~ accounl rit1mbers, or credit card numbers 
( other than a chec!i or credit r-,arcl authorlzatfon form PTO-2038 st,omlttoo for payment purposes) is never required by the USPTO 
to support a petition oran application. If thts type. of personal Information is included in documents submmed to tM USf=>TQ, 
petitroners/appHcants should co11sider redacting such personal information from the documen1s beforw submitting them to the 
USPTO. Pelitloner/appiicMt is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-pub!lcation request in compliance with 37 CFR 1.213{a) is made itt the application) or issuance of a 
i)Stent. Furthermore, the record frorn an abandoned -appl!cation may also be availao!e lo tt11J> f>Ubllc It the application is 
referenced In a published appllcat!on or an issued patent (see 37 CFR i :1'1). Ched(s and ,;redit card auihot!zation forms 
PTON2038 submftb:ld for payment pul'poses are not retained in the appl!mtt.-on m~i .~n<l therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

...................... ·········------·'- Date {Optional) :-1.l.:~\.ULL .... --- · .. ··· 
.• . t~~il rr1 p _ , ... -····· 

S1gnatt1re: ~,, · , .. ·, · ,.,, .. , .... ,""'--~,···:::. __ ............ -~----------· .. ·········· .. ···---- - .. ··· .... -----............ u~~r ~:...................... <. __ ,.:-

Neill-: An applit~tiort data shao! (P'T 0/88/14 ct equiv.alent), lnr.!1Kltng nami.'lg tho rn,lite irw~n!ive eni!ly, must accompa'1y tll1s form or must have 
been previously med. US1:l an oodftlonal PTO!A!A/01 form forem:h adrl:t!onill 1mienteir. 

Th;~ c:cl!eclinn of ini>."3l'ma11cn fo rn4U:rOO by~ U.S,C. : 15 and 37 Cf"R 1.6..1. Tfm «,kumati$ln l:; r;;mot!ed tu •.bta1n er mtatn a h~n-~f.-t by the-pdhtie~t.:h tS: to t:1~ land 
hy th& us1>-,o lo prnc ... w) m, ap;,Jfi:a-il>'I>. Coati<:/,mti;1ff,y ts gcv<ir.>ed. oy ;JS V.S.C, 122 and :!'i' CfH 1.11 ,mJ 1.14. ™" c.<>!filrlk>" .s osl~'T\,.!iid "' i.r.-w 1 mim•(« <<> 
'"-'11lpl<lla. lncl>:din9 9alhMfi!l, proimring, ar.c -submitt;i;!l lh'-' r;mrif)l<Jtml ~rr,>inaHon !Mn to tt,.-, VSPTO. nm» »1i '/af'f depemii.'>9' upon u,e !rnt\'l><ki~ c;;,:;,i, An)· 
oommmi!s on too a,'11'.,,mt <>f timn you 1<.t<l«i1e lo co,i,pk}\e ~'1!,; form an&or sc:gg&&\iMs i!lr roo,;c:iJ\<; \hi$ uurcen, -sh0<«d lm sen, k> Ura Chii<f !m!lmm.Ucn om<>-.-,.·, U.S. 
PlllGn! and Trm!amark. Clffit:~, l). s. D;);;)artment cf C.•ml<~'.CG, P.• . \':Q)I. Hf;:!/, Al$-i\W\l:l(ta, VA Z2$1$• 14SO, PO t'jOT SF.NO r-i;;ES OR COMf-'Lii.TE.O f'(}RMS ro 
TH!SAOORF.Ss .. setm iO; Cornmll>slo.rmr for Patents, P.O. Sox 1450, Afl}l(andl'ia, VA 223iS-i45il, 

ff ;wu 1m&d- a.'j..(f.($.WJ_ ,u.,'-9 frl compM!.fttg f!ii! fo1m_. cafi 1-$(}iJ.Pi0-9101J lmd s@·u:t cytlon 4 
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PTO/AIA/01 (06-12) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademar1< Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwor1< Reduction Act of 1995, no persons are required to respond to a collection or 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 161248.460 

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 USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
US PTO. 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 

Signature: 

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 !his burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademar1< 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 2231 3-1450. 
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO!.AilA/01 (ll6• 1c~) 
MJ!tl)%~ 1w ussi lhro\:t>h l 1130,'ffi?.ll. {)Mg OOb~•-mi:12 

lJ,S. f'a\"1,\ 8!Jd Trt1'_~<,l'tlim\ 0//lr-e; l.1,$, 0El¾RTMENT OF COMMERCE 
\Jrnier tM P;,,p~1wort< Hoduclh, Act cf· 1995, n<> pllt'$\'J>\$ a,,, mq<Jfrnd. to respond lo-a oo1liJt~m1 of i11fmm$00 1ml»ss n dl$pl,l)'ll a vallil 0.\-!B <XiW<>i •'ll:mhm. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION UStNG AN 
APPUCA TlON DA TA SHEET (37 CFR ·t 76) 

Title of 
Invention 

STABLE, HfGHLY PURE L~CYSTEINE COMPOSITIONS FOR INJECTION AND 

METHODS OF USE 

A~, the be!ow named inventor, I herehy declare that 

The attached aµpficatiot1. or lhis dac!aratlon 
is directed to: 

[] 
!11 Unit(ict suites spp!lcatton or PCT 1r1t(irnaU<.'.lnal applicatkm number --~-~

1
248 A~.?.. ........ , ___ _ 

fifo,:1oo January 15, 20·19 

The above-ider1t'ffieo application was made or authorii(tc;l k> be, made by n~. 

l be1ieve that I am the original inventor er .in oriitin(:I! joint inventor oJ a daitned itiver1li<11i in the app!lcaUon, 

I heretw iwkn{)w!edge that any willful fal$e ~itatf>tnent made in thfs d8Clarafa>n t,i punishmile under 18 V,S,C. 1001 
by fine or imprisonment of no! moro tllan five (5) years, or both, 

WARNING: 
Petitioner/app!ic.ant is cautiotiecl to avoid submitHng personaJ infom1alk1!1 in dact101ents filed in a patent appHoatlon that ma1' 
contribute to identity !heft. Personal information such as sncial s~w'!ty numbers, ban,I< account numbers, or credit car\i m.imbars 
(other ihart a check or credit card authori,:aticn form PT0-2038 subm!l.led for pa~trt1ent purposes) ls never f<>'qUired by the USPlO 
!o Sl•PPOrt a petition or an applkaiion. lft!ils type of personal information ls included in documents submittod to the USPTO, 
potilioners/appiicants should consider redacting such persona! infommlkm frorn the documents before sub1pistiog !hem to the 
US PTO. PeUtioner/applk:ant 1s advised that !he record of.; p-J.foOt app!!cation is avaslabte to the publi1; after pubncation of the 
Bpplicahon {uhl.;iss a 0011-publication request in compliance with 37 CFR 1.2i3(a} is made in the application} or lss.uance of e 
patent, Furttierrnore, t11e record from at1 ,.1banuoned applicr.tlon may also be available to the pub!lc If the application is 
referenced In a published applicatkm or an issued patent (see 37 CFR 1,14}. Checks and credit card authorizatitm forms 
PT0-2038. submitted for paymenl pl.ll'pooos are n.ot retained in th~ application file and therefore are not pt,biic!t avallat>!e, 

LEGAL NAME OF INVENTOR 

Inventor: Phanesh f(oneru ........... , _______ ....................... ···- Date (Optional}:_ .................... ---.......... . 

, • • • i~ !} . {} (('\ . . 
S1gna1uro ..... ~.\l\.~'>L.-~,1-.,~::"'-.... · cc··-·-----............................ _____ .. __________ .................. ---..... , ... _ 

Note: An a,ipHcatfon data sr.,;,et (PTO/SBl14 or <i.Qu!va!ent), iJ1ctiiding naming IM-smt!re lnvenlivn enii\y, 1ll1JSI" accompru,y thl& form or must tlm1t, 
t:men previo1.r&!y fl!u<J. Use an Mditi,:,nal PT()/A!AKl1 form for each acldilional hweMor. 

•nfo colw,;llot, of !Mi:ltm;i!loo ls r,squlr,,,~ Uy' 3/!, U.S. C. 115 and 37 CFR t.6.1. Hl<l lr'Jmmaljon ii; roqui;eu !<> ,m!a4> ,'>i" ret..il, ,1 bm1,lflt by' !M puNic ,.,tJ!ci> ;;a tn !\l<i (l.l'1<i 
t,~, the USl'TO 10 p1oc;s&;j an a;.ipilf"A!lot1. Conlidan!Jml!y is gcvemed by:)$ U.S.C. 1:1:2 anti 37 CfR 1,11 !iil'>d 1, 14, This con,,ctkm. ,s es(<r,,;;11:l!i k> tai<.~ 1 <11:nute to 
•.3mpl~!1<. incluuil;y 9«lh~1inS, pn,iuiri11(), or.d 1ru.>m1:ttlog Um ®mpleted appticallcn JQ:i1i I<> th-<> VSPTO. Timi> wm ,ary de;>ending ,i;xm !M lndivl<-':u>l! Cll~'B. Any 
comments °" the amoun\ of t.tl's<l )h1tl rnqultll to o;mpl!'4'.s- ln!s furm W1<t'<>r >!<l\i9<>S!kills fo, roctud,~ \hi$ !MC®, shoul<l l,);i ,,._,,,;:<>Iha Ctli<!f !nf,;smaticn Ollic,.~, U.S. 
f>atentafl(I TrM~1Mrt< Otnc<3, u.s, D~mi1v11~p~ Qf Cr;nJ;M~. P.O. 8\'Jx.1450, Al0!<x"l,'1<lfla, VA Z[J l:l· 1460. C)(l NOT SENl) N~ES OR C-0-MPLHEO HmMS T 0 
TMISA0DRESS. SEND TO; ComtrJ{Ssione-rfot Patents, P.O. $ox 1450, A-l~xandri.ll, VA22313-1450, 

if you N~~d ~s-sh~t~1nre ir;· oompf~!.lf:g tt:e- t<rrrn~ c-.-1~' 1-·tf©f>r(>..91~g ~mt ~"flhlt;I cpti::m 2. 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use lhrough 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 a re 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 Filed Herewith 
Filing Date Filed Herewith 

JOHN MALONEY 
First Named Inventor 

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

Art Unit TBD 
Examiner Name TBD 
Attorney Docket Number 066859/539011 

SIGNATURE of Applicant or Patent Practitioner 

Signature /bryan I. skelton/ Date (Optional) October 28, 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) JEXELA 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. 

D "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 obta in 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. 

ff you need assistance in completing tile form, ca/11-800-PTO-9199 and select option 2. 
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[ 

Doc Cod~: PA, 
Doclm1ent Description: Power of Attorney PTl:l,'AIN626 (07· 13) 

Al:-l!fll'100 Im ll~ !!ml,..'llh !H/<11/20·1$. OMl:l Oll51 •i:l>35 
U,$. Pa!>!•>! anti Tt,1Q<lllW!c 0/ffM! IJ,S, DEP-ARTMENT OF COMMER.GE 

Un(W \!J~ r'>1r.-,rw<>rl< Roduc!ion Act o! Wg<J,. no persons ate r,,.i!.lir~tl l<J r~P!)!l<l I<) a C<lt~uon ofi.nfommuon un!e:sis ii dtsp!llys-u «~~<l C!MO oontr(~ ntm'*-' 

:::::::: 
! hereby revoke .)f! prevlm.1s powers of attorney given in the app!ioollon !de:ti1it1ed m either the- att-ached tr-.msmlttal !etttH' or 

] 
• the boxes- below. 

• 

:··=;=;=;=;;-~_ .. _~-·~_·_:~~·n~-N-:-~"-.. ~_-oo_· ·~r~·---·-···_···:::::::::=======:l:F=l~li=n=g-D_,_,_•_-.-.-.-... -... -... -... -... -... -... -... __,l 

(Ncil;!: lhi~ boxe~ aJlav,~ may be le\'t bl-!H1Y< if information is provided on form PTO/AIAIS2A.) 

I hen~by appoint tho Pat(,nt Practi!l<mer(s) assodatw wlth the foHowing Customer Numbi:>r as my/our artomey(s) or agentts), ltnd 
to tt,U)tad all Wsiness in !he United Stales Patent and Trademark Office conne"Cted Uierewlth for the applicatkm roforenced In 
~; attached transmi-itel letter {form f'TO!A!A/S2A) or identified abov~~: [ooa26········--········· .. . . ·············· ...... ] 

I hereby appolnt PracU!ioner(sJ named in the aUadled list (fOrm PTO/AIA/82C) as m,'/oor atrorney(s) or ageni(s}, and to transact 
alf bl.tsiness in the United States Patent .,md Trademark Ofllce ci>nnecit0d therewith for the paten: applkation referenced in 1he 
attached tramm1iU:;1l letter (fonn PT01AlAl82A) or kl~n!:1.iie<l above, (Note: Complete form PTO/A!A/82C.) 

Pl!.la$e reeogni~e or change the com~sponde-nce address for the- appl!cation identified In the attached transmittal 
tette.r or the boxes above fo: 

~ 

• 
The address ai,sociatad with the abova-mentloned Cm,tome.r Number 

OR 
The address asso,::iat~Jd with Custom~r N!ltl"'.\ber: r ···························· ............................................... I ! 
OR ,.............................................................................. j 

.. ,, .. •---·---··--···-···- ------------------4 • Firmor 
1----~!_nd_i_vi ... d.,...,.uat Nam~ . ---·----------------------------------~ 

Address 1-----------1------------------,-----........ --------.,......,----,.--------~ I State I I Zil> _1 ______ -----1 City 

Country .. 

• Telephone l Emall f i--,;,_ _______ ...,_ _____________ ...,.J, _____ -'--------~-----------~ 

! arn the Applicant (if the Applicant is a Juristic entity, !fa{ the Applicant mirne in the box}: 

l Exe la Pharma .. Scien.ces y .. LLC························ ....... ·:.·.··········:.·.·.··.·.·.·.·_·· .... _ ... ---·~~~~~·.~~ .. ____ ..........,.,! 
OD !nvent(;lf or .Join! Inventor (title not required below) 

Legal Re1)resentatlve of~ Deceased or l.egaHy !11cap1~cfMed liwentor {title 110t required below} 

r2J As:.iHnee or Person to Whom 111e Inventor Is Under an Oiiligation to Assign (provide signer's title if applicant 1s a Juri-::,t!c ent!!y} 

D Person Wtto Otherwlse Simws Sufficient Proprietary Interest ( e.g ... a petiHon under 37 CFR 1.46{b}{2) wa-s gr.wed in the 
aoolicatton or iJ:! concurrer.tlv !)eing fi!ed with J!ils dooomentl lProlfide sioner'sJiUe lf an"licant ls a iu<is.tic entilvl 

SIGNATURE of Applicant for Patent 

Toe tmdersigned {Whose tlile Is supplied below} is oothor!z.ecl to act on behalf of the -applicant (e.g., wnoro ti-lit applicant Ii. ,J jm?slic entity). 

--~-:t-11~-.. ---------·--·· fl~~~~~:;~~~:1~ \,,,;.)_, ------------------------------1 
--~···-------'-~~.,..,__""-"'-"-'~----------------------------~---~ 

NOT!t Slgnat~tre - This fotrn mW! be )l.Jgned by tl"tt~ ,;pplimri! in acrordm)Co \.,1th .37 CFR 1,33, Se~ 37 CFR 1.4 for sigr.-ature requlraments 
and cert!flcal!ons, If more than one app!ican!, use mu!tipfe forms, 

IZJrotal of t forms are submitted. 
iht.l: co!!a~lon nf lnfoomidori ,s reqv:red by :fl ci:i, 1,131, 1.32, and 1.3c. Tho :nformot,011 ts roqu,roo lo abralil or rnia~i <> b.-,;ia!il. b:, lM runnc "1llet"l ts to me fand by lhe 
us.<>ro to p(Q<,--.,:,g) 8n 8ppr:~atla:;, c,mfl!l,ini1."Sllty :s ~<JV>'!mad by 3', U.S. C. 122 aM' 37 CFR 1.1 t and U4. Tl1f& w~nc;~~,n Is estimal!l<l l<J tal<" ~ n(~wtw.- \<> <"-'li'f.l!ele. 
!ncli,dl~q gattmrlnfl, prt'j.la/~19 .. and St;l)ri\llling lf\<l-C.1tt1pl'1!>':<1 &,l(Ai(l;,jlM fem\ to !ha lJSf'T() Till\¢ ,,stl vfJiy '1~9 uj)<>,-'t !h& <>-\i!Md,ial ¢i!IS,"l. An'/ ¢¢nli'M,~!s ¢,-'t Uie ~mm.ml 
v! ~me \,Oil reGUire to cnmpk:i!_u ln,s fomi 1100/<Jrsll\)9usto11s fornsdueing !his o,s-!11,it, slim~d be sen! t:i Ille Ch1l!I hi!mm,>Mn Cllker. \J.S-. r.mmt ~<J(!Tlcad~•iW!l( O!f:l);!. !./.$. 
OspMm~nl of (,'ornmercu, P,(). t:I~ N ;.O, ;\!e1<ant1;ia, \IA 22,H:-1-4450. DO NOT SENO f'€c'SOA COMPLETED f'ORMS TO THIS AODRt:SS. SEND TO: C:01nmiss:!0Mr 
fo-t P~(<l/>1$, P,0. B'"' 1450, Al&xa,1dtfa, VAZ2313-14S(t 

ff y.o:, nM,d assisf,,nce in comp!e.fing lh1, form, ce.1/ ·l'-$0[)-PT(J-919[1 Md s<l!ed option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 

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: 066859/53901 1 

Filed as Large Entity 

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111 (a} 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($} 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 300 300 

UTILITY SEARCH FEE 1111 1 660 660 

UTILITY EXAMINATION FEE 1311 1 760 760 

REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4000 4000 

Pages: 

Claims: 

CLAIMS IN EXCESS OF 20 1202 10 100 1000 

Miscellaneous-Filing: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 6860 
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Electronic Acknowledgement Receipt 

EFSID: 37578460 

Application Number: 16665702 

International Application Number: 

Confirmation Number: 9198 

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: 066859/539011 

Receipt Date: 28-OCT-2019 

Filing Date: 

Time Stamp: 16:12:24 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted w ith Payment yes 

PaymentType DA 

Payment was successfully received in RAM $6860 

RAM confirmation Number E20190RG12453439 

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 (ifappl.) 

129298 

1 T rackOne Request 
539011 _ Track_One_Request. 

no 2 
pdf 

«le7bs.-:i556S7Se-94~2c5c:9ee692c;li;td7{ 
70958 

Warnings: 

Information: 

1822429 

2 Application Data Sheet 53901 l_ADS.pdf no 9 
82ScS72S134c64.,d004J6.2209d 196S509 1ti 1 

0 .... 

Warnings: 

Information: 

620500 

3 53901 l_Application_ Text.pdf yes 92 
ttd61c80t->5f09af8.1l 7100l4l1a927J4.l<!!bi 

f.Cad 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 86 

Claims 87 91 

Abstract 92 92 

Warnings: 

Information: 

211638 

4 
Drawings-other than black and white 

53901 l _ Figures.pdf no 5 
line drawings 

284f301199297l18!)65Jf79c6 l 224d3h829 
2ll9.16 

Warnings: 

Information: 

641698 

5 Oath or Declaration filed 
539011 _Executed_Declarat ions no 3 

.pdf 
1d159Ue5a697aJtd22IJ0d7J~l98S 

4d~.l 
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Warnings: 

Information: 

422299 

6 Power of Attorney 53901 l_POA.pdf no 2 
b 1255767e846b2f.'lb0238S 1 cd737488064t 

'"""" 
Warnings: 

Information: 

41860 

7 Fee Worksheet (5B06) fee-info.pdf no 2 
JfJ625572c.nl'9c.71.iOt0847SCld945o&Wf ·-

Warnings: 

Information: 

Total Files Size (in bytes) 3889722 

This Acknowledgement Receipt evidences receipt on the noted date by the US PTO 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 ARRlications 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 ARRlication 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 A1n;~lication 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/105) will be issued in due course, subjectto 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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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16665702 Document Date: 10/28/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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UNITED S1:.\TES PATENT AND TRADEMARK OFFICE 

Af'PLICA TION 
NUMBER 

t'ILING or 
37l(c) DA1E 

GRPART 
UNIT FIL FEE REC'D 

16/665,702 10/28/2019 1629 

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

2720 

Ul\"l'l'lm STNl'l':S JW:PAll1'Ml, YI' OF COM~fERCE 
United Stut es Pate nt and Ti:-ndemark Of.lice 
Addrn,. COMM1$$10 >1ER FOR PATENTS 

PO Bor l4SO 
Alc-xa.nJria, Vuginia 2lJ 13+150 
W\\W,OBJ)lo,gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

066859/539011 30 3 
CONFIRMATION NO. 9198 

FILING RECEIPT 

11111111111111111111mrna!~~~~1w111111111 llmllllll 

Date Mailed: 11/18/2019 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

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 Priority data as claimed by applicant 
This application is a CON of 16/248,460 01 /15/2019 PAT 10478453 

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. 

page 1 of 3 
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If Required, Foreign Filing License Granted: 11/14/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/665,702 
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 

514 

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 USPTO 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). 

page 2 of 3 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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. 

page 3 of 3 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 161665,702 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column2) SMALL ENTITY OR SMALL ENTITY 

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

BASIC FEE 
N I A N I A N IA N I A 300 (37 CFR 1, 16Ja), (b). or Jc)) 

SEARCH FEE 
N I A N I A N/A N / A 660 (37 CFR 1. 16Jk). (i), or (ml) 

EXAMINATION FEE 
NIA NIA N IA N I A 760 (37 CFR 1. IGJo). (p). or Jq)J 

TOTAL CLAIMS 30 minus 20 .. 10 OR X 100 - 1000 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 .. 
(37CFR 1.16Jh)) 

X 460 . 0.00 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $310 ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fractjon thereof. See 35 U .S .C. 

41 (a)(1 )(G) and 37 CFR 1. 16{s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.160)) 0.00 

~-If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 

(Column 1) (Column 2) (Column 31 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 Minu:. .. - OR :::,;; (37 CFR L16(i)) X . X -
0 Independent Minus ... -z X . OR X -w (37 CFR 1.16(N) 

:::,;; 
Applicalion Size Fee (37 CFR l .16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1. 160)1 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 

ro AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total "'""' 

.. - X - OR :::,;; (37 CFA I. l6(il) 
X -

0 Independent t.lnus ... -z X . OR X -w (37CFR 1.l6(hl) 
:::,;; 

Applicalion Size Fee !37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1. 160)1 

TOTAL 
OR 

TOTAL 
ADD'L FEE ADD'L FEE 

• If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
•• If the "Highes1 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, en1er "3". 
The "Highest Number Previously Paid For" (Total or Independent) is lhe highest found in the appropriate box in column 1. 
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APPLICATION NO. FLUNG DATE 

16/665.702 10/28/2019 

826 7590 11127/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
!OJ SOUTH TRYON STREET, SUITE 4000 
CHARLOTl'E, NC 28280-4000 

FIRST NAMED U~VENTOR 

John Maloney 

UNI TEO STA TBS l)F..PA RTl\1WT OF COMMERCE 
United S lales Palenl and Trademark Orlice 
Add.-ess, COMMISSIONER FOR PATENTS 

P.O. Bo-' 1450 
Alexandria. Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

066859/5390 I I 

CONFIRMATION NO. 

9198 

EXAMINER 

PACKARD. BENJAMIN J 

ART UNIT PAPER NUMBER 

1612 

NOTIFICATION DATE DELIVERY MODE 

11/27/2019 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. 
16/665,702 

Examiner 

CHERYL P GIBSON 
BAYLOR 

1. THE REQUEST FILED 28 October 2019 IS GRANTED . 

Applicant(s) 

Maloney et al. 

Art Unit 
OPET 

The above-identified application has met the requirements for prioritized examination 
A. 0 for an original nonprovisional application (Track I). 
8 . D for an application undergoing continued examination (RCE). 

AIA (FITF) 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. 

8 . 

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 ; 

fil ing a request for continued examination ; 

fil ing 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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APPLICATION NO. FLUNG DATE 

16/665.702 10/28/2019 

826 7590 12/12/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
!OJ SOUTH TRYON STREET, SUITE 4000 
CHARLOTl'E, NC 28280-4000 

FIRST NAMED U~VENTOR 

John Maloney 

UNI TEO STA TBS l)F..PA RTl\1W T OF COMMERCE 
United Slales Palenl and Trademark Orlice 
Add.-ess, COMM ISSIONER FOR PATENTS 

P.O. Bo-' 1450 
Alexandria. Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 
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7) 0 Claim(s) 1-30 is/are rejected. 

8) O Claim(s) __ is/are objected to. 
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Notice of Pre-A/A or AIA Status 
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The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Obvious-Type Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctr ine grounded 

in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise 

extension of the "right to exclude" granted by a patent and to prevent possible harassment by multiple 

assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not 

identical, but at least one examined application claim is not patentably distinct from the reference 

claim(s) because the examined application claim is either anticipated by, or would have been obvious 

over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. 

Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 

USPQ 619 {CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 {CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or l.321(d) may be used to 

overcome an actual or provisional rejection based on nonstatutory double patenting provided the 

reference application or patent either is shown to be commonly owned with the examined application, 

or claims an invention made as a result of activities undertaken within the scope of a joint research 

agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for 

applications not subject to examination under the first inventor to file provisions of the AIA. A terminal 

disclaimer must be signed in compliance with 37 CFR l.321(b). 
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The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit 

www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed 

determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/ AIA/25, or PTO/ AIA/26) should be used. A 

web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal 

Disclaimer that meets all requirements is auto-processed and approved immediately upon submission. 

For more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 1-30 are rejected on the ground of nonstatutory double patenting as being unpatentable 

over claims of U.S. Patent No. 10,178,453. Although the claims at issue are not identical, they are not 

patentably distinct from each other because instant claims 28-30 are directed to a stable L-cysteine 

composition having an overlapping range of reduced aluminum content and impurities. Further, claims 

1-27 are directed to a method of treatment comprising administering the composition, which is an 

obvious use of the patented composition where the intended use recited in the claim is a parenteral 

nutritional composition. 

Closest Art 

As noted in the parent case, the closest art is Sigma-Aldrich production information for L-

0cysteine hydrochloride monohydrate (05/06) in view of Whiting et al (Journal of Food Protection, Vol 

55, No 1, Pgs 23-27, 1992) which teach parenteral formulations and the need to reduce aluminum 

impurities. But Applicants presented evidence in the parent case showing the ability to remove the 

aluminum impurity is not a result of the teaching of the prior art or a matter of routine optimization. 

Instead, multiple processes were developed and used to create the instant formulation with the 

reduced impurity limits requested by the FDA and now claimed. 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

Page 4 

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 USPTO 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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Jouma! ,1f Food l'mtec!Jo,•:, \.',)i. 55, No. I, P<1,,e.., 23- }7 (J;i."""·'Y 1992} 
Ct:pyl'l9~~- :!tetnat:o:iS:t Asscdation c: M•lk ~ood and Environ:11ema! S:mihu-.~ns 

Effect of Headspace Oxygen Concentration 
on Growth and Toxin Production by 

Proteolytic Strains of Clostridium botulinum 

R. C. WHITING* and K. A. NAFfHJN 

ABSTRACI' 

/\. sedc; of experiments was rnnductcd to detcrrnin,~ growlh 
and toxin fom1atlon b:y proteolytic $train;; nf Cios!ridium /]()tu/i· 

num in bwth media that have. known pH value, (5-7), NaCl 
concen1rntions (0-4%), am! com:rollcd oxygen-nitrogen atrno
spberes. Lower pH and higher NaCl levels inhibited growth and 
toxin production by vegctmive cells. but 15%, oxygen in tl1c 
hcadspacc was insut1'\c:icnt for inhibition in n\J media. When 
spores were llSl>:<I as inocula nnd 1hc tubes were gas ilm,hed, 
Outgmwth and toxin prndm:lion generally oc:curted only under n 
I% or less oxygen aimo,pbere .. Occumin,'.c of growth and toxin 
was favored by high pH and low NaCl level& and was related 10 

!spore. lnoculum .,ize. Spore~ were al$O inor,ila.K>:d i11to a mixed 
fcm1ente-r with ~'<lntrollcd oxygen levels in lhc headspacc. Times 
to mea.~urablc turbidity incrc.ascd with greater oxygen levels from 
36 h a1 0.0051lf. 0, to 109 h at 0.7%- O,; however, growth rate~ 
were unaffcc1ed lly hcmlsp::icc oxygen l~ve.ls. N'o 10:<in was ob
served wi1h 0.9% O_, fm1her dcrnom,muing that the critical level 
of o,cygc11 for gem1ination and growth is ;pproximately J %. 

Clos1ridium hotulinum is d1aracterized as an obligate 
anaerobe. However, growth and toxin production were 
dcmonst.rated after outbreaks and in model foods under 
ostensibly aerobic conditions. For example, sliced luncheon 
meat~, air-packed smoked fish. salted-dried fish, sauteed 
onions left on the grill, packaged fresh mushrooms, and 
oriental noodles in oxygen penneable plastic have all sup
ported toxin formation (9). Nonprnteolytic 1ypc E strains in 
fish-based model substrates developed toxicity in aerobic 
packaging (/}4.17 2 h 

Early work by Meyer (20) and .Dack et al. (3-5) 
indicated proteolytic strains could grnw in broth media with 
headspace oxygen concentrations of I .79L Type A spores 
were repl)rted to grow in the Eh range of -436 to ,6 mV 
(22). Spores place<..! in rrypt.ica.se ,oy broth with c:ysteine 
and sparged with N1 (-145 mV) or air (-6{) mV) grew 

.lWe,,:rion of brand t,r f'i.rm ,iamfs dof.Y 1w1 i.'cmstitutl! CM t:,;d:'JrSc"mt,1t by !hi! 
V .S. Dtpartm.~nt <-f Agricuhlire ,)rfr a,h;!rs or :1 _t,,:imiiur J;{Jtu.n: t?ht 

trtfn.ifrm,rci. 

equally well at favorable conditions, hut growth was de
layed with air sparglng of broth containing 5-6% NaCl, pH 
5.3, or 30% sucrose (26}. 

Predic1.i11g 1.he grow!l1 of micrnorganisms in food& re
quires knowledge of the simultaneous inl1uencc of all 
significant foe.tors. A mo<lc'J for toxin production in fish by 
nonproteo1ytic type E botulinurn was cltwelopecl wirh cocf
ficic.nts ror fah type, spore type, type of atmosphere (none 
containing 0). temperature, spore inoc.uhm1. and aerobic 
plate count ( /). Roberts and Jilrvis (23) modeled rhe growth 
of type A spores in pasteuri;,;ed pork slurries. Their ml)del 
included storage temperature, NaCl. nit:rite, ascorbate, heat 
treatment, polyphosphate, and high (6.3-6.77.l or !ow (5.54-
6.36) pH. Montville (21) followed the interaction of pH 
and NaCl in broth on the culture density of type A vegeta• 
tive cells. Dodds (6) mc,1surc<l tile lag titn(! for toxin 
pruduction by type A and B spores in cooked. vacuum
packed {Ntatoes with contrnlled 11__. and pH. Regression 
equatio11, for the probability of one spore to produce toxin 
at a specific a.,.-pH were ca!cnlated, .None of these studies, 
however, used comrolled oxygen .level~ as a variable. 

There is concern that the inerc,tsing commercial use of 
modified atmosphere packaging and precooked foods is 
increasing the risk of foodborne microbial illnesses includ
ing botulism (11 ). A better understanding of the oxygen 
tolerance of C. botulim,.m as it ir1ternct~ wilh pH. salt. a11d 
iuoculuin size is needed. This wl)rk examined the growth 
and toxin fom1atlon by proteolytic strains of C. botu!inum 
in media that had known pH and .NaCl concenrrati<m:s a11d 
were maintai11ed urider a conrrnllcd oxygen-nitrogen auno
~phcrn headspace. Time for growth and toxin proctuctfon 
from both spores and vegetative celb in static broth tubes 
and l"roin spores in an agitated femientcr was st:udie<l, 

MAT{".R!Al,S MW Mlffll•DS 

C. hotulinum 
Pr<Jteolytit: type 13 ~train ~pore~ (ATCC 7949) were grown at 

35''C for 3 weeks in c,">1<:cd meat me(lia inside an anaerobic 
ch,;mher flushed with 5% H/10% C0

1
:SS<t,. N, (Coy Laborat()ry 

Products, foe ... Ann Arbor, Mr). T!1c spore culture wa, storl>:d 

.JOVRNAI.. OJ' FOOi) PRO'J'!',Cl!ON. VOL. 55. JANUARY 199'.! 
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in,ide rhe. chamhe.r. The spore prepara1ion~ were heat sho,,ktd m 
80''C for 10 min and enumerated inside the m~terobic chamber by 
dilu1ing with ,ierilc 0. 1% peptone, surface plating on bo1ulin:1l 
assay medium (BA~{I agar (12) with a spiral plawr (Spira"! 
Syst~,ms. tnc., Beihc~da. "Ml)). and incubating at 35"C. BAM 
consi$ted of 5.0 g yeast extract, 5.0 g 1rypt()ne, 2.65 g nutrient 
broth, 1.2 g dipo1.:1.ssium plm,phatc, and :..0 g deXtr<)se pt,r L (pH 
7.3). For studie_,; with vegetative c.clls. spores were ht'.al , hocked 
aud JO µI inoculateJ in10 20 ml of BAM broth inside the 
arnierobic chamber. After 48 h at 35cc. 0.1 ml Wtl\ tr.mslem:d to 
each <Yf four tllbcs containing 20 rnl BAM. After 24 h the cultures 
were wa,IK·d and resuspended in 20 ml peptone water (to1.al 
vofomc). 

In the spore gcnnination experim,:m, spore~ were hc:it shocked 
and dihned with peplonc water. Diluted ,pores (0.JO ml) were 
then added to BAM nicdii\ (5.0 ml) to provide a kvd ol' :'\00 
spc,res per ml. For the experiment in the fo1menter. three indi,
\'idual Mn.in~ of type A {69, FDA; 62. FDA; 33. US Anny l..irb, 
Natick, i\-lA) and three ~trains of typ•~ B (169. f.DA; 999. FDA; 
ATCC 7949) were individu,tlly heat stJ,1c.ked and 0.J ml inocu
la1.ed im1.1 BAM ( 100 ml). After incubating inside the anaerobic 
drnmher m 35°C for 3 week~, 1he spores were washed, resuspended 
in wa1er. heat shocked, and e.nume;'.ra1.ed as de~cribcd ahme, The 
individual strains weie diluted with water and c()mbined to give 
an equal strain miKtme totaling '2.5 x JO' spores per mL The spore 
preparation v.as ,tore<l at 6~C for u;e as inoculum for the fer
menter, 

(;,.,,-w1h (t , .. e.~etath·e r.,~lls 
C11lturc rubes contaiuing HAM ('.).0 ml) wirh varying pH (pl-] 

5. 7 by 0.1 N HCI) and added NaCl (0-4':ii,) were autoclaved and 
ga:s equilibrated owrnigh1 (ca. 15 h) inside the anaembic chan1-
bcr. The loo$c--cappe.d 1ubes were inoculated with. O.J ml vegc.ta
tivc cell~ (ATCC 7949) to give an average log CFU per ml count~ 
of 3.8. The tube, were placed immediately inside jam 11.ucd wi1h 
plastic rnnuecl<>r"S, transforred lo au incubat()r at 2WC. and con
nected iogelher serially. An oxyge.n,nitrogen gas mixture with the 
de,~ire.cl oxygen ,,cncemrauon was then pa,sed through the j.if$ at 
a c:1111s1aw !J()w rate of SIX) c<:/min. The outlet tube of the last jar 
was ~ubmerged in watc.r to crc-0.ie a slight positive press tirc in tl1e 
Ju; and visually confirm ga)< fltlw and ab,ence of leaks. A1 each 
sampling 1ime over a 14-d period, the end jar was removed and 
,mn,cd.iately 1r,wsfc.rred iom the. anacmbic c.l1ambcr where the 
c!ostridia in the tubes were enumerated. The !llbcs were then 
removed fNm the chamber and duplicate ~amplcs (0.1 ml) pl,\ced 
in a weH of a El.ISA plaie for turbidity mea~urernent at 6'.lO nm. 
The remainder was ~torc:c! ,,t 6"C for toxin a~$ay by ELISA (13). 
The mm,unt of tox:in from one- tube frnni each run was quantified 
by mou,e bioassil}' (8). mid a sample was placed <>fl ea<:h ELISA 
plate a~ a toxin ,tandard for the other samples on the -plate .. Two 
or three replicate tubes we.re sampled at each time for every pit. 
Ni,CI combination. The me<lium pH and NaCl le\·els were se
lc.:ted to i11corporatc the an1icipa1ed range of growth u,ing a 
,<~~pon,e surface dc;.ign. This 1•ern1itted de1erminaf:ion of the 
variah!e inferactions without (he large number of samples re.quired 
by a full factorial design. 

The gas mixture~ were formulated by mete.ring ancl mixing_ 
ultrahigh purity nitrogen and custom grade l t;, l 0'1}, or 20% 
O\ygcn•in-nitmgen (Lindy Division. Unio!i Ouhide, J>hihiddphia, 
PA). Oxygen levels M the miKmre-s were assayed with an oxygc.n 
analyzer {Systech Instrument,, Mdknry. !L). The prnc:cdure wm, 
re.pcatccl seven times with <.)J1.ygen leveb of 0.Oo/,, (three time~), 
1.6%, 3.5%, 10.0~i , and I 5.0%. 

Tc e~,imatc the redo~ pmcntiah (Eh), unino1.,u!ated bca~er~ 
C0(11aining BAM (pH 7.0 and no added NaCl) with th.i ~amc. 
surface m volume ratio as (he culture. rubes were au1oclaved and 
equilibrnted in~ide the unaerot>k chamber. The beaker, were then 

remov<'.d, placed undtr a flowing nitrogen or !0% oxygen-in
nitrogen, and the. platin urn and referen('.c electrodes (Radiomewr, 
Denmark) carefully plac:t-,ct I cm from the top or bo1tc1m of the. 
BAM broih. The llh was followed until the media weii:: in 
r.quilibrntion with the headspac:e oxygen. The ekx-.tr()()es were 
,tand;ird(zed with potassium hydr<>gcn phihaia1c-quinh>'drone US). 

Spom m,rgmw1h 
The spore inoculation experiment used 5.0 ml BA!\'1 with 

v:irying pI-ls ,md NaCl additions in JS-ml culture. wbes. After 
autoc!avin!!, media were: equilibrated inside the anaerobic cham
ber overnight and in()c1ltated with (). IO ml ATCC 7949 spores. 
The mbcs were tran~forred to a plastic gtnve bag and the bag w·as 
flu$hed thre.e time, with the desired oxygen-nitrogen gas mixture. 
Tut~.s were then individually flushed for 10 s with the ga~ minure 
and immedimely rtssealed witl! gas impermc~ble bulyl rubber 
stoppers (JJellco Glass, Inc., Vim;Jaucl, NJ). After all ft1bt\~ were 
flush(!{! and capped, 1he tube~ were, trnn.forrcd 10 anac.rc1bic jars 
whkh \WJ"C· then ll!Jshed for lO min with 2 l/min of 1he same gas 
mixtwes and scaled. The j,\r; were incuba1cd at 20"C for up to 90 
d. When growth in a tutx w,,s evidcm, the tube was withdrawn 
and 1hc jar reflu~hed. The number of day~ for visible grow1h was 
recorded, and the tube was stm~--o at 6°C for confim1.ition of toxin 
formation with 1.he BU$A test. The jar~ were reflllshcd at 2-wcck 
interval~ ir n1.>I previously opened to remove a fJ.tbe with grc1\\1h. 

Spore outr;1VH)!h in a fermenter 
Two liters of BA~! wilh 0.5% sodium thioglyc<Jhttc (pH 7.0 

wit.Ii oo added N3C!) was sterilized ins,de the 6-1. howl of a 
Techne BR-06 8iorc'!lcter (f'~chne, Inc .. Princet,m, NJ). Tem
perature v.'a~ maintained at 35.0'C aml the broth mixed ar 100 
rpm, The oxygen.nitrogen ga~ mixt.ure f1owed 1!mlllgh a microbial 
Hlter inm the !Jcadspacc ai 500 cc,lmin, The oxy_gen meter was 
mtached 10 1he gas ou.tle! to confirm the oxygen level. "Ihc pl-I 
wa, monitored bv a Sltbmergc<l electrode intc.rfaced with a rnicro
<:omplltcr (l .. eadi~1g Edge D.2l wi1h control sof.ware by Nvmad, 
!nc. {Livermore, CA). Broth was com:i111.1ously pumped ttimugh a 
Ll<H 2138 Uvicord S column densitome1er {!.KB Ins.trumc.nt-s., 
Ioc .. Gaither;;burg, MP) equipped with 40is-nm filler and inter-· 
fa.:ed with the cmnputer. Turbidity and pH values were printc,I 
and ston;d on the micmcomputcr's hard disk eve.ry 30 mill. Before 
inoculation. the fermenter was <Jpcnncd for 24 h to permit dcrec-• 
tio11 of any colltiHl1inant. The. g,1s mixture. wa; flowing for a 
minimum of 6 h before inoculation t(> cstabli.h equilibration 
between headspacc and diss<Jlved oxygen. 8roth was inoculated 
with hc.11--sh<)Cked ~pore mixture ( 10-ml) containing ,1 total of 2.8 
x lO' spores. Immediately :1fter ii,o.:ulMing, a sample (4 ml) was 
withdrawn for Eh mea~ure.rnent. A rubber stopper with Fh elec
trode$ an(l syringe needle wa, prc,;cd upon the sample to e"<:clude 
nir and the, mc.asuremcnl 1akcn after aboul 5 min when the rc.iding 
stabilized. AnothcI sample, was trnnsfcrrcd to the anaerobic cham
bc.r and surfm:e p1a1ed on BAM agar plate,, to confirm in0<.,ulum 
~ize. O1ber plates were incubated aerobically 10 detec1 co111amina, 
tion by facultmive anaerobes. The remaining portinn of thi; 
sample w<1s mix.eel with an equal portion of glycerol and stwed at 

- l 5"C for mouse bi(>a~say. At the e.nd of' 1he fem1entc.r nm, 
another se1 of sample~ wa& taken and H nalyzed for Eh, bacterial 
population, Gram s1ain. carnlase activity, po,siblc contamination, 
and presence of toxin, Prdiminary trials were conducted wi1h 
water and a dis;;olvcd ()Xyg:en electrode (As.,ziciated Bio-engineers 
and Consultm11~, Inc .• Bethlehem. PA) tn 1he fermenter under 
identical condition as alxwe 1n dctemlintl the rntc, of oxygen 
equilibrat!()l) alter changing from air m ni1rogen. 

Turbidity dam were- entered 01110 an RS/I table (BBN Soft, 
ware Produc1~ Corp., Cambtidgc, MAj and fit1ed to the Gompcm. 
equation v.sing a VAX compute.r and a Gauss-Newton itenu.ion 
pnx'.1:X!ure (2). l..ag time~ and ra1e of 111rhidi1y iucrca;.e wr.re 
calculatl>:d from the Gompcrtz coe-ffkic-nt~. 
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RESUl,TS AND OISCtJSSION 

Vegetative cdls 
·nw Eh near the boltom of the pH 7 (no added NaCl} 

medium increased from -117 m V (equilibrated in the reduc
ing atmosphere of the anaerobic chamber) to + 107 mV 
with flowing nitroge.n. Equi!ibratiori was 90".:i, co111pletc 
within 4 h. When l U% o:'<yge.n was purged over the me
dium, the Eh attained +275 rnV within 2 h. 

With no oxygen in the nitrogen atmosphere above the 
medium. growth and toxin were consistently observed in 
media having pH z 5.5 and NaCl .$: 3.0 % (Table. n, 
Growth and to.~i11 were not observed at pH 6.0 with 4.0'f,; 
NaCl. When the oxygc.n leve.t was increased to l .6%. no 
toxin was detected al the- 3.0 alld 4.0% NaCl levels and at 
pH 5.f). l.ncroasing the oxygen level, did not prevent toxin 
formation in the other five NaCl-pH treatment~ until J 5% 
llowing headspace O,"<:ygen. At that oxygen level. growth 
and to.~in still occurred in two rnedht with pH 6.0 and 7.0 
and no added NaCL For a given medium. the time for 
01easurnhlc toxin formation was only slightly increased by 
incrca~ing oxygen conecntratlons. 

TABLE I. lr11ernaim1 of oxygen fo1'eis with pl! rmd S(Jlt wntem 
jr;r produoion 4 toxin from vtrgetmive cell.,· of C. botulinum al 

20"C. 

pH Adooo 
NaCl(%\ 0.0 1.6 3.5 1{).(J 15.0 

7.0 (l.{) 2" ?. 3 3 '.\ 
7.() 4.0 7* NT !'<'T 
6.5 LO 3 2 :; 7 NT 
6.5 3.() 6 NT NT 
6.0 (i.O ,< -, 2 < 

,) 3 7 
6.0 2.0 > .\ 8 7 NT 
6.0 !,.() NT NT NT 
5.5 1.0 5 3 6 ' I NT 
5.5 3.0 5* NT NT 
5.0 0.() T•· NT NT NT NT 
-•••M•• ••• ······-·-·· -· · · -· · ------·-············ 
,. Time toxin firs1 detected in days. 
"Toxrn detected in 2 of 3 runs within 14 d. 
NT-No toxin or growth detec1ed within 14 d. 
Blank spal,e indic.ite;. sample nol run. 

Douglas and Rigby (7) claimed the Eh .foll during 
spore germination and emergem.--e, and Sic.gel and .Metzger 
(24,25) demonstrated that a growing culture in a fermenter 
can reduce the Eh by ·150 m V. We sunnise that tinder 
favorable pH and NaCl cnnditions, the vegetative cells 
were able to maintain the initial Eh in the media and 
continue to grow. even with 8ubscquently high he<1dspacc. 
oxygen concentrations. 

The inoculurn size uffoctcd the time for to~in under 
10'% oxygen atmosphere in every pH-NaCl mc.dium (Table 
2). With 50 CFU per ml inoculurn, growth and toxin 
occurred only al 7 .0 \Vilh no added .NaCl within th~ l4-d 
incubation at 20°C. WitJ-1 5 x W; CFU per ml. inocult1rn, 
growth and toxin were observed in all media. The amount 
of toxin prod·uced was not great with thi~ strain (24}, but it 

did show an inverse relationship with the time for toxin 
fonnation. 

TABLE 2. £}feet of in.oc:11/11111. size 011 the growth and toxin 
pmdm·tion hy ve.g,~tative ceils graw11 wWi a /O'lc oxygen atmo
spherr over broth 11uNiia at 20°C. 

pH Auclro Tut><;. Time Toxin 
NaCl /log} toxin (MLD/ml) 
1%) (d} 

7.0 0.0 1.7 9 9 
35 3 21 
5.7 52 

6.5 l.O 1.7 • -- 0 
3.5 7 22 
5.7 128 

6.0 (}.O 1.7 0 
3.5 3 !6 
~ ~ 

·· ·' 1 53 
6.0 2.0 1.7 0 

:,.5 7 20 
S.7 4 7 

5.5 ).0 1.7 0 
3 .5 7 30 
S.7 

,., ,. 110 
5.0 0.0 l. 7 0 

3 .5 0 
5.7 3 42 

··~··················· 

'·- No growth nllscn·cd within l 4 d. 

Spore inocu.la 
When spores were inoculated into media ,md sea.led 

unde.r varying headspace oxygen concentralions for up 10 

90 d at 2WC, the oxygen levels that allowed growth and 
toxin formation were. much lower than those oh~crved wiH1 

vegetative cells (Table 3). At 0.5'}0 or more oxygen, no 
gro\\th was observed at pH 5.0. The frequency of growth 
in the other media decreased at 0.5 and l.0% compared to 
0% oxygen. At 2.0% oxygen only ont~ tuhc had grnwth but 

no detectable toxin. Eight tuhes, including the tube at 2% 
oxygen, had growlb but no toxin and were umfinncd to 
have grnm-positive, catalase-negative rods. It was probable 
that these tubes were removed for stornge at 6"C for the 
toxin assay withoui all.owing sufficient time for fo.m1ation 
of detectable amounts of toxin. Our experience with thi~ 
ELISA showed it could detect approximately 10 mouse 
unit,;; per ml of IOxln. 

Fa-mr:nrer 
The previoul. culture tnbes were not agitated, undoubt

edly a factor in allowing the continuing: growth <)f tl,e 
vegetative. ce.lls. A series of runs in 1be fem1ent.cr was 
intended t.0 c.ollahnratc the observations of spore growth 
presented 011 Table 3 but with mixing and monitored 
headspace oxygen levels. Trials measuring dissolved oxy
gen showed a 90'};, reduction in the first l J/2 h after 
initiating How of nitrogen. All factors were made optimum 
for growth including the addition of thioglycolale lo t.he 
media. The time, to wrbidity increases were. 36 to 60 h with 
less than 0.4% (\ and I lU h with 0.5 to 0.7%, 0 1 (Table 
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TABLE 3. Time.for growth a11d roxin pmduc1ior1 ,;f $pores i?{ C. 
botulinttm with varying f:ewJspm:e oxygrm. pH, and wll ieveis <11 

20"C. 

Oxygen pH 
(%) 

0.0 7.0 
7.0 
6.0 
6.0 
5,0 
5.0 

0.5 7.0 

1.0 

7.0 
6.0 
6.0 
5.0 
5.0 
7.0 
7.0 
6.0 
6.0 
5.0 
5.0 

2.0 7.0 
7.0 
6.0 
6.0 
5.0 
5.0 

Added 
NaCl 
{%,} 

0.0 
3.0 
0.0 
L5 
0.0 
3.0 
0.0 
3.0 
0.0 
L5 
0.0 
3.0 
0.0 
'.W 
0.0 
1.5 
0,0 
3.0 
0.0 
3.0 
0.() 

1.5 
0.0 
3.0 

Ave. time Growth Toxin 
gro\vdi 

(d)" 
---------- --

6 )0/!0' l 0/l 0 
8 10/Hl 10/10 
8 10/10 IO/ IO 
9 10/10 10/10 

'.15 5/10 5/6" -· o; Hl 0/4 
4 5/5 4/5 
74 4/5 3/5 
89 l/5 l/5 
79 1/5 l/3 

()/5 0/3 
0/5 0/1 

5 3/5 1/5 
32 4/5 2/4 
34 2/5 J/4 
26 1/5 l ,., , ... 

0/5 0/2 
0/5 0/2 

76 !/JU 0/8 
U/10 0/7 
()/1(} on 
0/l(} 0/7 
0/JO 0{7 

0/10 0/7 
- - - ------------- ........................ __ 
' Days to visible gn1wth. 
;, __ No tubes showed lurbidity or contained toxin within 90 d. 
" Numerator is numbc.r of positive tttbes, denominator tohil 

number of tube., te.~tcd. 
'' Not all nougrowth 1.uhes were assayed for wxin. 

4). The presence uf toxin was confinned by mouse bioassay 
in all nms and _plate counts showed counts reached 107 to 
10' CFU per ml. At 0.9 and 1.2% oxygen, no turbidity 
increases irJdicating vegetative growth were- observed after 
over 325 h incubatfon and neither nm had detectable 
mnounts of toxin. However, plate counts at the end of the 
nms of 105 CFU per ml indicated 2-log cycles of growth 
had occun-ed. The absence of toxin may be from insuffi
cient number of cells to produce detect.able amnums l)f 
toxin, inabi.lity of the organism to produce toxin under 
these (."Qnditions, or inactivation of toxin by proteases, 
denaturation or other chemical reaction (9). 

Once turbidity began to increase, growth was rapid at 
all pcnnissive oxygen levels and not consistently affected 
by 11Je 0:1:ygcn levels. After maximum growth, the pH 
dee.lined 0.6 to l .5 units (average final pH wa, 6,24) and 
the Eh dedine.d from an average of +287 w -JS mV (pH 
corrected). Thi~ lowering of redox p,)tcntial despite con
tinuously flowing oxygen and mixing showed again the 
capability of C. botulinum to create a more fovorablc 
en vironme11t for itself. These Eh values are higher than the 
+ 144 rnV in stcriliz.ed milk and tryptQnc medium with 

Ti-\BLE 4. Time to turbidily anti gmwth mtt of C. botulinum i11 
(1 fcrmemer with ,•mying fwmbpare oxygen fow:ls at. 35"C. 

Oxygen(%:, Time turbidity , Ill 

0.005 36 
0.007 45 
0.08 56 
0.15 53 
o~ 60 
0.4 44 
0.5 ,1()5 
0.6 106 
0.7 109 
0.9 >325 
1.2 >380 

' Lag time detennined fmm pH decline. 
~ N'o increase in turbidity observed. 

Growth rate ( Abs.,11) 

0,70 
0.51 
0.50 
0.28 
1),65 
0.56 

" .. 

0,15 
035 
N'f'\• 
NT 

lactose thM permitted growth by strain 62A (15,16). 
Nonprot.colytic type E strains grew in media with Eh values 
between+ 100 and +250 inV (14,22). Lund and colleag-ue.s 
(18.19) showed that the mn:nber of type E spores necessary 
to initiate growth mu,t incroa5e exponentially with increas
ing Eh. Re.dox potential mea.surcmell1.s in a particular com
plex medjum arc not specifically related to oxyge.n concen
trations because of the many r~':dox couples involved, sotne 
not rapidly reversible or able to react with oxygen (JO), The 
controlling factor in growth by anaerobes is the concentra
tion of oxygen and oxygen radical~ in the medium and the 
organism's ability to prot<:(."t itself frorn them (15). 

In summary, this work showed tllat the critical range of 
oxygen tolerance of spores of proteolytic strains of C. 
botulinwn is approximately l ':Jt. Conditions inside the fer
menter of a favorable environment, h.igh spore numbers, 
and mixing pcnn.itted significant grnwth on.ly at $_0.7'!1> 
headspace oxygen. However, the number of trials W3$ very 
limited an<J 1J1e maximum time allowed for growth was 14 
d. The spore,~ in ~tatic tubes had lower numbers of spores, 
a more realistic abuse temperature of 20QC, and were 
incubated for 90 d. They grew under 1.0% oxygen in 
media having pH values of 6.0 and 7.0. Even though tht~ 
absolute minimum pH is generally considered to be 4.6 
{9,21 ), this work suggested that reducing the pH to 5.0 
greatly restricts the ability of the C. botulinum to grow. 
This work abo denwnstrated the ini-crnction of pH. NaCl, 
and headspace oxygen in delaying gf()Wth and toxin l'onna
tion. Additional modeling for spore loads rcalisticaJly ex
pected to be pr(:1;ent in foods iniended for rcfrigc-r·ated 
storage is needed to confidently exploit multiple barriers to 
growth when i.he food is temperature abused. 

Allowing the spores to germinate and multiply before 
placing them under oxygen atmospheres in unagitate.d broths 
de111onstrntcd a gmit ability by the organism !<) maintain a 
sui table environment for continuing _growth and t.oxin pro• 
duction, These quiesence broths could repre,ent a solid 
food or a liquid during storage and implied t.hat the oxygen 
surrounding a food is an unreliable barrier to C, hotulinum 
growth. 
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L-Cysteine hydrochloride monohydrate 
Cell culture tested, meets USP testing specifications 

Product Number C6852 

Product Description 
Molecular Formula: C;iH7NO2S • HCI • H2O 
Molecular Weight 175.6 
GAS Number: 7048-04-6 

This product is tested for endo!oxin levels and 
suitability for cell culture experiments. 

Cys!eine is a major biological source of sulfur and is 
one of the two common sulfur-containing amino acids. 
The biosynthesis of cysteine occurs through the initial 
condensation of homocysteine and serine via 
cystathionine synthase to form cystathionine, which in 
turn undergoes cleavage by cystathionase to give 
cysteine and rx-ketobutyrate. Cysteine can readily 
dimerize to form cystine via the oxidation of the thiol 
side chain residues to give a disulfide covalent bond. 
The formation of such cystine links between cysteine 
residues in proteins is an important part of the 
stabilization of the three-dimensional structure of 
proteins. 1 

An investigation into cysteine and cystine levels in 
normal and malignant cells with a relationship to 
-y-cys!athionase levels and tumor sensitivity to 
L--cysteine and cystine depletion has been reported. 2 

The toxicity of human neuronal cell lines to cysteine 
and i!s metabolites has been investigated. 3•

4 Cysteine 
can inhibit the activity of enzymes SLlCh as lecithin
cholesterol acyltransferase. 5 

A protocol for the Lise of cysteine in pulse-chase 
experiments to study protein expressioJl from an 
inducible promoter has been reported. 0 

Precautions and Disclaimer 
For Laboratory Use Only. Not for drug, Musehold or 
other uses. 

Preparation Instructions 
This product is soluble in water (100 mg/ml), yielding a 
clear, colorless solution. 

Storage/Stability 
Stock solutions of cysteine are relatively stable at 
acidic pH, especially in degassed solutions. Aqueous 
solutions of cysteine oxidize rEtadily in air to give 
cystine at neutral or basic pH.' 
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PTO/SB/26 

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office 
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce 

Electronic Petit ion Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 16665702 

Filing Date 28-0ct-2019 

First Named Inventor John Maloney 

Attorney Docket Number 066859/539011 

Title of Invent ion 

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

IZI 
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Exela Pharma Sciences, LLC 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, t he 
terminal part of t he statutory term of any patent granted on the instant application w hich would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

10478453 

as t he term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of t he prior patent, "as the term of said prior patent 
is presently shortened by any terminal d isclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally d isclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as present ly shortened by any terminal disclaimer. 

@ Terminal disclaimer fee under 37 CFR l .20(d) is included with Electronic Terminal Disclaimer request. 
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0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

Q Small Entity 

Q Micro Entity 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 50893 

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Bryan L. Skelton/ 

Name 
Bryan L. Skelton 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Electronic Patent Application Fee Transmittal 

Application Number: 16665702 

Filing Date: 28-0ct-2019 

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/Karen Trachtman 

Attorney Docket Number: 066859/53901 1 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Al lowance-and-Post-lssuance: 
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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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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer - Approved 

Application No.: 16665702 

Filing Date: 28-0ct-2019 

Applicant/Patent under Reexamination: Maloney 

Electronic Terminal Disclaimer filed on December 16, 2019 

r8J APPROVED 

This patent is subject to a terminal disclaimer 

0 DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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Electronic Acknowledgement Receipt 

EFSID: 38040730 

Application Number: 16665702 

International Application Number: 

Confirmation Number: 9198 

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/Karen Trachtman 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/539011 

Receipt Date: 16-DEC-2019 

Filing Date: 28-OCT-2019 

Time Stamp: 14:53:24 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted w ith Payment yes 

PaymentType DA 

Payment was successfully received in RAM $160 

RAM confirmation Number E2019BFE53238671 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part / .zip (ifappl.) 

33389 

1 Terminal Disclaimer-Filed (Electronic) e Terminal-Disclaimer.pdf no 2 
iilC2a19046ScJaOc8lS~5SJ&;fc;J 11i'2<: 

obcJ 

Warnings: 

Information: 

30618 

2 Fee Worksheet (S806) fee-info.pdf no 2 
ra;,.t°'4b."Jb2fo:b902c.6910fl t9c.9(688626 28f 

74b 

Warnings: 

Information: 

Total Files Size (in bytes) 64007 

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 A1a!lications 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/E0/903 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/R0/105) 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. 



Eton Ex. 1083 
148 of 220

IN THE UNITED STATES PA TENT AND TRADEMARK OFFICE 

Appl . No. : 16/665,702 Confirmation No.: 9198 
Applicant(s): Exela Pharma Sciences, LLC First Named Inventor: John Maloney 
Filed: October 28, 2019 
Title: ST ABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION 

AND METHODS OF USE 

Docket No.: 066859/539011 
Customer No.: 00826 
Art Unit: 1612 
Examiner: Packard, Benjamin J. 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA22313-1450 

REPLY TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111 

In reply to the non-final Office action dated December 12, 2019, and concurrent with the 

filing of a Terminal Disclaimer pursuant to 37 C.F.R. § l.321 , please reconsider the above

identified application. 

Remarks begin on page 2 of this paper. 

1 of 3 
LEGAL02/39456137v I 
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Electronic Acknowledgement Receipt 

EFSID: 38036238 

Application Number: 16665702 

International Application Number: 

Confirmation Number: 9198 

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/Karen Trachtman 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/539011 

Receipt Date: 16-DEC-2019 

Filing Date: 28-OCT-2019 

Time Stamp: 14:54:33 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment J no 

File Listing: 

Document 
Document Description File Name 

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

110926 

1 
2019-12-16_539011_Response 

yes 3 
_Non-Final_Office_Action.pdf 

NMdl~?ll1e<ldlhlSa61d8a,Jl<lll'>OO-<e< 
8748 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Arguments/Remarks Made in an Amendment 2 3 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Warnings: 

Information: 

Total Files Size (in bytes) 110926 

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 A1n~lications 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 AQQlication 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 AQQlication 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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Appl. No.: 16/665,702 
Attorney Docket No.: 066859/539011 
Reply to Non-Final Office Action dated December 12, 2019 

REMARKS 

I. Status of Claims 

Claims 1-30 remain unchanged and pending in this application for reconsideration. 

Il. Nonstatutory Double Patenting Rejection Is Overcome 

The Office Action rejects claims 1-30 on the ground of nonstatutory double patenting for 

allegedly being unpatentable over the claims in U.S. Patent No. 10,478,453.1 Applicant submits 

herewith a terminal disclaimer referencing U.S. Patent No. 10,478,453. Thus, the nonstatutory 

double patenting rejection of claims 1-30 in the instant application is moot. 

CONCLUSION 

Having addressed all the issues set forth in the Office Action, Applicant believes that the 

present application is now in condition for allowance and courteously solicits a Notice of 

Allowability. Should there be any issue that impedes the allowance of any claim, the Examiner 

is invited to telephone Applicant' s undersigned representative so that the issue may be resolved 

expeditiously. 

Applicant does not believe that any 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 or fees are necessary to allow 

consideration of this paper, Applicant hereby petitions such extensions oftime under 37 C.F.R. 

§ 1. 136(a) and authorizes any required fees (including any fees for net addition of claims) to be 

charged to Deposit Account No. 16-0605. 

Respectfully submitted, 

/Bryan L. Skelton/ 

Bryan L. Skelton 
Registration No. 50,893 

1 Applicant notes that for the ODP rejection. the Office Action cites U.S. 10,1 78,453. Applicant believes this is a 
minor clerical error and d1at it is d1e issued parent of the present case to which the Office Action intended to refer. 

2 of3 
LEGAL02/39456137v I 
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Appl. No.: 16/665,702 
Attorney Docket No.: 066859/539011 
Reply to Non-Final Office Action dated December 12, 2019 

Customer No. 826 
ALSTON & BffiD 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 

ELECTRONICALLY l'lLED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT & 
TRADEMARK OHICE ON DECEMBER 16, 2019. 

3 of 3 
LEGAL02/39456137v I 
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Modified PTO/SB/08 Fonn 

Substitute for form 1 4498/PTO Complete if Know n 

Application Number 16/665,702 

INFORMATION DISCLOSURE Filing Date October 28, 2019 

STATEMENT BY APPLICANT First Named Inventor John Maloney 

Art Unit 1612 
(Use as many sheets as necessary) Examiner Name Benjamin J . Packard 

Sheet I 1 I of I 14 Attorney Docket Number 066859/539011 

U.S. PATENT DOCUMENTS 
E!<aminerl C~e I 
Initials• I No. 1 I Document Number 

Number Kind Codc2 QlltrxMTI) 

I Publication Date I I MM-DD-YYYY 
Name of Patentee or I Pages, Columns, Lines, Where 

Appl.Cant of Cited Document Re levant Passages or Relevant 
Figures Appear 

r:::::::::::1:::~I~:::::1g~j§i,~j;~#T:~T::::::::::::::::::::::::::::::::r:::ii~~j~3.~i~::1~~~i:~i.i:i(~:i:.:::::::::::::::::::::::::::r::::::::::::::::::::::::::::::::::::::::::::::::::::i 
r:::::::::::1:::~~:f::ig~:~;jii.:2.:;:~::~f::::::::::::::::::::::::::::::::::r :::~:Fi1j~~~::::i~ii.iii~::i~:~c::::::::::::::::::::::::::::r::::::::::::::::::::::::::::::::::::::::::::::::::::i 
r:::::::::::1::A~f] gft;:#f2.~f~(::::::::::::::::::::::::::::::::::r:::~:F2.fi~~~:]~ii:~~9.!!:i.(~c:::::::::::::::::::::::::::r:::::::::::::::::::::::::::::::::::::::::::::::::::i 
r:::::::::::1:::~~:2.::::ig~))~~:.:t~~::~f ::::::::::::::::::::::::::::::::1::::ii~2.~:i~f~::::r.:~;~f.iii::i<~:i::::::::::::::::::::::::::r:::::: :::::::::::::::::::::::::::::::::::::::::::::1 

NON PATENT LITERATURE DOCUMENTS 

Examiner Cite Include name of the author(in CAPITAL LETTERS}, title of the article (when appropriate), title of the item (book, T 2 

Initials • N 1 magazine, journal, serial, symposium, catalog, etc.), date, page(s}, volume-issue number(s), publisher, city 

I Examiner 
Signature 

O. and/orcountiv where published. 

I Date 
Considered 
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Modified PTO/SB/08 Fonn 

Substitute for form 1 4498/PTO Complete if Known 

Application Number 16/665,702 

INFORMATION DISCLOSURE Filing Date October 28, 2019 

STATEMENT BY APPLICANT First Named Inventor John Maloney 
Art Unit 1612 

(Use as many sheets as necessary) Examiner Name Benjamin J. Packard 

Sheet 12 I of I 14 Attorney Docket Number 066859/539011 
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Appl. No.: 16/665,702 Group Art Unit: 1612 
Filed: October 28, 2019 Examiner: Benjamin J. Packard 
For: ST ABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION 

AND METHODS OF USE 

Submitted via EFS-Web 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT 
CITATION UNDER 37 C.F.R. § 1.97 

Attached is a list of documents on form PTO-SB08. 

It is requested that the Examiner consider these documents and officially make them of 

record in accordance with the provisions of 37 C.F.R. § 1.97 and Section 609 of the MPEP. By 

identifying the listed documents, Applicant in no way makes any admission as to the prior art 

status of the listed documents, but is instead identifying the Ii sted documents for the sake of full 

disclosure. 

Copies of all listed documents (other than U.S patents, U.S. patent application 

publications, or patents or publications otherwise determined cumulative) are attached, except 

those (if any) that were previously submitted to, or cited by, the Office during the prosecution of 

any application(s) upon which the present application directly relies for an earlier effective filing 

date under 35 U.S.C. § 120. It is noted that 37 C.F.R. § l.98(d) establishes that copies of 

documents previous( y submitted to, or cited by, the Office during prosecution of said application(s) 

are not required to be furnished; however, copies of such documents will be furnished upon 

request. 

In accordance with 37 C.F.R. § 1.98(d) the reference above to said application(s) includes 

those application(s) properly identified in the table below 

A lication Not Filin: Date Pub;/Patent No/ Status 
16/248,460 01-15-2019 10,478,453 Issued 
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Respectfully submitted, 

/bryan I. skelton/ 

Bryan L. Skelton 
Registration No. 50,893 
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826 7590 12/2612019 
ALSTON & BIRD LLP 
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APPLICATION NO. FILING DATE 
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EXAMINER 

PACKARD. BENJAMIN J 

ART UNIT PAPER NUMBER 
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DATE MAILED: 12/26/2019 

ATTORNEY DOCKET NO. CONFIRMATrON NO. 

0668591539011 9 198 

TITLE OF INVENTION: STABLE. HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

APPI..N. TYPE ENTITY STATUS ISSUE FEE DUE PUBUCATION FEE DUE PREV. PAID ISSUE FEE TOTAi.. fEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $ l000 03/26/2020 

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 WITmN 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 TOW ARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS showo above. If the ENTITY STATUS is showo as SMALL o r MICRO, verify whether eotitlemeot to that 
eotity stants still applies. 

If the ENTITY STATUS is the same as showo above, pay the TOTAL FEE(S) DUE showo above. 

If the ENTITY STATUS is c hanged from that shown above, on PART 8 - PEE(S) TRANSMl'n'AL, complete section number 5 titled 
"Change in Entity Starns (from stan1s indicated above)". 

For purposes of this notice, small entity fees are I /2 the amount of tmdiscounted fees, and micro entity fees are I /2 the ammmt of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivaleot, must be completed aod returned to the Uoited States Patent aod Trademark Office 
(USPTO) with your ISSUE FEE aod PUBLICATION FEE (if required). If you are chargiog the fee(s) to your deposit accouot, sectioo "4b" 
of Pan B - Fee(s) Traosmittal should be completed aod ao extra copy of the form should be submitted. If ao equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays io processing may occur due to the difficulty io recognizing 
the paper as ao equivalent of Part B. 

m. All communications regarding this applicatioo must give the applicatioo oumber. Please direct all commuoicatioos prior to issuance to Mail 
Stop ISSUE FEE uoless advised to the cootrary. 

fMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on O·r 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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Complete and send this form. together with applicable fee(s), by mai l or fax, or via EFS-Web. 

By mai l, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria. Virginia 22313-1450 

By fax . send t0: (571 )-273-2885 

lNSTRUCTIONS: This forru should be used for 1ransrnit1ing1he ISSUE FEE and PUBLICATION FEE(ifrequired) . Blocks I lhrough 5 should be completed where appropriate. All 
funhercorrespondence including !he Patent. advance orders and notification of maintenance fees will be mailed LO the current correspondence address as indicated unless corrected 
below or directed otherwise in Block I. by (a) specifying a new correspondence address: ancVor (b) indicating a separate "FEE ADDRESS" for rnaimenancc fee notifications. 

CURRENT CORRESPONDENCE AODRESS (N<>te: Use Block I for .iny change of address) 

826 7590 12/26/2019 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
JOI SOUTH TRYON STREET, SUITE 4000 
CHARLO'M'E, NC 28280-4000 

APPLICATION NO. FILING DATE 

16/665,702 10/28/2019 

Note: A cenificate of mailing can only be used for domestic mailings of the 
Fee(s) Traosmiual. This certilicate 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 trans·mission. 

Cerlilicatc of Mailing or T ransmission 
I hereby certify that this Fee(s) Transmiual is being deposited wilh !he United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed 10 the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile LO (571) 273-2885, on the date below. 

(Typed or prin1c:d uamc 

(Signature 

(Ome 

FIRST NAMED INVENTOR ATTORNEY DOCKEf NO. CONFIRMAT!ON NO. 

John Maloney 066859/5390 11 9198 

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

APPLN.TYPE ENTITY STATUS ISSUE FEE DUE 

aonprovisional UN DISCOUNTED $1.000 

EXAMINER ART UN IT 

PACKARD. OE.NJA.t'v(L'I J 1612 

I. Change Of' correspondence address or indication ot "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) a11ached. Use of a Customer 
Number is re uircd. 

PUBLICAT!ON FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

424-621000 

2. For pnming on !he patent ont page. list 
(I) The names of up to 3 registered patent attorneys 
or agents OR. alternalively, 
(2) The name of a single lirm (having as a member a 
registered attorney or agent) and !he names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1()00 03/26/2020 

2. _____________ _ 

3 _____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRL'ITED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below. no assignee data will appear on !he patent. If an assignee is identified below, the document must have been previously 
recorded. or Ii led for recordation. as set fonh in 37 CFR 3.11 and 37 CFR 3.8 1 (a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAlvfE OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check !he appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporal.ion or other private group entity O Government 

4a. Fees submiued: 01ssue Fee 0Publication Fee (if required) 0Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid Jee shown above) 

0 Electronic Payment via EFS-Web O Enclosed check O Non-electronic payment by credit card (Auach form PTO-2038) 

0 The Director is hereby aulhorized 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 entily status. See 37 CFR 1.29 

0 Applicant asserting smal l entity status. See 37 CFR 1.27 

0 Applicam changing to regular undiscounted fee status. 

NOT E: Absent a valid certification of Micro Entity Status (see forms PTO/SB/l5A and 15B), issue 
fee payment in lhe micro entity amount will not be accepted at Lhe risk of application abandonment. 
NOTE: If the application was previously under micro entity status. checking !his box wi ll be taken 
to be a notification of loss of enliLlement to micro entity status. 
l'1Qre Checking this box wi ll be taken lo be a notification of loss of cntillemem to small or micro 
e ntity 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 cenifications. 

Authorized Signamre _____________________ _ 

Typed or printed name _____________________ _ 

PTOL-85 Part B (08- I 8) Approved for use lhrough 0 I /31/2020 
Page 2 of3 

0MB 0651-0033 

Dale ___________________ _ 

Registration No. _______________ _ 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. FlLlNG DATE 

16/665.702 l0/28/2019 

826 7590 12/2612019 

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

FIRST NAl\>lED lNVENTOR 

Jobn Maloney 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Mdcess: COMMISSIONER FOR PATENTS 

P.O. Box 14.50 
Alexandria. Virginia 22313-\ 45,0 
www.u.spto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

066859/5390 II 9 I 98 

EXAMINER 

PACKARD. BENJAMI.N J 

ART UNIT PAPER NUMBER 

1612 

DATE MAILED: l2/26/2019 

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 AJA Technical Con-ections 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 lo nger providing an initial 
patent term adjustment determination with the notice of allowance. The Office wil l 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 de termination 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)-786-0101 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 10 

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 lo collect the infom1ation 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 10 obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an appl.ication. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, inc luding 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on !he amount of lime you require lo complete this form and/or suggestions 
for reducing this burden, should be sent to the Ch.ief Informal.ion 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: Comm.issioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313- 1450. Under the Paperwork Reduction Act of I 995, no persons are required to respond lo 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 
subm.ission of the attached form re lated to a patent applicalion or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of th.is information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solic ited is voluntary; and (3) the principal purpose for which the infonnation 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission re lated to a patent 
application or paten!. If you do not furnish the requested infom1a1ion, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submiss ion, which may result in termination of proceed.ings 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 th.is form will be treated confidentially to the extent allowed under the Freedom of 

Tnfo1111ation 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 determ.ine 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 llibunal, inc luding disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be d.isclosed, 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 orde r 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 d.isclosed, as a routine use, to the International Bureau of the World intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in th.is system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. I 81) and for review pursuant to the Atomic Energy Act (42 U.S.C. 2 l 8(c)). 

7. A record from this system of records may be d.isclosed, 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 responsibil.ity 
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 othe r re levant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about ind.ividuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after e ither publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 15 1. 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. 
16/665,702 
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. 

1.0 This communication is responsive to eTDs filed 12/16/19. 

DA 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. 

3.0 The allowed claim(s) is/are 1-30. 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) DAIi b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 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. 

0 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) 
1.0 Notice of References Cited (PT0-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3.0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Office 

5. 0 Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7.00ther __ 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20191219 
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CPC Combination Sets 

Symbol 

NONE 

(Assistant Examiner) 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 

(Primary Examiner} 
U.S. Patenl and Trademark Office 

Application/Control No. 

16/665,702 

Examiner 

BENJAMIN J PACKARD 

06 

241 

401 

16 

175 

405 

095 

0029 

00 

02 

191 

198 

4172 

36 

28 

00 

1412 

Type 

Applicant(s)/Patent Under Reexamination 

Maloney et al. 

Art Unit 

1612 

Type Version 

F 2013-01'-01 .... •···· 

I ' 20.19-01-01 

I 2013-01-01 

I 2016-08-0.1 : ••••• · ............ • 

I : 2016-08-01 / i .. 

I 2013-01-01 

I 2013-01"01 

I 2013-01-01 

I '·2013-01~01 :I:••i••····· .. 

I 2013-01 ~0.1 .... 

I •2013,01-01 

I ·2013-01-01 

I 2013:01-01 .,, ................ • 

I . 201°3-01-0.1 :.,:,.:.;,,·. 

I 2013-01-01 

A 20.13-01-0 1 

A . 2013-01-01 

Set Ranking Version 

ti??(:'.f:., ' '' '' 

Total Claims Allowed: 

(Date) 30 

19 December 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 
Part of Paper No.: 20191219 
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Issue Classification 

11 I 111 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

A61K 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS I 
I 

NONE 

(Assistant Examiner) 

/BENJAMIN J PACKARD/ 
Primary Examiner, Art Unit 1612 

(Primary Examiner} 
U.S. Patenl and Trademark Office 

Application/Control No. 

16/665,702 

Examiner 

BENJAMIN J PACKARD 

I @U 33 

I 
I 

Applicant(s)/Patent Under Reexamination 

Maloney et al. 

Art Unit 

1612 

I @I os 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

Total Claims Allowed: 

(Date) 30 

19 December 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 
Part of Paper No.: 20191219 
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Issue Classification 

11 I 111 

Application/Control No. 

16/665,702 

Examiner 

BENJAMIN J PACKARD 

Applicant(s)/Patent Under Reexamination 

Maloney et al. 

Art Unit 

1612 

0 Claims renumbered in the same order as presented by applicant D CPA 0 T.D. D R.1.47 

CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 30 

/BENJAMIN J PACKARD/ 19 December 2019 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1612 

(Primary Examiner} (Date) 1 1 
U.S. Patenl and Trademark Office Part of Paper No.: 20191219 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 16/665,702 Maloney et al. 

II I I 
Examiner Art Unit 

BENJAMIN J PACKARD 1612 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted I Interference 0 Objected 

CLAIMS 

0 Claims renumbered in the same order as presented by applicant D CPA 0 T.D. D R.1.47 

CLAIM DATE 
Final Original 12/19/2019 

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 = 

U.S. Patent and Trademark Office Part ol Paper No.: 20191219 
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Search Notes 
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A61K 9/0029, 31/095, 47/02 

Application/Control No. 

16/665,702 

Examiner 

BENJAMIN J PACKARD 

CPC Combination Sets - Searched* 
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US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

Maloney et al. 

Art Unit 

1612 

Date Examiner 

12/19/2019 BP 

Date Examiner 

Date Examiner 

• See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

Palm inventor search 12/09/2019 BP 
East search 12/09/2019 BP 
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East search updated 12/19/2019 BP 
STN search updated 12/19/2019 BP 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 
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A61K 9/0029, 31/095, 47/02 12/19/2019 

U.S. Patent and Trademark Ofhce 
Page 1 of 1 
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D Met After Allowance 
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T itle: STABLE, HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR 
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FILING or 371(c) DATE CLASS GROUP ART UNIT 
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FIRST NAMED U~VENTOR 

John Maloney 
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PART 8- FEE(S) TRANSMITTAL 

Complete and send this form. together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mai l, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria. Virginia 22313-1450 

By fax. send to: (57 I )-273-2885 

lNSTRUCTIONS: This forru should be used fortransmiuiog the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where appropr iate. All 
funhercorrespondence including the Patent. advance orders and notification of maintenance fees will be mailed lo ~,e current correspondence address as indicated unless corrected 
below or directed otherwise in Block I. by (a) specifying a •cw corrcspo• de• ce address: and/or (b) indicating a separate '"FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE AODRESS (NOie: Use Block I (Of' any change of addtes.s) 

826 7590 12/26/2019 

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

APPLICATION NO. FILING DATE 

16/665.702 10/28/2019 

Note: A cenificate 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 a• assignment or formal drawing. must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby cenify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail io an envelope 
addressed to the Mail St<)p ISSUE FEE address above. or being transmitted to 
~,e USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name 

{Signa1ure 

(Date 

f'IRST NAMED INVENTOR ATfORNEY DOCK.ET NO. CONFIRMATION NO. 

John Maloney 066859/5390 I I 9198 

TITLE OF lNVENTION: STABLE. HIGHLY PURE L-CYSTEINE COMPOSITIONS FOR INJECTION AND METHODS OF USE 

APPLN.TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovi sional UN DISCOUNTED $1000 

EXAMINER ART UNIT 

PACKARD. BENJAMIN J 1612 

I. Change of correspondence address or 10d1cauon o '"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/ 
Sll/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is r e< uired. 

PUBLICATION FEE DUE PREY. PALI) ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 $ 1000 03/26/2020 

CLASS-SUBCLASS 

424-62 1000 

2. For prmtmg on ~,e patent ront page, list 

(I) The names of up to 3 registered patent a11omeys 
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. 

1 Alston & Bird, LLP 

2 ____________ _ 

3 ____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRLNTED ON T HE PAT ENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on ~,e patent. If an assignee is identified below. the document must have been previously 
recorded. or filed for recordation. as set fonh in 37 CFR 3.11 and 37 CFR 3.8 l(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 O R COUNTRY) 

Lenoir, NC 

Please check u,e appropriate assignee category or categories (wiH not be primed on the patem) : 0 Individual !li Corporation or ou1er private group entity O Government 

4a. Fees submiued: i&rssue Fee 0 Publication Fee (if required) • Advance Order-# of Copies _________ _ 

4b. Method of Payment: ( Please first reapply any previously paid fee shown above) 

~ Electronic Paymem via E FS-Web O Enclosed check O Non-electronic paymem by credit card (Attach form PTO-2038) 

iig The Director is hereby auU10rized to charge the required fee(s). any deficiency. or credit any overpayment lo 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 cenification of Micro Entity Status (see forms PTO/SB/15A and 158). issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: lfu,e application was previously under micro entity status. checking this box wi ll be taken 
10 be a notification of loss of entiUemem to micro entity status. 
~ Checking tl1is box will be taken lo 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 l.33. See 37 CFR 1.4 for signature requirements and cenilications. 

Authorized Signature /bryan I. Skelton/ 

Typed or printed name Bryan L. Skelton 

PTOL-85 Part 8 (08-18) Approved for use tl1rough 01/31/2020 
Page 2 of3 

0MB 065!-0033 

Date January 13, 2020 

Registration No. _5~0~8~9~3 __________ _ 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMi\.fERCE 
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Application Number: 16665702 

Filing Date: 28-0ct-2019 

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/Karen Trachtman 

Attorney Docket Number: 066859/53901 1 

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: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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USO($) 

Extension-of-Time: 
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Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 38280977 

Application Number: 16665702 

International Application Number: 

Confirmation Number: 9198 

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/Karen Trachtman 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/539011 

Receipt Date: 13-JAN-2020 

Filing Date: 28-OCT-2019 

Time Stamp: 16:45:16 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted w ith Payment yes 

PaymentType DA 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20201 CG45333391 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part / .zip (ifappl.) 

182458 

1 Issue Fee Payment (PTO-85B) 
2020-01 -13_53901 l _lssue_Fee 

no 1 
_payment.pdf 

Jbd024JfeJ71~edJ.it bbSJl9ixJ9elf 
Sfd98 

Warnings: 

Information: 

30439 

2 Fee Worksheet (S806) fee-info.pdf no 2 
9S~2d3dccc0e17S9912t6bck.nooa291 ... ,. 

Warnings: 

Information: 

Total Files Size (in bytes) 212897 

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 A1a!lications 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/E0/903 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/R0/105) 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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APl'I.ICATIO:'! NO. FILING DATE 

16/665,702 I 0/28/20 19 

8'.'.!6 7590 0l! l 7/2020 

ALSTON & BIRD LLP 
BAN K OF AMER ICA PLAZA 
IOI SO UTH T RYON STREET. SUITE 4000 
CHARLOTTE. NC 28280-4000 

FIRST NAMED INVENTOR 

John Maloney 

1,;NITED STATES DEPA RT.~11':NT OF COMMERCE 
Unitt'd S,utes Patccu and Tradcnrnrk Office 
Addcess, COMMISSIO NER FOR rATENTS 

P 0 , Om 14 ~0 
Al,;,,:.u1dria, \ 'iqi:ini!I 223 1 l-1•150 
WWY,.USpto.go , 

ATTORNEY DOCK ET "10. CONFIRMATION NO. 

066859/5390 11 9198 

EXAMl:'-l~R 

PACKARD, BEC'IJAMIN J 

ART L'NIT PAPF.H NUMUER 

1612 

NOTIFICATION DATE DELIVERY MOOE 

0 1/17/2020 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 
fo llowing e-mail address(es): 

uspto ma i l@alsron.com 

PTOL-90A (Rev. 01/07) 
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~ .. T .. ~ UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United Stales Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Application No. : 16665702 
Applicant : Maloney 

Filing Date : 10/28/2019 
Date Mailed : O l / l 7 /2020 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, ho'vvever, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR l.136(a) for only TWO additional MONTHS. 

The infom1alities requiring correction are indicated in the attachment(s). If the infom1ality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue appli<:ation, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informal ities noted herein. See Waiver of37 CFR 1.312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). 1n addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

P.O. Box 1450, Alexandria, VA 22313-1450". 

/Quang Nguyen/ 
Publication Branch 
Office of Data Management 
(571) 272-4200 
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IDENTIFICATION OF DRAWING DEFICIENCIES 

There is a hole or the image thereof within the illustration. FIG(s) 

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the 
drawing, such as a dark line caused by a flaw in the copying process. FIG(s) 

An ink stamp or the image thereof obscures part of the illustration. FIG(s) 

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots 
in a substantial portion of the drawing). FIG(s) 

Figure numbers are duplicated or missing. FIG(s) 

Drawing sheet or figure is missing. FIG(s) 

Numbers, letters, o r reference characters in the drawing have been crossed out or are iLlegibly handwritten. 
FIG(s) 

The character of the lines, numbers, and letters is poor. FJG(s) 

The drawing's background shows that the original drawing was made on graph paper or other paper with a 
pattern or decoration. FIG(s) 

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s) 

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference 
number. FIG(s) l (See Comment below) 

The drawing and/or the FIG. label contain(s) foreign language. FIG(s) 

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing. 
FIG(s) 

A petition under 37 CFR l .84(a)(2) to accept color drawings has been granted, but the brief description of 
the drawings in the specification does not contain (or has not been amended to contain) the paragraph 
required by 37 CFR l .84(a)(2)(iii). 

This re issue application contains added and/or amended drawings that are not labeled as " New" or 
"Amended" or "Canceled" as required by 37 CFR 1 .173(b)(3). FJG(s) 

This Design reissue application contains a drawing that is labeled as "Canceled" but is not surrounded by 
brackets, or a drawing that is surrounded by brackets but is not labe led as "Canceled." See 37 C FR 
l.173(b)(3). FIG(s) 

OTHER: 

[K] COMMENTS: 
FIG. l contains overlapping text on y-axis. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16665702 Document Date: 0211012020 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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Electronic Acknowledgement Receipt 

EFSID: 38544841 

Application Number: 16665702 

International Application Number: 

Confirmation Number: 9198 

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/Lorraine Pineda 

Filer Authorized By: Bryan Lee Skelton 

Attorney Docket Number: 066859/539011 

Receipt Date: 1 0-FEB-2020 

Filing Date: 28-OCT-2019 

Time Stamp: 17:34:51 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted w ith Payment J no 

File Listing: 

Document 
Document Description File Name 

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

134633 

1 Response After Final Action 539011 _Response1 .pdf no 4 
51'8e0i>IM73'1<7e5•1d..sa5dlllbl<lb< 

25313 

Warnings: 



Eton Ex. 1083 
215 of 220

Information: 

179171 

2 
Drawings-only black and white line 

539011_Figure1 .pdf no 1 
drawings 

-485 1f90c.c.c974 70a20Sa4 2e6df4J a95Sc7~9 

""' 

Warnings: 

Information: 

Total Files Size (in bytes) 313804 

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 Ai:rnlications 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 ARRlication 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 ARRlication 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 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT /RO/105} 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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IN THE UNJTED STATES PATENT AND TRADEMARK OFFICE 

Appl. No.: 
Applicant(s): 
Filed: 
Docket No.: 
Customer No.: 
Title: 

16/665,702 
Exela Pharma Sciences, LLC 
October 28, 2019 
066859/539011 
00826 
ST ABLE, HIGHLY PURE 
AND METHODS OF USE 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Confirmation No.: 9198 
First Named Inventor: John Maloney 

Art Unit: 1612 
Examiner: Packard, Benjamin J. 

L-CYSTEINE COMPOSJTJONS FOR INJECTION 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 

In response to the Notice to File Corrected Application Papers dated January 17, 2020, enclosed are 
the following: 

• Part 2 of Formalities Letter (not necessary when e-filing) 
D 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 fil ing fee of ___ and 

the ___ surcharge under 37 C.F.R.§ l.16(t) 
• A ll 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. 
lg] Other: Replacement Figure l to correct overlapping text on y-axis. 
lg] 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 USL'o/G THE EFS-WEB ELECTRONIC FILL'l'G SYSTEM OF THE UNITED STATES PATENT & 
TRADEMARK OFFICE ON FEBRUARY 10, 2020. 

LEGAL02l39590936v I 



Eton Ex. 1083 
217 of 220

UNITED STATES P ATENT AND TRADEMARK O FFICE 

APl'LICAT IO:'! NO, FILING DATE 

16/665,702 10/2812019 

8'.'.!6 7590 Ol! l 7,':!020 

ALSTON & BIRD LLP 
BAN K OF AMER ICA PLAZA 
IOI SOUTH TRYON STREET. SUITE 4000 
CHARLOTTE. NC 28280-4000 

FIRST NAMED INVENTOR 

John M3loney 

l,;;s"ITED ST AT ES DEPA RT ~IEN1' OF COM M ERCt 
United S tutes Patent and TradcnHtrk Office 
Add«,s, COMMISSIO NER f• R PATENTS 

r 0 . Box 14~0 
Al,;;,.an<Jri,1. \ 'ir~inia 223 I 3- I •150 
w,.,,,._ ,U~fllO,l!O\ 

ATTORNEY DOCK ET NO, CONFIRMATION NO, 

066859/53901 1 9 198 

EXAMl:,./[;R 

PACK A RD, BE:,./JA M IN J 

A RT l.! :-JIT PA PER NUM ~ ER 

1612 

NOT\f\C1\ TION DATE DELIVER\' MODE 

01 / 17/2020 EL ECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time per iod for reply, if any, is set in the attached communicatio n. 

Notice o f the Office communication was sent electronically on above-indicated "Notification Date" to the 
fo llowing e-mail address(es): 

usptoma i l@alsron.com 

PTOL-<J0A (Re,·. 01/07) 
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~ 

~ .. T .. ~ UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Application No. : 16665702 
Applicant : Maloney 

Filing Date : 10/28/2019 
Date Mailed : 01/17/2020 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1. 121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), «all outstanding 
requirements" will be considered to have been satisfied when the infom1ality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Quang Nguyen/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450'~ 

Office of Data Management 
(571) 272-4200 
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Application No. 16665702 Drawings filed: 10/28/2019 

IDENTIFICATION OF DRAWING DEFICIENCIES 

D There is a hole or the image thereof within the illustration. FIG(s) 

D The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the 
drawing, such as a dark line caused by a flaw in the copying process. FJG(s) 

D An ink stamp or the image thereof obscures part of the illustration. FIG(s) 

D The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots 
in a substantial portion of the drawing). FIG(s) 

D Figure numbers are duplicated or missing. FIG(s) 

D Drawing sheet or figure is missing. FIG(s) 

D Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten. 
FLG(s) 

D The character of the lines, numbers, and letters is poor. FIG(s) 

D The drawing's background shows that the original drawing was made on graph paper or other paper with a 
pattern or decoration. FIG(s) 

D The FIG. number labe l is placed in a location lhat causes the drawing to be read upside down. FIG(s) 

[II Data, a reference numbe r, or part of the drawing is truncated or missing, or a 1.ead line has no reference 
number. FIG(s) 1 (See Comment below) 

D The drawing and/or the FIG. labe l contain(s) foreign language. FTG(s) 

D This utility application contains a pho tograph of a view that is capable of being illustrated as a line drawing. 
FTG(s) 

D A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of 
the drawings in the specification does not contain (or has not been amended to contain) the paragraph 
required by 37 CFR l.84(a)(2)(iii). 

D This reissue application contains added and/or amended drawings that are not labeled as "New" or 
"Amended" or "Canceled" as required by 37 CFR l.173(b)(3). FIG(s) 

D This Design reissue application contains a drawing that is labeled as "Canceled" but is not surrounded by 
brackets, or a drawing that is SUITOunded by brackets but is not labeled as "Canceled." See 37 CFR 
l.173(b)(3). FIG(s) 

0 OTHER: 

[K] COMMENTS: 
FIG. 1 contains overlapping text on y-axis. 
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AJ.>PLICA TION NO. ISSUE DATE 

16/665.702 03/I0/2020 

826 7590 02/19/2020 

ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLO'rfE, NC 28280-4000 

PATENT NO. 

10583 155 

UNITE.DST ATES l)EPARTl\lENT OF C0MAIERO'. 
United Slates Patent a nd Trademark omce 
Add<e,., COMMISSIONER FOR PATF.NTS 

P.O. Box 1450 
AJcxanch-i:i, Virginia 22313--1450 
www.usp1o.gov 

A1'l"ORNEY DOCKET NO. 

066859/539011 

CONFIRMATION NO. 

9 198 

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) 

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; 
An.ma Koganti, Lenoir, NC; 
Phanesh Konern, 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 faci litate 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. 
IRIOJ (Rev. 10/09) 




